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ABSTRACT

Root rot of pineapple (4nanas comosus (L.) Merr.) was found in the fields at Petchaburi,
Phatthalung, Prachuap Khiri Khan and Rayong provinces. Soil samples from the disease
epidemic planting areas were collected to isolate the pathogen causing root rot of pineapple.
Forty-four isolates of pathogen were discovered by baiting technique. All isolates were identified
by their morphological characteristics and confirmed by their ITS region of the nuclear rDNA.
Fifteen isolates of Pythium aphanidermatum and 29 isolates of P. graminicola were described.
All isolates were proved to be pathogenic to pineapple root by inoculation of pathogen to
detached leaves and root. P. aphanidermatum RY803 from Rayong provinces gave more virulent
than any others while P. graminicola was the first reported causing root rot of pineapple in
Thailand. Therefore, P. aphanidermatum RY803 was used as pathogen for screening antatonistic
fungi by bi-culture plate and crude extract test.

Forty-two isolates of soil fungi were isolated by baiting and soil plate techniques for
screening antagonists. During a study on antagonistic fungi for controlling root rot disease of
pineapple, 2 isolates of Chaetomium (MB303 and MB502) could not be identified as any species
of Chaetomium and were therefore described as new, and nominated as Chaetomium siamense sp.
nov. In addition, phylogenetic analysis of ITS rDNA sequence data supports that C. siamense as

a distinct species.



All of the promising antagonists were tested for their abilities to control P.
aphanidermatum RY803 in bi-culture plate. Bi-culture antagonistic test for antagonism showed
that C. aureum MB601, C bostrychodes PR101, C. cochliodes RY301, C. cupreum NB201, C.
cupreum RY202, Gliocladium cantenulatum RY102, G. cantenulatum RY111, Trichoderma
harzianum RY 101, T. harzianum RY 104 and T. harzianum RY 112 gave significantly inhibited
the growth and oospore formation of P. aphanidermatum RY803 over 80%. The crude ethyl
acetate extract of C. cochliodes RY301 at the rate of 1,000 pg/ml gave significantly highest
inhibition of mycelial growth and oospores formation of P. aphanidermatum RY803 by 71.00 and
88.95%, respectively which the ED,, value was 64 pg/ml. Moreover, the hyphae, oogonia and
oospores of the pathogen formed abnormal protoplasm in cells and demonstrated uncommon
shape implies antibiosis. Therefore, C. cochliodes RY301 was selected as a potent antagonist to
control root rot of pineapple in pot experiment. C. cochliodes RY301 was prepared in
formulations of oil and powder before applying to pots. The result showed that disease severity
index of biofungicide from C. cochliodes RY301 in oil and powder formulations were
nonsignificantly different from metalaxyl in every month. Moreover, biofungicide in oil and
powder formulations gave nonsignificantly different from metalaxyl and fresh weight of
pineapple plant applied oil formulation was significantly highest when compared with non-treated

control.
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CHAPTER 1

INTRODUCTION

1.1 Statement and Sig_niﬁcance of the Problems

Pineapple (4dnanas comosus (L.) Merr.) is one of the most important economic plants in
Thailand that grown mainly for fresh or canned fruit and juice. It is the only source of bromelain,
an enzyme used in pharmaceuticals. Thailand is one of the ten leading exporters of processed
pineapples. During the past 5 years, Thailand exported fresh fruits and processed pineapple to
Europe, America and Japan over 20 thousand tons per year and the export value over 160 million
baht (Bureau of Agricultural Trading Promotion Department of Internal Trade, Thailand. 2009).
The growing areas of pineapple in Thailand have been expanded due to the increased demand for
pineapple products worldwide and greatly stimulated plantings. Root rot symptoms are
commonly found in the fields and become major losses in pineapple plantations. The disease is
caused by soil fungi, Phytophthora cinnamomi, Ph. parasitica and several species of Pythium.
(Rohrbach and Apt. 1993). Root rot of pineapple in Thailand has been firstly reported by
Leelasetthakul (1972) which caused by Ph. parasitica and also reported by other researchers
(Kueprakone et al. 1977; Silayoy. 1987). But in 2008, Department of Agriculture, Ministry of
Agriculture and cooperatives, Thailand reported that pineapple root rot caused by Pythium but it
was not identified into species level. However, Pythium aphanidermatum, P. arrhenomanes and P.
graminicola were reported to be pathogenic to pineapple root rot in i—lawaii (van der Plaats-Niterink.
1981; Gonsalves et al. 1994). Pythium occurs when soil moisture levels are excessively high and
fungal spores present in the soil, come in contact with the susceptible plant. The pathogen
invades and infects pineapple plants in the field via zoospores from sporangium which were
disperse by soil water, wind or rain splash. Disease control are maimly used chemical fungicides
such as metalaxyl, fosetyl-Al and phosphorus acid (Dalldorf. 1993), but usually the pathogen
become resistant to chemical fungicides.

Biological control using antagonists for controlling root rot of several plants caused by
pathogenic fungi has been extensively studied, and several examples of successful disease control
exist. The effective antagonists for controlling root rot have been reported such as bacteria e.g.

Bacillus subtilis, Streptomyces rochei, fungi e.g. Aspergillus spp., Chaetomium cupreum,



C. globosum, C. cochliodes, Gliocladium virens, Penicillium spp., Trichoderma harzianum,
T. viride (Ezziyyani et al. 2007; Abdelzaher. 2003; Soytong et al. 2001; Galland and Paul. 2001;
Naseby et al. 2000; Ahmed et al. 1999). Biological control agent is often very specific for a
particular pathogen and also less danger to the environment. It is therefore necessary to study on
this regard for reducing the application of chemical fungicides and protecting the environment.
This research study was to find out the new antagonistic fungi for controlling pineapple

root rot that possibly becomes one of the sound strategies for disease control.

1.2 Goal and Objective

1.2.1 To collect, isolate, identify and test the pathogenicity of pineapple root rot pathogens
and to study on molecular phylogenic relationship.

1.2.2 To screen antagonistic fungi for biological control of pineapple root rot and study on
control mechanism in laboratory.

1.2.3 To evaluate the new antagonist in oil and powder formulations for controlling

pineapple root rot in pot experiment.

1.3 Scope of Limitation of the Study

This research study was to screen the promising antagonistic fungi to control pineapple
root rot. The causing agent was isolated from diseased plant parts by baiting technique and tested
for pathogenicity. The effective antagonist was screened by bi-culture antagonistic test.
Moreover, fungal metabolites (crude extracts) from the promising antagonists were tested to
screen the most effective antagonistic fungus and proved for control mechanism. Subsequently,
the most effective antagonistic fungus was formulated in oil and powder forms as biological

fungicide and tested in pot experiment.



CHAPTER 2

LITERATURE REVIEW

2.1 Characteristics of Pineapple Plants

The pineapple plant (4nanas comosus var comosus) belongs to the family Bromeliaceae.
It is a herbaceous perennial plant, probably native to southern Brazil and Paraguay. Pineapple is
grown on almost any type of soil. It can grown up to 1-1.5 m high and 0.5-1 m wide. Bright
green leaves have spiny tips and margins. The stem continues to grow and acquires at its apex a

compact tuft of stiff, short leaves called the “crown” or “top” (Morton. 1987; Gilman. 1999).

2.2 Varieties of Pineapple Plants

In international trade, pineapple cultivars are grouped into four main classes: 'Smooth
Cayenne', 'Red Spanish’, 'Queen’, and 'Abacaxi', despite much variation in the types within each
class (Morton. 1987).

Sripaoraya et al. (2001) divided commercial cultivars of pineapple in Thailand into three
groups by random amplified polymorphic DNA (RAPD) analysis and morphology. The cultivars
'Tradsithong’, 'Phuket', 'Sawee' and 'Tainan', with spiny leaves, form the Queen group. 'Pattavia’,
"Nanglae' and 'Petburi no. 2' (Cayenne group), spines are confined to the leaf tips. 'Intrachitdang'
is normally placed in the Spanish group, which is morphologically similar to the Queen group,
but with inferior quality fruit.

2.3 Diseases of Pineapples

Thailand is the world’s largest producer of pineapples and canned pineapples. In the
production process of canned pineapples, “Pattavia” variety is generally used as a raw material.
This variety is susceptible to pathogen causing root and heart rot disease (Department of
Agriculture. 2007). Root and heart rot disease is caused by soilborne fungi which are the most
prevalent in prolonged wet area. Heart and root rot of pineapple have been reported that caused

by Phytophthora cinnamomi (Allen et al. 1998), Ph. nicotiana var. parasitica (Matos. 1995).



Some root rots are caused by Pythium species, most commonly P. arrhenomanes (Matos. 1995;
Van der Plaats-Niterink. 1981).

Pythium root rot occurs when soil moisture levels are excessively high and fungal spores
present in the soil, come in contact with the susceptible plant. Symptoms include browning of
leaf margins, development of reddish colored leaves, reduction in plant growth and plant decline
and death (Crane. 2009).

Pythium root rot is a common crop disease caused by a genus of organisms called
“Pythium”. These are commonly called water moulds (Wikipedia. 2007) or soil-borne fungi
(Agrios. 1997). Many Pythium species are closely related to Phytophthora species, which are
plant pathogens of economic importance in agriculture. Pythium species tend to be very general
and nonspecific in their host range. They can infect a large range of hosts while Phytophthora

species are generally more specific (Table 2.1) (Wikipedia. 2007).

2.4 The Disease Cycle of Pythium aphanidermatum

Pythium aphanidermatum survives in the soil as hyphae, oospores and sporangia. They
can be directly infected root tissues by encysted zoospores, oospores, zoospores and sporangia
(Fig. 2.1). Encysted zoospores, oospores and sporangia form germ tube directly infect the plant.
Otherwise, they may form sporangia which produce the motile zoospores. The zoospores swim to
infect plant tissue. After infection, they will release hydrolytic enzymes to destroy the root tissue

and absorb nutrients as'a food source (Parker. 2009).
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Fig. 2.1 Disease cycle of Pythium aphanidermatum (Source: Parker. 2009).



2.5 The Taxonomy of the Genus Pythium

Pythium species are ubiquitous in soil and aquatic environments. The genus Pythium
was firstly established and placed in the family Saprolegniaceae by Pringsheim in 1858 I(Ma.rtin.
1991). Pythium is now widely accepted as the type genus of the family Pythiaceae in the order
Peronosporales of class Oomycetes (Waterhouse, 1974) or order Pythiales of class
Peronosporomycetes (Dick, 2001). According to Waterhouse (1974), Pythium species can be
identified by the delicate, hyaline, coenocytic, freely branching flexuous hyphae (about 5 pm on
average). Non-deciduous sporangia are produced only in water with variable shapes ranging from
spherical, subspherical, ovate, obovate, ellipsoidal, pyriform (non-papillate or sometimes papillate
without apical thickening) to lobulate and filamentous, terminal or intercalary on undifferentiated,
simple, irregular or sympodially branched sporangiophores. Zoospores are not formed within the
sporangium. Instead, the sporangial protoplasm passes through an exit tube into a thin
membranous globose vesicle within which zoospores are differentiated and dispersed by rupture
or dissolution of the vesicle membrane. The sexual reproduction is oogamous, producing
spherical female oogonia, and the antheridium is paragynous or occasionally hypogynous. The
number, shape and origin of the antheridia vary with the species and the oospore can be aplerotic
or plerotic and some species produce more than one oospore per oogonium.

Pythium aphanidermatum (Edson) Fitzp. is a cosmopolitan phytopathogen with & wide
host range and an aggressive species of Pythium, causing serious root rot and damping-off in
various economic plant crops (Parker, 2009). They are characterized by colourless mycelia, its
hyphae are hyaline, and the main hyphae are mostly 5-7, occasionally up to 10 um wide, cross
septa are lacking except in old, produce oospores as sexual stage and sporangia as asexual stage.
Sporangia are inflacted filamentous that they were branched, forming irregular toruloid
complexes. Oogonia are spherical, terminal and intercalary, measuring 20.24-26.46 pm in
diameter; antheridia 1-2 per oogonium; oospore aplerotic, spherical, single, smooth-walled,

measuring 16.78-22.90 um in diameter (van der Plaats-Niterink. 1981) (Fig. 2.2 and Fig. 2.3).



Table 2.1 Pythium species causing root rot.

Species

Plants

References

Pythium aphanidermatum

Artichokes, pineapple,

sweet pepper, watermelon

Stanghellini et al.  (2000);

Gonsalves and Ferreira (1994)

Pythium arrhenomanas Pineapple Gonsalves and Ferreira (1994)
Pythium debaryanum Wheat Higginbotham et al (2004)
Pythium graminicola Pineapple van der Plaats-Niterink (1981)
Pythium intermedium Rose Metzger et al (2007)

Pythium irregulare Apple Mazzola et al. (2002)
Pythium myriotylum Cocoyam Perneel et al. (2006)

Pythium phragmitis

Common reed

Nechwatal et al. (2005)

Pythium ultimum var. ultimum

Cauliflower, Wheat

Abdelzaher (2003);

Pythium sylvaticum

Apple

Mazzola et al. (2002)

Pythium spp.

Turfgrasses, ornamentals,

sugarcane, wheat

Vincelli (2006); Chase (1999);
Office of the cane and sugar board

(2009); Milus and Rothrock (1997)

Fig. 2.2. Pythium aphanidermatum, CBS 118.80. a. oogonia and antheridia, b. toruloid

sporangia, lower magnification, c. Appressoria (Source: van der Plaats-Niterink. 1981).



Fig. 2.3. Pythium graminicola, CBS 327.62. a. oogonia, some with antheridia, b. toruloid

sporangia, c. Appressoria (Source: van der Plaats-Niterink. 1981).

The taxonomy of the genus Pythium is mainly based on the morphological descriptions
and the keys provided by Middleton (1943), Waterhouse (1968) and Van der Plaats-Niterink
(1981), whereas the genus of Phytophthora is identified according to the keys of Waterhouse
(1963), Erwin et al. (1983) and Erwin and Ribeiro (1996). Identification can be made difficult
due to characteristic variation within a species. However, morphological observations are now
being supplemented with molecular characters becoming a useful tool in fungal taxonomy and
currently used to identify different species in mycological studies (Table 2.2).

The region of DNA that codes for the production of ribosome (the ribosomal RNA
(rRNA) gene cluster) has been extensively used in studies on evolution and systematic. This
region consists of three major genes that code for the large, the small and 5.8S ribosomal
subunits. These genes are separated by internal spacer (ITS) regions, and the whole gene cluster
is repeated many times along a chromosome. Individual cluster is separated by intergenic spacer

(IGS) sequences (Fig. 2.4).



Matsumoto et al. (2000) studied intraspecific DNA polymorphisms of Pythium
irregulare. Forty-seven isolates of P. irregulare from different hosts and geographic origins
were compared to molecular, morphology and physiology. They were divided into four groups
(I-IV) based on ITS-RFLP analysis. Groups I and II included 32 and 8 isolates, respectively,
collected from diverse hosts and geographic origins, and groups III and IV comprised 7 isolates
derived from sugar beet and sugar beet field soil.

Galland and Paul (2001) identified Pythium perplexum which was mistakenly described
by Bulter as P. vexans by using the internal transcribed spacerl (ITS1) of rDNA. The
morphological character of P. perplexum differs from P. vexans by its larger oogonia, non-
proliferating sporangia, a lack of lobed antheridia and by different temperature requirements.
The comparison between the ITS1 of the two fungi indicated that they share only 67.1% identity.
This observation supported the morphological and reproductive observations could justify the
creation of two taxa as P. perplexum and P. vexans.

Harvey et al. (2001) studied on genetic and pathogenic variation among cereal, medic
and sub-clover within 34 isolates of Pythium irregular by using restriction fragment length
polymorphisms (RFLPs) as genetic markers. Most isolates showed significant differences in their
pathogenicity between hosts, indicating that they varied in pathogenic fitness and were better

adapted to infect some hosts relative to others.
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Fig.2.4 Schematic diagram of the ribosomal RNA gene cluster (Source: Vilgalys. Lab. 2009).



Table 2.2 Features of commonly used molecular markers (Bridge. 2002).

Marker DNA type studied = Taxonomic level resolved Sample
required

Random amplification of = Variable, Individuals, Purified

polymorphic DNA generally nuclear, sub-specific groups DNA

(RAPD) sometime respective

Simple repetitive PCR Variable, Individuals, Purified

sequences; generally nuclear, sub-specific groups DNA

micro-and mini-satellite repetitive

probes and primers

Amplified fragment length Subset of total Individuals, Purified

polymorphisms (AFLPs)  genome sub-specific groups, DNA

some closely related species,

Mitochondrial DNA Mitochondrial DNA  sub-specific groups, Luﬁﬁed

RFLPs some closely related species =~ DNA

ITS/IGS region RFLPs Nuclear rDNA Closely related species, Organism
variable spacers some sub-specific groups

ITS region sequences Nuclear iDNA Some sub-specific groups, Organism
variable spacers closely related species

rRNA gene sequences Nuclear tDNA Species, genera, families, Organism

phyla

Protein genes Conserved coding Species, genera, families, Usually

regions phyla purified
DNA

Paul (2002) identified Pythium proliferatum as a new species by using their

morphological features and the sequences of the ITS1 region of rDNA. The comparison of ITS1

with related species supported its morphological features.

Singh ez al. (2006) reported the molecular analysis could support the morphological

variations between the closely related species. P. rhizosaccharum (F-1244) was isolated from
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soil samples in the rhizosphere of sugarcane (Saccharum officinarum) in the north-eastern India.
This isolate come closed to species of P. ultimum, P. middletonii, P. rostratum and P.
ramificatum. However, it was different from the others by its rare antheridial branches that
wrapped around the oogonia and its thin-walled, mostly plerotic oospores. These observations
matched with the molecular analysis (comparison of the ITS sequences).

Paulitz ez al. (2003) isolated Pythium abappressorium sp.nov. from wheeat and apple
roots in eastern Washington. The new species was characterized by abundant appressoria,
plerotic oospores and sporangia were formed from the appressoria and remnants of the
appressoria remain attached to the base of sporangia at maturity. The sequence of the ITS1
region of the rDNA did not match the sequences from a worldwide collection of over 1,200
isolates.

Schurko et al. (2003) used sequence analysis of the ribosomal DNA internal transcribed
spacers (ITS) to establish phylogenetic relationships among 23 isolates of Pythium insidiosum.
The ITS sequence was tended to support the existence of geographic variants by dividing the
isolates into three distinct clades that exhibited significant geographic isolation. The obtained
sequence information provided an abundance of data for applications in the diagnosis of pythiosis
and identification of P. insidiosum from clinical samples. b

Allain-Boulé et al. (2004) identified Pythium attrantheridium sp. nov. which was a new
species isolated from cavity spot lesions of carrots as well as apple and cherry seedlings by using
its morphological and supported the morphological identification by the ITS region of the nuclear
tDNA. The ITS region of all strains of P. attrantheridium was different from that of all other
known as Pythium spp.

André Lévesque and De Cock (2004) constucted the phylogeny of 116 species of
Pythium based on the ITS region of nuclear -DNA. The phylogenetic analyses of ITS regions
revealed a divergence of globose and filamentous sporangium types and divided the Pythium
strains into 11 clades (clades A-K) as sporangia development.

Nechwatal et al. (2005) gave a formal description of the taxon as Pythium phragmitis sp.
nov., providing information on morphology, ecology and pathogenicity in comparison to related
species. The new species were proved to be significantly more aggressive towards reed leaves
and seedling in vitro than related species. It was characterised by filamentous, inflated sporangia

and plerotic oospores with usually more than one antheridium. ITS and cox II sequence data
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indicated this new species shared a common ancestor with P. arrhenomanas, but the sequence
differences were clearly consistent with a divergence of the two taxa.

Perneel et al. (2006) analysed intraspecific variability within 51 isolates of Pythium
myriotylum from cocoyam and other host crops by using optimum growth temperature, esterase
banding patterns, AFLPs, rDNA-ITS sequencing and virulence to cocoyam. They found that
molecular evidence of P. myriotylum infected cocoyam were distinct from P. myriotylum that
isolated other crops and developed a certain degree of host adaptation.

Tambong et al. (2006) developed a DNA array containing 172 oligonucleotides
complementary to specific diagnostic regions of internal transcribed specers (ITS) of more than
100 species for identification and detection of Pythium species. They reported that DNA array
was a reliable tool for identification and detection of the majority of Pythium species in

environmental sample.

2.6 Disease Control of Pineapple Root Rot

2.6.1 Chemical Fungicides

Control of heart and root rot of pineapple has been reported using three fungicides as
follows: metalaxyl (Ridomil), fosetyl Al (Aliette) (Department of Agriculture. 2008) and
phosphorous acid (Dalldorf. 1993). Fungicides were applied either as a preplant dip For
propagation material or as a postplant spray.

Singh et al. (2003) reported that metalaxyl was a systemic fungicide widely used in citrus
production to control Phytophthora root and foot rot. But it was found that the commercial
formulation of metalaxyl contained various isomers and that these isomers might vary in
phytotoxin effects on citrus leaves. In young field-grown citrus trees, bright yellow foliage with
some leaf necrosis was observed following metalaxyl treatments.

Jonhson et al. (2004) treated phosphorous acid for controlling tuber rots caused by
Phytophthora infestans, P. erythroseptica and Pythium ultimum to foliage of potato. They
found that applying phosphorous acid at 9.37 kg. a.i./ha could be achieved for controlling late
blight and tuber rot within 2 weeks. But control of P. ultimum by phosphorous acid was not
evident. Total tuber yield at harvest did not differ significantly between the phosphorous acid

treatment and the nontreated control.
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2.6.2 Biological Control

Biological control aims to the reduction of inoculum and disease producing activity of a
pathogen which accomg;lished by one or more organisms (Jacobsen. 2002). Several species of
bacteria and fungi have been reported to be effective as biological control agents (BCAs) for root
rot diseases (Table 2.3 and Table 2.4). The principal fungi used as BCAs against soil-borne
diseases include the commercially used species, namely, Gliocladium virens, Trichoderma
harzianum (Agrios. 1997) and Chaetomium species (Ketomium") (Soytong et al. 2001). The
filamentous fungi produce a wonderful diversity of secondary metabolites which include
pigments, antibiotics, phytotoxins, toxic compounds, and compounds that promote or inhibit
growth (Demain. 1999). Plant pathogens were interfered by antibiosis, competition and paratism
(Trigiano et al. 2004). Biocontrol of soil-borne pathogens is a direct result of the action of
antagonists through one or more of the following mechanisms: Antibiosis which Titus and Pereira
(2007) stated that refers to the inhibition or destruction of the pathogen by the metabolic product
of the antagonist; Competition that occurs when the antagonist directly ¢omplete for the
pathogens resources like nutrients, oxygen, space etc; Parasitism, hyperparasitims and
mycoparasitism occur when antagonist invades the pathogen by excretion of extracellular

enzymes, phenols, chitinases, cellulases and other lytic enzymes.

Table 2.3 Lists of bacteria reported as antagonists. ~

Antagonists Pathogens References

Agquaspirillum autotrophicum Helminthosporium solani Martinez et al. (2006)

Burkholderia cepacia

Cellulomonas fimi

Pantoea agglomerans

Pseudomonas chlororaphis

Pseudomonas fluorescens
Pseudomonas putida
Pseudomonas sp.
Rhizobium leguminosarum
Serratia plymuthica
Streptomyces griseus

Streptomyces rochei

Pythium spp.
Helminthosporium solani

Penicillium digitatum
Helminthosporium solani
Pythium spp.
Helminthosporium solani
Pythium spp.

Pythium spp.

Pythium perplexum
Helminthosporium solani

Phytophthora capsici

Milus and Rothrock(1997)

Martinez et al. (2006)
Poppe et al. (2003)

Martinez et al. (2006)
Milus and Rothrock(1997)
Martinez et al. (2006)
Milus and Rothrock(1997)
Bardin et al. (2004)
Galland and Paul (2001)
Martinez et al. (2006)

Ezziyyani et al. (2007)




Table 2.4 Lists of fungi reported as antagonists.
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Antagonists Pathogens References
Aspergillus candidus Phytophthora cinnamomi Duvenhage and Kotze (1993)
Aspergillus spp. Phytophthora capsici Noveriza and Quimio (2004)

Chaetomium globosum

Chaetomium cupreum

Cunninghamella spp.
Gliocladium spp.
Mortierella spp.

Mucor spp.
Paecilomyces lilacinus
Penicillium funiculosuni
Rhizoctonia spp.
Trichoderma hamatum
Trichoderma harzianum
Trichoderma harzianum
Trichoderma virens

Trichoderma virens

Trichoderma spp.

Fusarium oxysporum f. sp.

lycopersici,

Sclerotium rolfsii
Cochliobolus sativus
Phytophthora palmivora,
Phytophthora paracitica,

Phytophthora cactorum,

Fusarium oxysporumf. sp.

lycopersici,

Sclerotium rolfsii
Phytophthora capsici
Phytophthora capsici
Phytophthora capsici
Phytophthora capsici
Phytophthora cinnamomi
Phytophthora cinnamomi
Pythium ultimun
Phytophthora cinnamomi
Phytophthora capsici
Pythium ultimum
Phytophthora fragariae
Pythium aphanidermatum,
Pythium ultimum,
Rhizopus oryzae

Phytophthora capsici

Aggarwal et al. (2004)
Soytong et al. (2001)

Noveriza and Quimio (2004)
Noveriza and Quimio (2004)
Noveriza and Quimio (2004)
Noveriza and Quimio (2004)
Duvenhage and Kotze (1993)
Fang and Tsao (1995)

Burns and Benson (2000)
Duvenhage and Kotze (1993)
Ezziyyani et al. (2007)
Naseby et al. (2000)

Wilcox et al. (1999)

Howell (2006)

Noveriza and Quimio (2004)
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2.7 Mechanisms of Antagonism

Antagonists used for biological control of plant pathogens include bacteria, fungi,
nematodes and viruses. Biological control of plant disease can occur through different
mechanisms, which are generally classified as antibiosis, competition suppression, direct

parasitism, induced resistance, hypovirulence and predation (Haggag and Mohamed. 2007).

2.7.1 Antibiosis
Antibiosis is the inhibition of an organism by a metabolite produced by another
organism. Antagonists may produce influential growth inhibitory compounds that are effective

against numerous microorganisms.

2.7.2 Competition
Competition is the result of two or more organisms trying to utilize the same food or the
same infection site. The competitor successfully excludes the others due to its faster growth or

reproductive rate or is more efficient in obtaining nutrients from food sources.

2.7.3 Parasitism
Parasitism is the feeding of an organism on another organism. As a biocontrol

mechanism, parasitism can be successfully used to reduce inoculums of many pathogens.

Ahmed et al. (1999) studied the ability of Trichoderma harzianum to control the rot rot
of pepper (Capsicum annuum) caused by Phytophthora capsici. Analysis of the fungal
populations in the plant growth substrate showed that I. harzianum constantly reduced the
population of P. capsici over time.

Naseby et al. (2000) reported five strains of Trichoderma (4 strains of T. harziznum and
1 strain of T. pseudokoningii) for their biocontrol activities to Pythium ultimum. They found that
all Trichoderma strains reduced the number of lesions caused by P. ultimum and increased the
number of lateral roots. Trichoderma harzianum strains T4 and N47 were the greatest beneficial
characteristics. They improved plant growth in the absence of P. wltimum and reduced plant
damage in the presence of P. ultimum.

Galland and Paul (2001) reported the antagonism between Pythium perplexum F-926 and
Serratia plymuthica B-781 in vitro on the Potato Carrot Agar plates inoculated with both
organisms. The fungus grew rapidly to a certain extent and then suddenly stopped, producing a

clear zone of inhibition around the bacterial inoculum.
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Soytong et al. (2001) reported that biological product formulated from 22 strains of
Chaetomium cupreum (isolates CC01-CC10) and Chaetomium globosum (isolates CG01-CG12)
in the form of pellet and powder formulation has been successfully reduced disease incidence
which applied to infested field-soils in China, Philippines, Russia, Thailand and Vietnam for the
long-term protection of durian and black pepper caused by Phytophthora palmivora, tangerine
caused by P. parasitica and strawberry caused by P. cactorum, wilt of tomato caused by
Fusarium oxysporum {. sp. lycopersici and basal rot of corn caused by Sclerotium rolfsii.

Mazzola et al. (2002) reported that three nonpathogenic isolates of Pythium MMI,
Pythium MM3 and Pythium MMS5 could be used as biological control of root rot caused by
P. sylvaticum and P. ultimum.

Xiao et al. (2002) collected 53 antibiotic-producing Streptomyces isolated from soils in
Minnesota, Nebraska and Washington. Eight isolates were the greatest pathogen-inhibitory
capabilities for their ability to control Phytophthora root rot on alfalfa and soybean in sterilized
vermiculite and naturally infested field soil. All 8 isolates significantly reduced root rot severity
in alfalfa and soybean caused by P. medicaginis and P. sojae.

Poppe et al. (2003) studied mechanisms of Pantoea agglomerans CPA-2 to control
postharvest pathogens, Penicillium digitatum and P. italicum on citrus fruits. The mechanism
was antibiosis, induced resistance, competition and production of chitinolytic enzymes. The
results indicated that competition for nutrients was one of the mechanisms of P. agglomerans
CPA-2, but the physical contact between pathogen and antagonist was important for effective
control.

Noveriza and Quimio (2004) tested antagonistic activity of mycoflora against
Phytophthora  capsici using bi-culture technique. The results showed that antagonistic
mechanism of Mucor (isolate 1001), Trichoderma (isolates 125, 170, 171, 179, 180 and 181),
Gliocladium (isolate 109), Cunninghamella (isolates 165 and 168), Mortierella (isolate 177) and
Aspergillus (isolate 106) were act as competitor (competition for nutrient) due to they rapidly
grew over the pathogen, and Trichoderma (isolates 125, 170, 171, 179, 180 and 181) were able to
penetrate the hyphae of the pathogen. Aspergillus (isolates 67, 79, 81, 83, 108 and 202) inhibited
the pathogen apparently by producing antibiotic.

Xue (2002) reported that a strain of Clonostachys rosea (syn. Gliocladium roseum),

ACM941 was identified as mycoparasite against pea root rot pathogens (Alternaria alternata,
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Aphanomyces euteiches, Fusarium oxysporum f. sp. pisi, F. solani f. sp. pisi, Mycosphaerella

pinodes, Pythium spp., Rhizoctonia solani and Sclerotinia sclerotiorum).
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CHAPTER 3

RESEARCH METHODOLOGY

3.1 Collection, Isolation, Pathogenicity Tests and Identification

3.1.1 Collection Samples
Soil, root and leaf samples of pineapples were taken from the disease epidemic planting
areas at Petchaburi, Phatthalung, Prachuap Khiri Khan and Rayong provinces by collecting soil
around rhizosphere, root rot and leaves of pineapple var. Pattavia. All collected samples were
kept in individual clean plastic bag and brought to laboratory at Biocontrol Research Unit and
Mycology Section, Department of Plant Pest Management Technology, Faculty of Agricultural
Technology, King Mongkut's Institute of Technology Ladkrabang, Bangkok, Thailand.

3.1.2 Isolation of Pathogens

Soil, root and leaf samples were isolated root rot pathogen by using baiting technique.
Baiting technique was carried out as described by Dhingra and Sinclair (1987) using pineapple
leaf blades as baits. Each sample (ca 10 g) was put in sterilized Petri dish and flooded with sterile
distilled water, while pineapple leaf blades were cut into segments (ca 0.5x0.5 cm) and surface-
sterilized with ld% sodium hypochlorite for 1 min and followed by 1 min in sterile distilled
water. The segmented baits were placed over the water surface. After 2-3 days of incubation at
room temperature (28—30°C), the colonized baits showing discoloration were rinsed with sterile
distilled water, blotted dry on sterilized paper towels, plated onto water agar (WA, 15 g agar,
1,000 ml distilled water) and incubated at room temperature. Developing mycelia were observed
under compound microscope and transferred to potato dextrose agar (PDA, 200 g fresh potato, 20

g agar, 20 g glucose, 1,000 ml distilled water) for purification the cultures.

3.1.3 Identification
Morphological study was done to identify the species from which their descriptions were
recorded for all isolates. Moreover, molecular phylogeny was performed in order to comparison

of different diversity of fungi.

71889
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3.1.3.1 Morphological Identification

All isolates were identified according to the keys of van der Plaats-Niterink (1981),
Erwin et al. (1983), Erwin and Ribeiro (1996) and Domsch et al. (1993). The morphological
characters of hyphae, oogonia, antheridia, oospores and sporangia were examined for each isolate
as follows: for the assessment of hypha, oogonia, antheridia and oospores. An agar plug (0.5-mm
in diameter) of each isolate was cut from the edge of actively growing colony, placed on PDA,
V8A (16 g agar, 3 g CaCO,, 100 ml Campbell’s V8 juice, 900 ml distilled water) and PCA (van
der Plaats-Niterink, 1981) in the center of Petri dishes (9-cm diameter), and incubated at room
temperature. Seven days later 50 main hyphae, 30 mature oogonia and oospores chosen at random
were measured at 400 magnifications with the compound microscope. Investigation on
sporangial development was made on discs (5 mm diameter) cut from the edge of colony actively
growing on PDA, and floated in sterile water and observed for 1-7 days at room temperature.
Dimensions and characteristic features of 30 fully-mature sporangia chosen at random were

measured for each isolate at 400 magnifications with the compound microscope.

3.1.3.2 Molecular Identification
3.1.3.2.1 DNA Extraction

DNA was extracted from mycelia growing from single oospore by using a
hexadecyltrimethyl-ammonium bromide (CTAB) procedure (Lee and Taylor. 1990). Each isolate
was grown in 50 ml test tube containing 20 ml PDB (Potato dextrose broth: 200 g fresh potatoes,
20 g glucose, 1,000 ml distilled water) at 28°C on an orbital shaker (180 rpm ) for 3-10 days. The
mycelia were harvested by filtration, excess water was removed from mycelia by pressing in
paper towels. A mycelial mat was placed in a prechilled mortar, frozen with liquid nitrogen, and
ground to fine powder. Mycelial powder was suspended in 600 pl CTAB buffer, vortexed and
incubated at 65°C for 30 min, and 600 pl CIA (chloroform: isoamyl alcohol, 24:1 (v/v)) was
added. The solution was gently shaken for 25 min on a shaking platform and centrifuged at 7,000
rpm for 5 min at 4°C. The aqueous phase (top) was transferred to a new microcentrifuge tube and
repeated CIA extraction. After the second CIA was washed, 300 pl isopropanal was added and
mixed by inverting the tube several times. The supemnatant was stored at room temperature, and
then was centrifuged at 10,000 rpm for 10 min. The supematant was decanted and drained on a
paper towel for 30 min. DNA pellets were resuspended with 50 ml sterile double distilled water.

The genomic DNA was examined by electrophoresis in 1.0% agarose gel (0.5 agarose, 50 ml
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TAE buffer). The gel was stained with ethidium bromide (0.5 pg/ml) and photographed under
ultraviolet light.
3.1.3.2.2 PCR Amplification of ITS rDNA
PCR was conducted in a 50-1 reaction volume by the procedure of White et al.
(1990). PCR amplification of ITS regions was performed with primer pair ITS1 and ITS4.
Reaction mixtures contained of: 38.2 ul ddH,0, 5 pl 10xPCR buffer, 3 ul Mg2+, 1 pl dNTPs, 1 pl
genomic DNA, 0.4 pl each of primer and 1.0 pl Tag DNA polymerase, and the amplification
were conducted using the thermocycler with the following temperature cycling parameters:
denaturation at 94 °C for 3 min for the first cycle and 1 min each for subsequent cycles, annealing
for 30 sec at 55°C and elongation for 1 min at 72°C with a total of 35 cycles followed by a final
extension for 10 min at 72°C. To assess the efficiency of amplification, 5 pl aliquots of PCR
products were electrophoresed in 1.0% agarose gel in 1XTAE buffer, stained with ethidium
bromide and photographed under ultraviolet light. The remaining volumes of the PCR amplicons
were used for DNA sequencing.
3.1.3.2.3 DNA Purification
It is necessary to purify the PCR product from all contaminants before
sequencing. In this process, the PCR products were purified by the U-gene gel Extraction Kit II
(U-gene Biotechnology Co, P.R China) according to the manufacturer instructions. Each band of
PCR products was cut out of the gel, transferred to a microcentrifuge tube. One hundred fifty pl
of NJ buffer (per 0.01 g gel) were added and incubated at 60°C until the gel melted. The
supernatant was removed to a column tube and centrifuged at 10,000 rpm for 1 min. The
supernatant was decanted and 700 pl SPW buffer added to get rid of NJ buffer. After incubation
" at room temperature for 2-3 min, the tube was centrifuged at 10,000 rpm for 1 min and then the
column tube was changed. Thirty pl elution buffer was added directly into the center of the
column tube. The column tube was incubated at 60°C for 8 min and then centrifuged at 11,000
rpm for 1 min. Two pl of purified DNA were examined by electrophoresis in 1.0% agarose gel.
Gel was stained with ethidium bromide (0.5 pg/ml) and photographed under ultraviolet light. The
purified DNA was kept at -20°C for further sequence DNA.,
3.1.3.2.4 Molecular Phylogeny
The phylogenetic tree was constructed by following the protocol of Harrison and
Langdale (2006). The phylogenetic relationship of the pathogens was performed and data

compared to those of related species. These sequences were either generated during this study or
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retrieved from GenBank. All sequences were edited by using BioEdit, version 7.0.1 and aligned
using ClustalX. Phylogenetic analyses were performed using PAUP* 4.0b8 (Swofford. 2001).

Tree was viewed in Treeview.

3.1.4 Pathogenicity Tests

All isolates were tested for their pathogenicities by Koch's Postulate on pineapple leaves
and pineapple roots to screen the most aggressive isolate for further use. Pathogenicity test was
done by using detached leaf and root inoculation as follows:

3.1.4.1 Pathogenicity Tests on Detached Leaves

The pathogenicity test was carried out as described by Soytong et al. (2005) with

some modifications. Pineapple leaves from 6-month-old pot-grown pineapples were used for the
assessment of the pathogenicity. Pineapple leaves of approximately the same age (the same
position on the plant) were collected, clipped on base and apex (length ca 10 cm), and surface-
sterilized by soaking in 10% ethanol for 3 min and then each pineapple leaf was wounded with
needle-pricking method (0.5 cm in length and 1 min in depth from the surface). Each wounded
leaf was inoculated with a plug (3 mm diameter) of tested isolate which was taken from the
margin of an actively growing colony. The control treatment was treated with a plug consisted of
PDA medium alone. The inoculated leaves were kept in sealed plastic boxes containing moist
paper towels at room temperature. The lesion diameter was recorded and confirmed by ™re-
isolation after 3 days of incubation. The experiment was designed as completely randomized
design (CRD) with four replicates and data were subjected to statistical analysis, and the
variances of lesion diameter were computed, then treatment means were compared using the
Duncan's Multiple Range Test (DMRT) at P<0.05.

3.1.4.2 Pathogenicity Tests on Root Inoculation

The pathogenicity test was designed as completely randomized design (CRD) with

four replicates. The experiment was carried out using the slips of pineapples (‘Pattavia’ variety).
All isolates were grown on PDA in 9-cm-diameter Petri dishes. The inocula were prepared by the
methods of Biles et al. (1995), Shang er al. (1999) and Babadoost and Islam (2002) with
modifications. Mycelia were separately scraped out from 7-day-old cultures of each pathogen
and put in sterilized Petri dish and added with 20 ml sterile distilled water, incubated at room
temperature until sporangia were formed (5-7 days). The suspension was homogenized then

sporangia suspension was adjusted to 1x10° sporangia/ml (Chern et al. 1998). Pineapple slips
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were stripped off the lower leaves and placed in 8 cm diameter of clear glass containing 100 ml
distilled water. After 2 weeks, the plants were removed from plastic cup, and 10 roots end per
plant were cut (3 mm) before inoculation. The root systems of each tested plant were placed in
sterile distilled water inoculated with 100 ml sporangia suspension (1x10° sporangia/ml). Control
plants were placed with 100 ml sterile distilled water without inoculum. All tested plants were
maintained indoor near a sunny window until root rot occurs (about 1 week). All plants were
removed from plastic cup and then disease severity index (DSI) were recorded by modified
following scale of Ahmed et al. (1999) as 1 = no root rot, 2= 1-25% root rot, 3=26-50% root rot,
4=51-75% root rot and 5= 76-100% root rot. All isolates were screened and the most aggressive
isolate were selected for further experiment.

Data were subjected to statistical analysis, and the disease severity index was
computed, then treatment means were compared using the Duncan's Multiple Range Test

(DMRT) test at P<0.05.

3.2 Screening for Antagonistic Fungi and Antagonistic Substances Against the

Pathogen Causing Pineapple Root Rot

3.2.1 Isolation and Identification of Antagonists from Soil
Soil samples were separately collected from rhizosphere of pineapple plants showing
virulent root rot symptom, non-virulent root rot symptom and healthy pineapple plants. The soil
samples were kept in sealed plastic bags and brought to laboratory at King Mongkut’s Institute of
Technology Ladkrabang, Bangkok. The antagonistic fungi were originally isolated by soil plate
and baiting technique according to the method described by Petcharatand Soytong (1991).
3.2.1.1 Soil Plate Technique
Soil samples were dried and ground to fine particles; 0.005 g of each soil sample,
placed to sterilized Petri dishes and then overlaid with glucose-ammonium nitrate agar (GANA)
medium (10 g glucose, 1 g NH,NO,, 1 g Difco bacto yeast extract, 0.5 g K,HPO,, 0.5 g
MgSO0,.7H,0, 20 g agar, 0.06 g rose bengal, 0.03 g streptomycin, 1,000 ml distilled water). After
2-7 days incubation at room temperature in the dark, fungal colonies showing clear zone,

pigments and well growth were collected and isolated into pure culture for further use.
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3.2.1.2 Baiting Technique

Each soil sample (ca 10 g) was placed to sterilized Petri dishes and moistened with
sterile distilled water before being baited with small pieces of sterilized rice straws, filter paper,
tissue paper and pineapple leaves. The fungal colonies or fruiting structures on baits were
observed by stereomicroscope and then a small piece of mycelia or fruiting structure was taken
and placed on WA in a 9-cm-diameter Petri dish, incubated at room temperature. The hyphal tips
were transferred to PDA plates and isolated into pure culture.

All isolates taken from soil plate and baiting techniques were screened for biological
control activity against the most selected aggressive isolate of pathogen causing root rot of

pineapple variety Pattavia.

3.2.2 Screening of Antagonistic Fungi

The promising antagonistic fungi (from 3.2.1) were screened by bi-culture test which
arranged in a CRD with four replications. The interaction in bi-culture was studied on 9-cm-
diameter Petri dish according to the method of Ahmed, et al. (1999). The mycelial disc (3 mm @)
of the pathogen was cut out from the edge of a growing colony, and placed on PDA about 1 ¢m
from the edge of the Petri dish, a similar sized disc from the promising antagonistic fungus was
placed on the opposite site, about 1 inch from the edge of the Petri dish while the control was
performed either the pathogen or the promising antagonistic fungus alone, then incubated at room
temperature for 20 days. Colony diameters and the number of oospore production were recorded,
and the data were transformed into a percent inhibition of mycelial growth or oospore production of
pathogen according to the following formula: % inhibition = [(colony diameter or oospore of
pathogen in control plate - colony diameter or ocospore of pathogen in bi-culture plate)/ colony
diameter or oospore of pathogen in control plate]x100. Colony diameter and cospore production
were statistically computed analysis of variance, then treatment means were compared using the
DMRT at P<0.05. The promising antagonistic fungi showing the percentage of inhibition over
80% were selected for further study.

3.2.3 Testing Antagonistic Substances in Laboratory
The screened antagonistic fungi from previous experiment were tested for their
mechanism of action for inhibition to the most aggressive isolate of root rot pathogen by testing

their antagonistic releasing substances.
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The mycelial disc of the antagonist were cut out with 3-mm-diameter cork borer from the
edge of a growing colony, and transferred into PDB, incubated in static state at room temperature
for 4 weeks. Fungal mycelia were removed from liquid by cheesecloth filtration and dried over
night at 28-32°C. The fresh weight and dry weight of mycelial mat were recorded.

Subsequently, the extraction of the antagonistic fungi was performed by the method
described by Kanokmedhakul et al. (2006). Each air-dried mycelial mat was ground with
electrical blender and dissolved with hexane (H) at 1:1 (vol/vol) and incubated by shaking for 24
hrs at room temperature. The solvent was separated out of the marc by filtration through filter
paper (Whatman No.4). The marc from hexane extraction was further extracted with ethyl acetate
(EtOAc) and followed with methanol (MeOH) using the same procedure as hexame. The
extracted solutions from hexane, ethyl acetate and methanol were concentrated to crude hexane,
ethyl acetate and methanol extracts by using a rotary vacuum evaporator. Each crude extract was
weighed, and then kept in refrigerator (4°C) until use for testing antagonistic substances against
pineapple root rot pathogen as shown in diagram (Fig. 3.1).

Each concentration of crude extract was dissolved with 2% dimethylsulfoxide (DMSO),
and then mixed with PDA before autoclaving at 121°C, 15 Ibs/inch” for 20 min. Agar plug (3
mm diameter) of the most aggressive isolate of root rot pathogen was cut from the margin of the
3-d-old colony and transferred to the middle of PDA containing each concentration of crude
extract, incubated at room temperature for 2-10 days.

The experiment was carried out using a completely randomized design (CRD) with four
replications. Data were recorded as colony diameter (¢cm) and number of oospore, and then
transformed to inhibition percentage. Data were subjected to statistical analysis of variance.
Treatment means were compared using the Duncan's Multiple Range Test (DMRT) at P<0.05.
The effective dose (ED,) of each crude extract was computed by using probit analysis. The effect
of each crude extract to the mycelia and oospore characteristics was observed under compound

microscope.
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Fig. 3.1 Diagram of microbial crude extraction.
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3.3 Controlling Pineapple Root Rot Using Biofungicides in Pot Experiment

Results from previous experiment, the most effective isolate of antagonist was tested for
biological control property against the most aggressive isolate of root rot pathogen of pineapple
‘Pattavia’ variety in pot experiment.

The inoculum was prepared by the methods of Biles et al. (1995), Shang et al. (1999) and
Babadoost and Islam (2002) with modifications. Seven-to ten-day-old culture on PDA was
removed with a flame sterilized glass spreader to rub the colony surface and flooded with 20 ml
sterile distilled water for 48 hrs incubated at 25°C. Sporangial suspension was collected and
adjusted to 1x10° sporangia/ml using haemacytometer.

The most effective antagonist was cultured on PDA for 4 weeks. antagonist was
harvested for preparing in the formulation of oil and powder forms according to the method of
Soytong (2001). Both formulations periodically checked for shelf-life by dilution plate method.

Preparation for formulation of oil form, spores were collected, mixed with sterilized bio-
oil and adjusted to 1x10°CFU/mL.

Preparation for formulation of powder form, air dried mycelia and spores were ground to
fine. Their spores were counted and adjusted to 1x10° CFU/g. before mixing with sterilized 10g,
charcoal, 1 kg. talcum powder.

Planting soil was prepared in the soil mixture as follows: soil : sand : compost at a ratio
of 8:2:2 (vol/vol/vol) before autoclaving at 121°C, 15 Ibs/ inch® for 2 hrs. Eight kilograms of
sterilized soil were placed into experimental plastic pots.

The lower leaves of pineapple slips were stripped off and the slips were placed in 8 cm
diameter cleaned plastic pots containing 100 ml distilled water, then kept on the shelf at room
temperature for growing out of young roots. The pineapple slips with new young roots were
taken out from plastic pots after 2 weeks. The 10-root tips of each pineapple slip were cut off (3
mm) by sterilized scissors, and then soaked into pathogen inoculum suspension at 1x10°
sporangia/ml for 5 min before transplanting into sterilized soil mixture pot.

The experiment was carried out by using a randomized complete block design (RCBD)
with four replications, treatments were performed as follows: T1 = non-treated control, T2 =
inoculated with pathogen alone, T3 = treated with antagonist in oil formulation at 10 ml/plant, T4
= treated with antagonist in powder formulation at 10 g/plant, T5 = treated with antagonist in oil

formulation at 10 ml/plant and inoculated with pathogen, T6 = treated with antagonist in powder
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formulation at 10 g/plant and inoculated with pathogen, and T7 = treated with metalaxyl at
recommended rate and inoculated with pathogen. The experimental pots were maintained in
outdoor for observation. Moreover, treatments were applied either antagonist or metalaxyl at
every 2 weeks for 5 months.

Data were recorded by modified disease severity index (DSI) of Ahmed et al. (1999) as
described above in root inoculation test. Percentage of disease control was calculated by the
formula as follows: disease reduction (%) = [(DSI in treatment where inoculated with pathogen
alone — DSI in treatment where treated with either antagonist or metalaxyl)/ DSI in treatment where
inoculated with pathogen alone ]x100. All data were statistically computed for analysis of
variance. Treatment means were compared using the Duncan's Multiple Range Test (DMRT) test

at P<0.05.



CHAPTER 4

RESULTS

4.1 Collection, Isolation, Identification and Pathogenicity Tests

4.1.1 Collection Samples
Atotal of 104 samples were collected from the disease epidemic planting areas of
pineapple var. Pattavia at Petchaburi, Phatthalung, Prachuap Khiri Khan and Rayong provinces
from Jan 2006 to May 2008 (Table 4.1). All samples were isolated the pathogen to be pure

culture, identification and pathogenicity tests.

Table 4.1 Diseased samples collected from root rot of pineapple.

Collection Locations number of Isolates

date samples

Phatthalung province

Jan 2006 -Pabon 15 PT101, PT102, PT108, PT301, PT501, PT701,
PT901

Apr 2006 -Pabak 12 PT205, PT206, PT207

Apr 2008 -Pabon 12 PT304, PT305, PT307, PT401

Rayong province

Dec 2007 -Nicomphatthana 15 RY201, RY301, RY302, RY501, RY502,
RY503, RY504, RY505

Dec 2007 -Pluakdeang 12 RY601, RY603, RY701

May 2008 -Nicomphatthana 15 RY801, RY802, RY803, RY804, RY805,
RY806, RY807, RY808

Prachuap Khiri Khan province

Jan 2008 -Aownoiy 12 PJ104, PJ106, PJ108, PJ201, PJ202

Petchaburi province

Feb 2008 -Cha-am 11 PB201, PB108, PB202, PB206, PB301, PB302

Code: PT = Phatthalung, RY = Rayong, PJ = Prachuap Khiri Khan, PB = Petchaburi. The first number was

No. of soil sambles followed by No. of isolates.
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4.1.2 Isolation and Identification
Forty-four isolates were morphology identified as Pythium spp., and 15 isolates were P.
aphanidermatum which isolated from Phatthalung, Rayong and Petchaburi provinces and 29
isolates were P. graminicola which isolated from Phatthalung, Rayong and Prachuap Khiri Khan
provinces. The descriptions were presented in Table 4.2, 4.3, Figs. 4.1-4.44 and described as

follows:-

Pythium aphanidermatum (Edson) Fitzp., Mycologia 15(4): 168(1923) Figs.4.1-4.15
Colony on PDA, radiate with cottony aerial mycelia; hyphae branched, 1.90-5.03 um in

diameter; sporangia inflacted filamentous that were branched, forming irregular toruloid

complexes, Oogonia spherical, terminal and intercalary, measuring 20.24-26.46 um in diameter ;

Antheridia 1-2 per oogonium; oospore aplerotic, spherical, single, smooth-walled, measuring

16.63-22.90 um in diameter.

Isolate examined: PT305, PT307, RY801, RY802, RY803, RY804, RY805, RY806, RY807,

RY808, PJ104, PJ106, PJ108, PJ201 and PJ202.
Collection location: PT=Phatthalung, RY=Rayong, PJ=Prachuap Khiri Khan.

Pythium graminicola Subraman., Bulletin of Agric.Res. Inst.Pus. 177: 1(1928)  Figs.4.16-4.44
Colony on PDA, rosette, hyphae branched, 1.83-4.48 um in diameter; sporangia inflacted
filamentous that were branched, forming irregular toruloid complexes; Oogonia spherical,
terminal and intercalary, measuring 20.08-25.88 um in diameter; antheridia 1-6 per oogonium;
oospore plerotic, spherical, single, smooth-walled, measuring 15.23-22.48 um in diameter.
Isolate examined: PT101, PT102, PT108, PT301, PT501, PT701, PT901, PT205, PT206, PT207,
PT304, PT401, RY201, RY301, RY302, RY501, RY502, RY503, RY504,
RY505, RY601, RY603, RY701, PB108, PB201, PB202, PB206, PB301,
PB302.

Collection location: PT=Phatthalung, RY=Rayong, PB=Petchaburi.
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CHAPTER 5

DISCUSSION

In this study, 2 species of Pythium were isolated from soil and roots of pineapple causing
root rot by baiting technique. They were identified as P. aphanidermatum and P. graminicola.
Both P. aphanidermatum and P. graminicola belong to Oomycetes in order Peronosporales. The
hypha is hyaline, no septate except in old. The asexual spores are filamentous-inflated sporangia,
branched forming irregular toruloid complexes. To differentiate P. aphanidermatum from
P. graminicola required examination under a compound microscope of oogonia and antheridia.
Oospores are the sexual spores and in case of P. aphanidermatum, they are apluerotic oogonium
(oospore does not fill the oogonium) with 1-2 antheridia while P. graminicola forms pluerotic
oogonium (oospore fill the oogonium) with 1-6 antheridia. The size and shape of sporangia,
oogonia, antheridia and oospores of P. aphanidermatum and P. graminicola isolated from
pineapple root rot were in agreement with the descriptions in the literature (van der Plaats-
Niterink. 1981). Morphological examinations in P. aphanidermatum demonstrated that the size
of oogonia and oospores, and the sporangia feature are similar to P. graminicola. However, they
can be distinguished by the number of antheridium/oogonium. In a study of the ITS rDNA
sequence, both P. aphanidermatum and P. graminicola belonged to clade A which were
characterized by filamentous sporangia. These results suggested that P. aphanidermatum and
P. graminicola were closely related. The phylogeny based on ITS sequences in this study agrees
well with the phylogeny constructed from 116 species of Pythium based on the ITS region of the
nuclear ribosomal DNA (André Lévesque and De Cock. 2004). The clusters A-D and E-J in the
study by André Lévesque and De Cock (2004) correspond to the cluters A and B in this study,
respectively.

Although 15 isolates of P. aphan-idermatum and 29 isolates of P. graminicola were
proved to be pathogenic to pineapple on detached leaves, P. aphanidermatum RY803 showed
significantly highest of disease serevity index on root. The results suggested that P.
aphanidermatum RY 803 was the most virulent on pineapple root. Pineapple root rot caused by P.
aphanidermatum has been previously reported by Gonsalves (1994), Department of Agriculture,

Ministry of Agriculture and cooperatives, Thailand (2008). Furthermore, P. aphanidermatum has
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been reported as a pathogen of several plants eg. beets, chrysanthemum, cotton, cucurbits, grasses
and pepper (Gonsalves. 1994).

Bi-culture test between 42 isolates of promissing antagonistic fungi and P.
aphanidermatum RY803 were studied. C. aureum MB601, C bostrychodes PR101, C.
cochliodes RY301, C. cupreum NB201, C. cupreum RY202, Gliocladium catenulatum RY102,
G.. catenulatum RY111, Trichoderma harzianum RY 101, T. harzianum RY 104 and
Trichoderma harzianum RY 112 could inhibit the mycelial growth and oospore formation of P.
aphanidermatum RY803 over 80%. With this, C. cupreum, G. catenulatum and T. harzianum
have well known to be antagonist for plant disease control (Soytong. 1992a; 1992b; Biren e al.
1999; Ezziyyani et al. 2007). C. cupreum had been reported to reduce leaf spot disease of com
caused by Curvularia lunata, rice blast caused by Pyricularia oryzae, sheath blight of rice caused
by Rhizoctonia oryzae and tomato wilt caused by Fusarium oxysporum f.sp. lycopersici (Soytong.
1992a; 1992b). G. catenulatum was a mycoparasite of several fungal genera including
Aspergillus flavus and Sclerotium cepivorum (Biren et al. 1999; Tsigbey et al. 1999). T.
harzianum had also been reported as biocontrol agent for controlling Phytophthora capsici
(Ezziyyani et al. 2007) and Pythium ultimum (Naseby et al. 2000). The results indicated that one
of them could be an effective antagonist against P. aphanidermatum RY803 causing pineapple
root rot. Therefore, crude extracts from selected isolates were tested to screen the most efficient
antagonist for controlling pineapple root rot caused by P. aphanidermatum RY803. Based on the
result crude EtOAc extract of C. cochliodes RY301 was found to be the greatest antagonist
against P. aphanidermatum RY803 causing root rot of pineapple due to it could inhibit cospore
formation of P. aphanidermatum RY803 at ED,, value of 64 pm/ml and formed abnormal of
hyphae, oogonia and oospores. This research finding may involve in antibiosis for control
mechanism. However, C. cochliodes RY301 may produce some antibiotic substance as
previously reported by Phonkerd et al. (2008) who indicated that C. cochliodes VThO1 and
C. cochliodes CThO5 could produce four new dimeric spiro-azaplilones, cochliodones A-D, two
new azaphiliones, chaetoviridines E and F, a new epi-chaetoviridin A, and known compounds,
chaetoviridin A, ergosterol, chaetochalasin A. Chaetoviridines E and chaetochalasin A exhibited
antimalarial activity against Plasmodium falcipulum while cochliodones C, chaetoviridines E and
F, chaetochalasin A expressed antimycobacterial activity against Mycobacterium tuberculosis.
Furthermore, C. cochliodes VThO1 and C. cochliodes CThO5 were reported to be antagonistic to

Fusarium oxysporum f. Sp. lycopersici causing tomato wilt (Phonkerd et al. 2008). Therefore, it
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is implied that C. cochliodes RY301 might have the similar active compounds that could be
antagonist against P. aphanidermatum RY803. In this study, it was pointed out that C. cochliodes
RY301 could exhibit inhibitory activity against P. aphanidermatum RY803.

During a study on antagonistic fungi for controlling root rot disease of pineapple, numerous
strains of Chaetomium were isolated from soil by baiting technique. Four species were reported
to be new records in Thailand as follows: C. carinthiacum, C. flavigenum, C. perlucidum and C.
succineum. One of the isolates could not be identified as any species of Chaetomium and is
therefore described as new. In this study describes this species as Chaetomium siamense sp. nov.
Chaetomium is a large ascomycetous fungus with species inhabiting various substrates containing
cellulose including paper and plant compost. Since the genus was reviewed by von Arx.ef al.
(1986), some new species have been described as follows:- C. biporatum (Cano and Guarro.
1987), C. histoplasmoides (Carris and Glawe. 1987), C. sinaiense (Mustafa and Ezz El din. 1989),
C. subcurvisporum (Abdullah and Al-Bader. 1989), C. myricicola (Horie and Udagawa. 1990), C.
mesopotamicum (Abdullah and Zora. 1993), C. novae-caledonicum (Udagawa et al. 1994), C.
Sfloriforme (Gené and Guarro. 1996), C. cuyabenoensis (Decock and Hennebert. 1997), C.
umbratile (Udagawa et al. 1997), C. macrostiolatum, C. olivicolor and C. tarraconensis
(Rodriguez et al. 2002), C. acropullum (Wang and Zheng. 2005a) and C. ampulliellum (Wang
and Zheng. 2005b). C. siamense sp. nov. can be distinguished from the previously published
species by superficial, -spherical or ovate ascomata with angular brown-walled; ascomatal hairs
red or orange-red in reflected light, arcuate, apically circinate or coiled, septate, fusiform
ascospores with two apical germ pores. At first sight, the new species was suspected to be C.
cupreum Ames. because its morphological characters were similar to C. cupreum which have
been described by Seth (1970), von Arx et al. (1986), Soytong and Quimio (1989), Petcharat and
Soytong (1991). Both of the species share features of diffusing red pigment in to agar medium
and their ascomata superficial, spherical or ovate with angular brown-walled; ascomatal hairs red,
arcuate, apically circinate or coiled, septate. However, the new species can be easily
distinguished from C. cupreum by the ascospore morphology according to scanning electron
microscopic features. C. siamense sp. nov. have longer and fusiform ascospores (4.3-6.0 x 11.1-
13.5 pm) with two apical germ pores whereas ascospores of C. cupreum are reniform (4.5-6 x 7-
10 pm) with a single apical germ pore.

In pot experiment C. cochliodes RY301 applied as formulations of oil and powder were

not significantly different from the metalaxyl treatment in reducing root rot of pineapple. The
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experiment revealed that the biofungicide from C. cochliodes RY301 in formulation of oil and
powder have been successfully used to control pineapple root rot. Moreover, C. cochliodes
RY301 in formulation of oil gave the highest fresh weigh of plant and root. Biofungicide from C.
cochliodes have not been reported but there are reported that C. cochliodes VTh 01 and C.
cochliodes CTh 05 could act as antagonist for controlling tomato wilt caused by Fusarium
oxysporum f sp lycopersici (Phonkerd et al. 2008). The previously research has successfully
been applied biofungicide in the form of pellet and powder formulations developed from
Chaetomium cupreum and C. globosum for the long term protection of Durian and Black Pepper
caused by Phytophthora palmivora, Tangerine caused by Ph. parasitica and Strawberry caused

by Ph. cactorum (Soytong et al. 2001).



CHAPTER 6

CONCLUSION

Biological control is an altenative disease management strategy when growers are
concerned about phytotoxicity from fungicides. For study on biological control of pineapple root
rot, forty-four isolates of Pythium spp. were isolated from the disease epidemic planting areas of
pineapple variety. Pattavia at Petchaburi, Phatthalung, Prachuap Khiri Khan and Rayong
provinces from Jan 2006 to May 2008. Forty-four isolates of pathogen were encountered by
baiting technique. All isolates were identified using the monograph provided by Plaats-Niterink
and confirmed by their ITS region of the nuclear rDNA. Fifteen isolates from Phatthalung,
Rayong and Petchaburi provinces were identified by their morphological characters as P.
aphanidermatum whereas 29 isolates from Phatthalung, Rayong and Prachuap Khiri Khan
provinces were identified as P. graminicola. Morpl;ological examinations in P. aphanidermatum
were found that the size of oogonia and oospores, and the sporangia feature were similar to P.
graminicola. However, they can be distinguished by the number of antheridium/oogonium. Both
P. aphanidermatum and P. graminicola were characterized by hyaline hyphae, mycelium no
septate except in old, filamentous-inflated sporangia. To differentiate P. aphanidermatum from P.
graminicola required examination under a microscope of oogonia and antheridia. Oospores of P.
aphanidermatum were apluerotic oogonium with 1-2 antheridia while P. graminicola forms
pluerotic oogonium with 1-6 antheridia.

All isolates of P. aphanidermatum, P. graminicola from pineapple root rot and other
species retrieved from GenBank were compared from molecular and morphological viewpoints.
They were divided into four groups (A, B, C and D) based on the phylogenetic analysis of ITS
sequences. Clade A, B, C and D comprised 3, 53, 4 and 13 isolates, respectively. All isolates
were proved to be pathogenic to pineapple root by detached leaves and root test. Pythium
aphanidermatum RY803 from Rayong provinces gave more virulent than any other isolates while
Pythium graminicola was the first reported causing root rot of pineapple in Thailand. Therefore,
P. aphanidermatum RY803 was used for screening antatonistic fungi by bi-culture plate and

crude extract test.



122

Forty-two isolates of soil fungi isolated by baiting technique and soil plate technique for
screening antagonist. Species discovered by baiting technique included: Chaetomium aureum
(MB103, MB601, MB603, MB608 and RY102), C. bostrychodes (PR101, PR102, PR103 and
NB701), C. basiliense (AM101), C. carinthiacum (NB501), C. cochliodes (RY301), C.
cupreum (NB102, RY201, RY202 and RY204), C. flavigenum (MB402, MB604, MB606,
MB607 and MB611), C. fusiforme (NB401 and MB605), C. perlucidum (NB202 and MB501)
and C. succineum (MB304 and MB305), and species discovered by soil plate technique included:
Aspergillus niger(AP101), C. cupreum (SO101), Emericella nidulans (EN101), E. rugulosa
(ER101), Eurotium chevalieri (EU101), Gliocladium catenulatum (RY102,RY109 and RY111),
Penicillium janthinellum (PN101), Trichoderma hamatum (PT101) and T. harzianum (RY101,
RY104 and RY112). During a study on antagonistic fungi for controlling root rot disease of
pineapple, 2 isolates of Chatomium (MB303 and MB502) could not be identified as any species
of Chaetomium and were therefore described as new. These species were describes as
Chaetomium siamense sp. nov. Morphological features of this new species, together with the
sequences of the ITS region of its rDNA and its comparison with related species are discussed.
The fungus is distinguished by its ovate ascomata with red circinate ascomatal hairs, and fusiform
ascospores with two apical germ pores. In addition, Phylogenetic analysis of ITS rtDNA sequence
data supports that C. siamense as a distinct species.

All of the promising antagonists were tested for their ability to control P.
aphanidermatum RY803 in bi-culture plate. Bi-culture test for antagonism showed that C,
aureum MB601, C bostrychodes PR101, C. cochliodes RY301, C. cupreum NB201, C.
cupreum RY202, Gliocadium catenulatum RY102, G. catenulatum RY111, Trichoderma
harzianum RY 101, Trichoderma harzianum RY 104 and Trichoderma harzianum RY 112 gave
both mycelial growth and oospores inhibition activity to P. aphanidermatum RY803 over 80%.
These 10 promising antagonists were extracted with Hexane, Ethy acetate and Methanol. Each
crude extract was prepared to different concentrations (0, 10, 50, 100, 500 and 1,000 pg/ml) and
tested against P. aphanidermatum RY803. The crude Ethyl acetate extracts of C. cochliodes
RY301 at the rate of 1,000 pg/ml gave significantly the highest inhibition of mycelial growth and
oospores formation by 71.00 and 88.95%, respectively and ED,, at 64 pg/ml. Moreover, the
hyphae, oogonia and oospores of the pathogen formed abnormal protoplasm in cell and
demonstrated uncommon shape. Therefore, C. cochliodes RY301 was used as antagonist to

control root rot of pineapple in pot experiment.
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Biological control of pineapple root rot using Chaetomium cochliodes RY301 was
determined in pot experiments at 5 months. C. cochliodes RY301 was prepared in formulations
of oil and powder before applying to infested pots at 10 ml/plant and 10 g/plant, respectively.
The result showed that C. cochliodes RY301 in oil form gave highest fresh weight of pineapple
plant'while non-treated plant, treated with C. cochliodes RY301 in powder form and treated with
metalaxyl were nonsignificant. Moreover, C. cochliodes RY301 in oil form gave greater plant
growth than non-treated plants. This implies that C. cochliodes RY301 could act as biofungicide
and plant growth stimulant.

It is concluded from the study that P aphanidermatum RY 803 is a pathogen causing root
rot of pineapple and it can be effectively managed by using biocontrol agents. C. cochliodes
RY301 in oil and powder formulations were effectively inhibited P aphanidermatum RY803.
Moreover, the oil formulation of C. cochliodes RY301 can be used as plant growth promotion and

the materials used in the preparation of the oil formulation are readily available and inexpensive.
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APPENDIX A

STATISTICAL ANALYSIS

Table A.1 Pathogenicity test of all isolates using detached leaves method.

Lesion diameter(cm)
Obtained isolates
R1 R2 R3 R4 Means
control 0 0 0 0 0
Pythium graminicola PT101 0.9 0.9 0.9 0.93 0.91
Pythium graminicola PT102 0.98 1.03 1.01 0.98 1.00
Pythium graminicola PT108 1 1 1.01 1.03 1.01
Pythium graminicola PT301 0.9 0.88 0.88 0.9 0.89
Pythium graminicola PT501 0.93 0.9 0.9 0.93 0.92
Pythium graminicola PT701 0.98 0.9 0.96 0.9 0.94
Pythium graminicola PT901 0.96 0.94 0.95 0.96 0.95
Pythium graminicola PT205 1.05 0.95 1 1 1.00
Pythium graminicola PT206 0.8 0.8 0.8 0.8 0.80
Pythium graminicola PT207 0.94 0.96 0.98 0.98 0.97
Pythium graminicola PT304 0.9 0.93 0.9 0.93 0.92
Pythium aphanidermatum PT305 2.87 3.42 3.13 3.15 3.14
Pythium aphanidermatum PT307 2.5 2.09 2.38 2 224
Pythium graminicola PT401 1.05 1 1.05 1 1.03
Pythium graminicola RY201 0.93 1.05 0.98 09 0.97
Pythium graminicola RY301 0.94 0.94 0.93 0.94 0.94
Pythium graminicola RY302 0.94 0.93 0.92 0.94 0.93
Pythium graminicola RY501 1.05 0.95 1 1 1.00
Pythium graminicola RY502 1.12 1.2 1.2 1.15 1.17
Pythium graminicola RY503 0.8 0.85 0.83 0.83 0.83
Pythium graminicola RY504 0.75 0.73 0.8 0.7 0.75
Pythium graminicola RY505 0.85 0.75 0.83 0.8 0.81
Pythium graminicola RY601 1 0.95 1.08 1.1 1.03

Pythium graminicola RY603 0.85 0.9 0.9 0.9 0.89
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Table A.1 (continued) Pathogenicity test of all isolates using detached leaves method.

Lesion diameter(cm)

Obtained isolates
R1 R2 R3 R4 Means
Pythium graminicola RY701 0.5 0.58 0.5 0.5 0.52
Pythium aphanidermatum RY 801 7.25 7.25 1.5 6.8 7.20
Pythium aphanidermatum RY 802 7.5 6.8 715 6.55 7.09
Pythium aphanidermatum RY803 6.55 15 7.5 1.5 7.26
Pythium aphanidermatum RY804 7.45 5.85 7.5 715 7.08
Pythium aphanidermatum RY805 438 4.85 472 4.8 4.69
Pythium aphanidermatum RY806 2.8 3.15 3.66 3.5 3.28
Pythium aphanidermatum RY 807 3.68 3.6 3.72 3.7 3.68
Pythium aphanidermatum RY808 1.2 1 1.2 1.68 1.27
Pythium aphanidermatum PJ104 0.95 0.96 0.98 0.95 0.96
Pythium aphanidermatum PJ106 0.8 0.85 0.85 0.83 0.83
Pythium aphanidermatum PJ108 0.9 0.9 1.1 1.2 1.03
Pythium aphanidermatum PJ201 1 1.32 0.95 0.9 1.04
Pythium aphanidermatum PJ202 0.95 1.9 1.5 1.6 1.49
Pythium graminicola PB108 0.8 0.98 0.85 0.85 0.87
Pythium graminicola PB201 1 1 1.05 0.95 1.00
Pythium graminicola PB202 0.5 0.5 0.5 0.5 0.50
Pythium graminicola PB206 0.55 0.5 0.5 0.5 0.51
Pythium graminicola PB301 0.7 0.85 0.8 08 0.79
Pythium graminicola PB302 0.6 0.6 0.5 0.65 0.59

Table A.1 Analysis of variance of pathogenicity test of all isolates using detached leaves method.

Source of df Ss MS F F.05 F.01
variation
Treatment 44 650.1952 14.7772 358.00 1.50 1.76
Ex. Error 35 5.5724 0.0413
Total 79 655.7676 3.6635

** significant difference at P=0.01, GRAND MEAN = 1.7258 , CV = 11.7721%
LSD 0.05 = 0.2844, LSD 0.01 =0.3759
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Table A.2 Pathogenicity test of four aggressive isolates by root inoculation.

disease severity index (DSI)

Isolates
R1 R2 R3 R4 Means
P. aphanidermatum RY801 2 3 3 3 2.75
P. aphanidermatum RY802 3 3 4 3 3.25
P. aphanidermatum RY803 5 5 5 5 5.00
P. aphanidermatum RY804 5 4 5 4 4.50
control 1 1 1 1 1.00

Table A.2 Analysis of variance of pathogenicity test of four aggressive isolates by root inoculation.

Source of
df SS MS F F.05 F.01
variation
Treatment 4 39.7000 9.9250 59.55 3.06 4.89
Ex. Error 15 2.5000 0.1667
Total 19 42.2000 22211

** significant difference at P=0.01, GRAND MEAN = 3.3
Cv =12.3712%

LSD 0.05=0.6151

LSD 0.01 =0.8507

Table A.3 Percent inhibition on growth of Pythium aphanidermatum RY803 by promising

antagonistic fungi on PDA at room temperature for 20 days.

Growth inhibition (%)
promising antagonistic fungi
R1 R2 R3 R4 Means
Aspergillus niger AP101 0.00 0.25 0.00 0.00 0.06

Chaetomium aureum MB103 68.89 65.56 77.78 71.11 70.84
Chaetomium aureum MB601 84.56 83.33 78.89 82.22 82.25
Chaetomium aureum MB603 44.22 38.11 41.00 45.56 42.22
Chaetomium aureum MB608 57.78 54.11 64.22 60.67 59.20

Chaetomium aureum RY102 50.00 46.67 44.44 45.56 46.67
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Table A3 (Continued) Percent inhibition on growth of Pythium aphanidermatum RY803 by

promising antagonistic fungi on PDA at room temperature for 20 days.

Growth inhibition (%)
promising antagonistic fungi

R1 R2 R3 R4 Means

Chaetomium bostrychodes NB701 10.00 4.44 5.56 8.89 7.22
Chaetomium bostrychodes PR101 100.00 94.44 97.78 100.00 98.06
Chaetomium bostrychodes PR102 70.44 74.67 70.00 70.22 71.33
Chaetomium bostrychodes PR103 8.11 8.67 6.78 10.11 8.42
Chaetomium brasiliense AM101 77.44 69.78 72.44 72.00 72.92
Chaetomium carinthiacum NB501 14.44 14.44 13.33 13.33 13.89
Chaetomium cochliodes RY301 89.33 88.89 87.78 90.00 89.00
Chaetomium cupreum NB102 90.00 88.89 91.11 88.89 89.72
Chaetomium cupreum RY201 88.89 86.67 83.33 88.89 86.95
Chaetomium cupreum RY202 83.33 80.00 80.00 83.33 81.67
Chaetomium cupreum RY204 57.78 55.56 61.11 55.56 57.50
Chaetomium cupreum SO101 50.00 44 .44 46.67 44.44 46.39
Chaetomium flavigenum MB402 0.00 5.56 4.44 0.00 2.50
Chaetomium flavigenum MB604 7222 66.67 68.89 66.67 68.61
Chaetomium flavigenum MB606 0.00 0.00 0.00 0.00 0.00
Chaetomium flavigenum MB607 88.89 83.33 88.89 88.89 87.50
Chaetomium flavigenum MB611 77.78 75.56 61.11 66.67 70.28
Chaetomium fusiforme MB605 38.89 0.00 50.00 0.00 2222
Chaetomium fusiforme NB401 66.67 72.22 77.78 68.89 71.39
Chaetomium perlucidum MB501 0.00 0.00 0.00 0.00 0.00
Chaetomium perlucidum NB202 0.00 0.00 0.00 0.00 0.00
Chaetomium siamense MB303 0.00 8.89 11.11 0.00 5.00
Chaetomium siamense MB502 61.11 61.11 55.56 50.00 56.95
Chaetomium succineum MB304 8.89 12.22 11.11 1n.n 10.83
Chaetomium succineum MB305 0.00 1111 0.00 11.11 5.56
Emericella nidulans EN101 14.57 13.46 13.62 13.89 13.89
Emericella rugulosa ER101 66.67 72.22 66.67 72.22 69.45
Eurotium chevalieri EU101 38.89 33.33 33.33 38.88 36.11

Gliocladium catenulatum RY 102 100.00 100.00 100.00 100.00 100
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Table A.3 (Continued) Percent inhibition on growth of Pythium aphanidermatum RY803 by

promising antagonistic fungi on PDA at room temperature for 20 days.

Growth inhibition (%)
promising antagonistic fungi
R1 R2 R3 R4 Means

Gliocladium catenulatum RY 109 16.67 11.11 11.11 16.67 13.89
Gliocladium catenulatum. RY111 71.78 77.78 100.00 100.00 88.89
Penicillium janthinellum PN101 0.00 0.00 0.00 0.00 0.00

Trichoderma hamatum PT101 2222 11.11 2222 22.22 19.44 .
Trichoderma harzianum RY101 88.89 94.44 88.89 88.89 90.28
Trichoderma harzianum RY104 100.00 100.00 100.00 100.00 100
Trichoderma harzianum RY112 100.00 100.00 100.00 100.00 100

Table A.3 Analysis of variance of percent inhibition on growth of Pythium aphanidermatum RY803

by promising antagonistic fungi on PDA at room temperature for 20 days.

Source of variation  df SS MS F F.05 F.01
Treatment a1 210304 5129.3871 16834 1.50 1.67
Ex. Error 26 38392270  30.4701

Total T 67 214144.0971  1282.3000

** significant difference at P=0.01
GRAND MEAN =49.6058
CV=11.1276 %

LSD 0.05=17.7283

LSD 0.01=10.2146

Table A.4 (Continued) Percent inhibition on oospores of Pythium aphanidermatum RY803 by

promising antagonistic fungi on PDA at room temperature for 20 days.

Oospore inhibition (%)

promising antagonistic fungi

R1 R2 R3 R4 Means
Aspergillus niger AP101 0.30 0.20 0.29 0.19 0.25
Chaetomium aureum MB103 68.89 65.56 77.78 71.11 70.84

Chaetomium aureum MB601 85.01 86.51 83.92 82.17 84.40
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Table A.4 (Continued) Percent inhibition on oospores of Pythium aphanidermatum RY803 by

promising antagonistic fungi on PDA at room temperature for 20 days.

Oospore inhibition (%)

promising antagonistic fungi

R1 R2 R3 R4 Means

Chaetomium aureum MB603 44,22 38.11 41.00 45.56 4222
Chaetomium aureum MBG608 51.98 45.54 53.17 46.26 49.24
Chaetomium aureum RY102 50.00 47.32 50.47 4741 48.80
Chaetomium bostrychodes NB701 28.72 27.98 29.30 28.81 28.70
Chaetomium bostrychodes PR101 88.63 83.50 86.61 88.96 86.93
Chaetomium bostrychodes PR102 50.00 47.32 50.47 4741 48.80
Chaetomium bostrychodes PR103 3241 41.36 36.39 41.32 37.87
Chaetomium brasiliense AM101 70.06 65.27 69.20 74.65 69.80
Chaetomium carinthiacum NB501 6.62 8.70 7.60 6.42 7.34
Chaetomium cochliodes RY301 90.16 92.23 93.87 92.43 92.17
Chaetomium cupreum NB102 80.82 89.95 90.07 79.80 85.16
Chaetomium cupreum RY201 78.48 71.93 76.09 74.46 75.24
Chaetomium cupreum RY202 79.02 85.38 80.84 81.42 81.67
Chaetomium cupreum RY204 61.26 59.78 58.25 57.85 59.29
Chaetomium cupreum SO101 54.90 52.00 53.64 49.55 52.52
Chaetomium flavigenum MB402 9.74 9.64 9.98 8.73 9.52
Chaetomium flavigenum MB604 50.24 54.23 55.83 58.28 54.65
Chaetomium flavigenum MB606 595 8.94 4.59 6.02 6.38
Chaetomium flavigenum MB607 66.47 65.78 66.47 64.81 65.88
Chaetomium flavigenum MB611 57.25 55.03 55.24 52.05 54.89
Chaetomium fusiforme MB605 22.02 16.67 12.18 19.40 17.57
Chaetomium fusiforme NB401 54.06 47.97 50.09 48.32 50.11
Chaetomium perlucidum MB501 1.99 1.42 2.87 431 2.65
Chaetomium perlucidum NB202 295 0.19 0.10 222 1.37
Chaetomium siamense MB303 12.17 17.97 17.77 12.87 15.20
Chaetomium siamense MB502 61.11 61.11 55.56 50.00 56.95
Chaetomium succineum MB304 6.59 7.49 6.27 6.12 6.62

‘Chaetomium succineum MB305 3.57 2.38 1.39 2.65 2.50

86
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Table A.4 (Continued) Percent inhibition on oospores of Pythium aphanidermatum RY803 by

promising antagonistic fungi on PDA at room temperature for 20 days.

Oospore inhibition (%)

promising antagonistic fungi

R1 R2 R3 R4 Means
Emericella nidulans EN101 47.94 47.24 47.27 52.06 48.63
Emericella rugulosa ER101 50.51 46.94 50.09 39.70 46.81
Eurotium chevalieri EU101 41.68 37.21 38.05 35.66 38.15
Gliocladium catenulatum RY102 92.61 92.44 87.99 92.71 91.44
Gliocladium catenulatum RY109 18.00 20.22 19.85 19.60 19.42
Gliocladium catenulatum. RY111 85.52 82.37 84.00 83.08 83.74
Penicillium janthinellum PN101 1.76 533 3.53 4.09 3.68
Trichoderma hamatum PT101 58.07 57.31 57.52 57.717 56.95
Trichoderma harzianum RY101 80.04 80.52 79.24 81.27 80.27
Trichoderma harzianum RY104 100.00 100.00 100.00 100.00 100
Trichoderma harzianum RY 112 100.00 100.00 100.00 100.00 100

Table A.4 Analysis of variance of percent inhibition on oospores of Pythium aphanidermatum

RY803 by promising antagonistic fungi on PDA at room temperature for 20 days.

Source of variation daf SS MS F F.05 F.01
Treatment 41 1597673232 3896.7640 55292 1.50 1.76
Ex. Error 26 887.9959 7.0476
Total 67 160655.3192 962.007§

** significant difference at P=0.01
GRAND MEAN = 48.4589
CV=54783%

LSD 0.05=3.7168

LSD 0.01 =4.9125

66
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Table. A.5 Effect of crude extracts from. promising antagonistic fungi on mycelial growth of
Pythium aphanidermatum RY803 at 100 pg/ml.

Colony diameter of Pythium aphanidermatum RY803 (cm)

promising antagonistic fungi Crude extracts
) R1 R2 R3 R4 Means
Chacetomium aureum MB601 Hexane 5 5 5 5 5
EtOAc 5 5 5 5 5
MeOH 5 5 5 5 5
Chaetomium bostrychodes PR101 Hexane 5 5 5 5 5
EtOAc 5 5 5 5 5
MeOH 5 5 5 5 5
Chaetomium cochliodes RY301 Hexane 5 5 5 5 5
EtOAc 2.80 3.40 3.40 3.30 323
MeOH 5 5 5 5 5
Chaetomium cupreum NB201 Hexane 5 5 5 5 5
EtOAc 5 5 5 5 5
MeOH 5 5 5 5 5
Chaetorsium cupreum RY202 Hexane 5 5 5 5 5
EtOAc 5 5 5 5 5
MeOH 5 5 5 5 5
Gliocladium catenulatum RY 102 Hexane 5 5 5 5 5
EtOAc 5 5 5 5 5
MeOH 5 5 5 5 5
Gliocladium catenulatum RY111 Hexane 5 5 5 5 5
EtOAc 5 5 5 5 5
~ MeOH 5 5 5 s 5
Trichoderma harzianum RY101 Hexane 5 5 5 5 5
EtOAc 5 5 5 5 5
MeOH 5 5 5 5 5
Trichoderma harzianum RY104 Hexane 5 5 5 5 5
EtOAc 5 5 5 5 5
MeOH 5 5 5 5 5
Trichoderma harzianum RY112 Hexane 5 5 5 5 5
EtOAc 5 5 5 5 5

MeOH 5 5 5 5 5
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Table A.5 Analysis of variance of effect of crude extracts from promising antagonistic fungi on

mycelial growth of Pythium aphanidermatum RY803 at 100 pg/ml.

Source of variation daf SS MS F F.05 F.01
Treatment 29 12.1824 0.4201 152.76" 1.65 2.03
Ex. Error 90 0.2475 0.0028
Total 119 12.4299 0.1045

** significant difference at P=0.01
GRAND MEAN = 4,9408
CV=1.0614%

LSD 0.05 = 0.0734

LSD 0.01 =9.7040

Table. A.6 (Continued) Effect of crude extracts from promising antagonistic fungi on mycelial

growth of Pythium aphanidermatum RY803 at 500 pg/ml.

Promising antagonistic fungi Crude extracts

Colony diameter of Pythium aphanidermatum RY803 (cm)

R1

R2

R3

R4

Means

Chaetomium aureum MB601 Hexane
EtOAc
MeOH
Chaetomium bostrychodes PR101 Hexane
EtOAc
MeOH
Chaetomium cochliodes RY301 Hexane
EtOAc
MeOH
Chaetomium cupreum NB201 Hexane
EtOAc
MeOH
Chaetomium cupreum RY202 Hexane
EtOAc
MeOH

5
5

5

[V T V. B V]

(V. B Y

[ TV BT T Y N

5
5
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Table. A.6 (Continued) Effect of crude extracts from promising antagonistic fungi on mycelial

growth of Pythium aphanidermatum RY803 at 500 pg/ml.

Colony diameter of Pythium aphanidermatum RY803 (cm)

Promising antagonistic fungi Crude extracts-
R1 R2 R3 R4 Means
Glbche;lum catenulatum RY 102 Hexane 5 5 5 5 5
EtOAc 5 5 5 5 5
MeOR 5 5 5 5 5
Gliocladium catenulatum RY111 Hexane 5 5 5 5 5
EtOAc 5 5 5 5 5
MeOH 5 5 5 5 5
Trichoderma harzianum RY 101 Hexane 5 5 5 5 5
EtOAc 5 5 5 5 5
MeOH 5 5 5 5 5
Trichoderma harzianum RY 104 Hexane 5 5 5 5 ) 5
EtOAc 5 5 5 5 5
MeOH 5 5 5 5 5
Trichoderma harzianum RY 112 Hexane 5 5 5 5 5
EtOAc 2.80 3.00 2.70 2.50 275
MeOH 5 5 5 5 5

Table A.6 Analysis of variance of effect of crude extracts from promising antagonistic fungi on

mycelial growth of Pythium aphanidermatum RY803 at 500 pg/ml.

Source of variation df SS MS F F.05 F.01
Treatment 29 56.6484 19534 111623 1.65 2.03
Ex. Error 90 0.1575 0.0017
Total 119 56.8059 04774

** significant difference at P=0.01
GRAND MEAN = 4.8191
CV=0.8681 %

LSD 0.05 = 5.8569

LSD 0.01 =7.7411
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Table. A.7 (Continued) Effect of crude extracts from promising antagonistic fungi on mycelial

growth of Pythium aphanidermatum RY803 at 1,000 pg/ml.

Colony diameter” of Pythium aphanidermatum RY803

Promising antagonistic fungi Crude extracts
R1 R2 R3 R4 Means
Chaetomium aureum MB601 Hexane ) 5 5 5 5 5
EtOAc 5 5 5 5 5
MeOH 5 5 5 5 5
Chaetomium bostrychodes PR101 Hexane 5 5 5 5 5
EtOAc 5 5 5 5 5
MeOH 5 5 5 5 5
Chaetomium cochliodes RY301 Hexane 5 5 5 5 5
EtOAc 1.40 1.50 1.50 140 1.45
" MeOH 5 5 5 5 5
Chaetomium cupreum NB201 Hexane 5 5 5 5 5
EtOAc 5 5 5 5 5
MeOH 5 5 5 5
Chaetomium cupreum RY202 Hexane 5 5 5 5 5
EtOAc 5 5 5 5 5
MeOH 5 5 5 5 5
Gliocladium catenulatum RY 102 Hexane 5 5 5 5 5
EtOAc 5 5 5 5 5
MeOH 5 5 5 5
Gliocladium catenulatum RY111 Hexane 5 5 5 5 5
EtOAc 5 5 .5 5 5
MeOH 5 5 5 5
Trichoderma harzianum RY 101 Hexane 5 5 5 5 5
EtOAc 5 5 5 5
MeOH 5 5 5 5 5
Trichoderma harzianum RY 104 Hexane 5 5 5 5 5
EtOAc 5 5 5 5 5
MeOH 5 5 5 5 5
Trichoderma harzianum RY112 Hexane 5 5 5 5 5
EtOAc 1.60 1.40 130 1.60 1.48
MeOH 5 5 5 5 5
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Table A.7 Analysis of variance of effect of crude extracts from promising antagonistic fungi on

mycelial growth of Pythium aphanidermatum RY803 at 1,000 pg/ml.

Source of variation daf SS MS F F.05 F.01
Treatment 29 93.4383 32220  3741.69" 1.65 2.03
Ex. Error 90 0.0775 0.0009
Total 119  93.5159 0.7858

** significant difference at P=0.01
GRAND MEAN = 4.7641

CV =0.6159 %

LSD 0.05 = 4.1084

LSD 0.01 =5.4302

Table. A.8 Effect of crude extracts from promising antagonistic fungi on oospore formation of

Pythium aphanidermatum RY803 at 0 pg/ml.

Number of ospores (x lO‘oospores/ml)

Promising antagonistic fungi Crude extracts
R1 R2 R3 R4 Means
Chaetomium aureum MB601 Hexane 4788 49.03 49.12 49.11 48.79
EtOAc 48.69 48.47 48.64 48.89 48.67
MeOH 47.64 48.52 48.63 48.36 4829
Chaetomium bostrychodes PR101 Hexane 48.86 48.1 48.96 48.27 4855
EtOAc 48.75 48.51 48.69 48.38 48.58
MceOH 48.79 48.61 48.53 48.67 48.65
Chaetomium cochliodes RY301 Hexane 48.75 46.97 50.84 4823 48.70
EtOAc 48.44 4827 48.42 48.55 48.42
MeOH 48.36 47.64 50.36 48.64 48.75
Chaetomium cupreum NB201 Hexane 49.72 48.56 48.38 47.87 48.63
EtOAc 48.56 48.49 48.54 48.19 48.45
MeOH 4838 48.93 48.45 47.81 4839
Chaetomium cupreum RY202 Hexane 49.75 4824 48.29 48.72 48.75
EtOAc 49.61 48.56 48.57 48.78 48.88

MeOH 49.77 48.72 48.82 48.98 49.07
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Table. A.8 (Continued) Effect of crude extracts from promising antagonistic fungi on oospore

formation of Pythium aphanidermatum RY803 at 0 pg/ml.

Numiber of ospores (x 10‘00spores/mI)

Promising antagonistic fungi Crude extracts

R1 R2 R3 R4 Means

Gliocladium catenulatum RY102 Hexane 4828 47.17 50.12 48.68 48.71
EtOAc 48.89 48.98 48.67 48.96 48.88

MeOH 48.86 48.95 49.18 49.28 49.07

Gliocladium catenulatum RY111 Hexane 48.74 47.62 50.47 48.6 48.86
EtOAc 48.74 47.61 517 48.47 49.13

MeOH 48.69 47.57 48.67 48.33 48.32

Trickoderma harzianum RY 101 Hexane 48.46 48.14 48.12 48.15 4822
EtOAc 48.58 48.57 48.95 4829 48.60

MeOH 48.64 48.58 48.83 48.52 48.64

Trichoderma harzianum RY 104 Hexane 48.36 47.75 51.17 48.35 4891
EtOAc 48.67 47.76 51.56 48.53 49.13

MeOH 4827 47.64 48.72 48.52 4829

Trichoderma harzianum RY112 Hexane 48.56 48.49 48.54 48.19 48.45
EtOAc 48.38 47.93 48.45 48.81 4839

MeOH 48.44 47.42 4827 48.55 48.17

Table A.8 Analysis of variance of effect of crude extracts from promising antagonistic fungi on

oospore formation of Pythium aphanidermatum RY803 at 0 pg/ml.

Source of variation daf Ss MS F F.05 F.01
Treatment 29 8.6018 0.2966 0.48 1.65 2.03
Ex. Error 90 55.2008 0.6133
Total 119 63.8026 0.5362

Non significant difference
GRAND MEAN =48.6437
CV =1.6100%

LSD 0.05 = 1.0964

LSD 0.01 = 1.4492
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Table. A9 Effect of crude extracts from promising antagonistic fungi on oospore formation of

Pythium aphanidermatum RY803 at 10 pg/ml.

Number of ospores (x lo‘oospores/ml)

Promising antagonistic fungi Crude extracts

R1 R2 R3 R4 Means

Chaetomium aureum MB601 Hexane 44.49 44.69 4485 44.8 44.71
EtOAc 39.01 40.83 40.41 39.68 39.98

MeOH 4428 44.42 4431 44.42 4436

Chaetomium bostrychodes PR101 Hexane 4822 47.93 48.42 48.21 4820
EtOAc 43.63 44,07 43.68 43.97 4384

MeOH 40.85 412 41.34 41.11 41.13

Chaetomium cochliodes RY301 Hexane 3591 35.1 36.28 36.14 35.86
EtOAc 35.75 36.62 36.68 36 3626

MeOH 39.3 3827 39.44 3821 38.81

Chaetomium cupreum NB201 Hexane 47.42 4751 48.07 47.79 47.70
EtOAc 48.46 48.33 48.38 48.23 4835

MeOH 443 43.77 46.29 43.1 4437

Chaetomium cupreum RY202 Hexane 48.77 48.1 48.16 48.66 48.42
EtOAc 43.16 44.02 43.86 43.3 43.59

MeOH 4238 42.19 42.13 42.3 4225

Gliocladium catenulatum RY 102 Hexane 45.69 44.64 44.68 45.79 4520
EtOAc 43.55 43.6 43.72 44.42 43.82

MeOH 4533 4525 45.62 45.94 4554

Gliocladium catenulatum RY 111 Hexane 45.85 4425 44.82 454 45.08
EtOAc 42.59 42.69 42.56 43.72 42.89

MeOH 46.6 46.72 46.56 45.98 4647

Trichoderma harzianum RY 101 Hexane 45.52 4535 45.59 45.83 45.57
EtOAc 39.01 39.83 3941 39.68 39.48

MeOH 4438 44.42 44.53 44.42 44.44

Trichoderma harzianum RY 104 Hexane 4527 45.18 45.08 44.48 45.00
EtOAc 43 43.74 43.43 44.04 43.55

MeOH 45.39 45.36 4522 45.11 4527

Trichoderma harzianum RY 112 Hexane 453 44.97 44.31 45.53 45.03
EtOAc 43.79 43.16 43.15 44.06 4354

MeOH 45.45 45.12 4521 45.77 4539
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Source of variation daf SS MS F F.05 F.01
Treatment 29  1166.1896 402134  181.14 1.65 2.03
Ex. Error 90 19.9803 0.2220
Total 119  1186.1699  9.9678

** significant difference at P=0.01
GRAND MEAN =43.8021
CV=10757T%

LSD 0.05 =0.6596

LSD 0.01 =0.8719

Table. A.10 Effect of crude extracts from promising antagonistic fungi on oospore formation of

Pythium aphanidermatum RY 803 at 50 pg/ml.

Number of ospores (x lﬂ‘oospores/ml)

Promising antagonistic fungi Crude extracts
R1 R2 R3 R4 Means
Chaetomium aureum MB601 Hexane 44.12 43.98 43.84 4424 4.05 -
EtOAc 32.02 3222 3247 31.94 32.16
MeOH 44.14 4425 4431 43.97 4.17
Chaetomium bostrychodes PR101 Hexane 46.1 45.94 45.92 46.28 46.06
EtOAc 3156 31.57 31.61 31.62 31.59
MeOH 30.89 31 30.96 3112 30.99
Chaetomium cochliodes RY301 Hexane 29.85 30.11 29.54 29.66 29.79
EtOAc 3224 3247 3248 32.65 3246
MeOH 20.65 20.62 20.67 20.65 20.65
Chaetomium cupreum NB201 Hexane 39.03 39.76 39.09 39.65 39.38
EtOAc 3528 36.18 35.81 35.59 3572
MeOH 37.01 37.49 37.18 3721 3722
Chaetomium cupreum RY202 Hexane 46.39 42.51 46.86 43.63 44.85
EtOAc 39.77 38.54 39.48 40.25 3951
MeOH 41.8 41.52 41.8 41.77 41.72

~
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Table. A.10 (Continued) Effect of crude extracts from promising antagonistic fungi on oospore

formation of Pythium aphanidermatum RY803 at 50 pg/ml.

Number of ospores (x lO‘oospores/mD

Promising antagenistic fungi Crude extracts

R1 R2 R3 R4 Means

Gliocladium catenulatum RY 102 Hexane 43.65 4455 42.67 43.19 43.52
EtOAc 41.6 4256 42.45 424 4225

MeOH 41.88 40.2 42.15 40.96 41.30

Gliocladium catenulatum RY111 Hexane 43.7 44.56 4224 43.14 4341
EtOAc 4125 42.18 42.12 4237 4198

MeOH 4124 40.41 42.28 40.85 4120

Trichoderma harzianum RY 101 Hexane 43.12 43.98 43.84 4324 4355
EtOAc 32.02 3222 3247 31.94 32.16

MeOH 40.14 40.25 40.31 40.97 40.42

Trichoderma harzianum RY 104 Hexane 42.39 42.84 44.34 4354 4328
EtOAc 41.8 42.75 42.38 42.02 4224

MeOH 4195 40.83 4223 40.18 41.30

Trichoderma harzianum RY112 Hexane 43.36 43.64 4236 43.17 43.13
EtOAc 41.15 4227 42.14 425 42.02

MeOH 4129 40.79 4234 40.04 41.12

Table A.10 Analysis of variance of effect of crude extracts from promising antagonistic fungi on

oospore formation of Pythium aphanidermatum RY803 at 50 pg/ml.

Soufce of variation daf SS MS F F.05 F.01
Treatment 29 39652853  136.7340  320.32° 1.65 2.03
Ex. Error 90  33.4181 0.4269
Total 119  4003.7034  33.6446

** significant difference at P=0.01
GRAND MEAN = 39.1055

CV =1.6707%

LSD 0.05 =0.9147

LSD 0.01 = 1.2090
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Tablé. A.11 Effect of crude extracts from promising antagonistic fungi on oospore formation of

Pythium aphanidermatum RY803 at 100 pg/ml.

Number of ospores (x lo‘oospores/ml)

Promising antagonistic fungi Crude extracts

R1 R2 R3 R4 Means

Chaetomium aureum MB601 Hexane 4275 42.69 42.67 42.54 42.66
EtOAc 2828 28.59 28.39 28.46 2843

MeOH 33.92 33.97 33.94 34,02 33.96

Chaetomium bostrychodes PR101 Hexane 35.78 3575 35.91 35.74 35.80
EtOAc 31.38 314 31.55 31.34 3142

MeOH 30.42 30.44 30.6 30.54 30.50

Chaetomium cochliodes RY301 Hexane 21.04 21.01 20.9 21.07 21.01
EtOAc 18.45 1842 18.45 18.41 18.43

MeOH 20.56 20.67 20.62 20.56 20.60

Chaetomium cupreum NB201 Hexane 31.57 31.6 K] W) 31.54 31.61
EtOAc 23.82 23.98 24.07 23.87 23.94

MeOH 26.2 2623 26.4 26.45 2632

Chaetomium cupreum RY202 Hexane 36.78 33.85 35.46 34.59 35.17
EtOAc 3539 35.11 3522 34.6 35.08

MeOH 3121 31.04 3132 3129 3122

Gliocladium catenulatum RY 102 Hexane 41.77 41.34 42.13 42.46 41.93
EtOAc 38.63 3947 39.98 39.74 39.46

MeOH 3425 33.87 33.65 33.83 33.90

Gliocladium catenulatum RY 111 Hexane 41.74 41.61 42.67 42.47 42.12
EtOAc 38.78 39.62 39.45 39.59 3936

MeOH 40.74 4023 40.76 403 40.51

Trichoderma harzianum RY101 Hexane 42.75 42.69 42.67 42.54 42.66
EtOAc 2728 27.59 27.39 2746 2743

MeOH 33.92 33.78 33.74 33.87 33.83

Trichoderma harzianum RY 104 Hexane 41.8 41.88 42.36 42.13 42.04
EtOAc 38.98 392 399 39.76 3946

MeOH 34.18 337 33.62 339 3385

Trichoderma harzianum RY 112 Hexane 4129 41.68 4226 42.45 41.92
EtOAc 38.64 39.1 395 39.66 3923

MeOH 343 3345 334 33.96 33.78
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Table A.11 Analysis of variance of effect of crude extracts from promising antagonistic fungi on

oospore formation of Pythium aphanidermatum RY803 at 100 pg/ml.

Source of variation df SS MS F F.05 F.01
Treatment 29  5709.9568  196.8951  1481.38 1.65 2.03
Ex. Error 90 11.9622 0.1329
Total 119 57219190  48.0834

** significant difference at P=0.01
GRAND MEAN = 33.9199

CV =1.0748%

LSD 0.05 =0.5104

LSD 0.01 =0.6746

Table. A.12 Effect of crude extracts from promising antagonistic fungi on oospore formation of

Pythium aphanidermatum RY803 at 500 pg/ml.

Number of ospores (x lo‘oospores/ml)

Promising antagonistic fungi Crude extracts
R1 R2 R3 R4 Means

Chaetomium aureum MB601 Hexane 42.53 42.33 42.55 42.67 4252
EtOAc 24.38 25.17 24.66 24.44 24.66
MeOH 3347 3324 33.41 33.94 3352
Chaetomium bostrychodes PR101 Hexane 3423 34 34.54 34.21 3425
EtOAc 30.31 3148 29.56 3138 30.68
MeOH 3044 30.42 30.58 30.52 3049
Chaetomium cochliodes RY301 Hexane 20.95 20.79 20.9 20.83 20.87
EtOAc 9.12 8.11 8.14 8.11 8.37
MeOH 18.56 18.51 18.56 18.62 18.56
Chaetomium cupreum NB201 Hexane 30.53 30.56 30.67 30.62 30.60
EtOAc 2022 2028 20.34 2022 2027
MeOH 22.92 22.86 23.59 23.14 23.13
Chaetomium cupreum RY202 Hexane 33.16 3251 31.56 3295 32.55
EtOAc 32.38 323 3241 3224 32.33

MeOH 30.59 30.65 30.76 30.7 30.68
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Table. A.12 (Continued) Effect of crude extracts from promising antagonistic fungi on oospore

formation of Pythium aphanidermatum RY803 at 500 pg/ml.

Number of ospores (x lO‘oospores/mI)

Promising antagonistic fungi Crude extracts

Rl R2 R3 R4 Means

Gliocladium catenulatum RY 102 Hexane 3848 3822 37.87 3923 3845
EtOAc 31.17 31.89 31.76 3122 31.51

MeOH 3196 31.8 32.31 31.14 31.80

Gliocladium catenulatum RY111 Hexane 38.6 38.96 37.58 39.67 38.70
EtOAc 32.79 3256 3224 32.83 3261

MeOH 38.96 38.8 38.31 38.14 38.55

Trichoderma harzianum RY101 Hexane 41.53 4133 4155 41.67 4152
EtOAc 2438 24.17 24.66 2444 2441

MeOH 3247 3224 3241 32.94 32.52

Trichoderma harzianum RY104 Hexane 38.98 3822 37.97 392 38.59
EtOAc 3121 31.91 31.6 3135 3152

MeOH 31.8 31.94 32.02 31.6 31.84

Trichoderma harzianum RY112 Hexane 3825 38.95 37.29 39.55 3851
EtOAc 24,58 27.29 2531 28.94 26.53

MeOH 31.78 31.94 32.84 31.35 31.98

Table A.12 Analysis of variance of effect of crude extracts from promising antagonistic fungi on

oospore formation of Pythium aphanidermatum RY803 at 500 pg/ml.

Source of variation daf SS MS F F.05 F.01
Treatment 29 6428.0177  221.6558 694.74" 1.65 2.03
Ex. Error 90 28.7144 0.3190
Total 119 6456.7320 54.2583

** significant difference at P=0.01
GRAND MEAN = 30.7497

CV =1.8369%

LSD 0.05 = 0.7908

LSD 0.01 = 1.0452
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Table. A.13 Effect of crude extracts from promising antagonistic fungi on oospore formation of

Pythium aphanidermatum RY803 at 1,000 pg/ml.

Number of ospores (x lo‘oospores/ml)

Promising antagonistic fungl Crude extracts
R1 R2 R3 R4 Means
Chaetomium aureum MB601 v Hexane 4253 4241 425 42.64 42:52
EtOAc 2022 20.34 20.39 20.34 20.32
MeOH 33.02 3324 32.82 33.21 33.07
Chaetomium bostrychodes PR101 Hexane 33.18 3324 3327 3342 3328
EtOAc 21.81 2224 22.15 21.07 21.82
MeOH 20.36 2033 20.41 20.53 2041
Chaetomium cochliodes RY301 Hexane 20.67 20.56 20.51 20.62 20.59
EtOAc 5.32 5.35 5.39 5.34 5.35
MeOH © 1422 1434 14.39 15.34 14.57
Chaetomium cupreum NB201 Hexane 18,55 18.35 18.74 18.41 1851
EtOAc 2022 20.22 2028 2028 2025
MeOH 2051 20.45 20.34 20.28 2040
Chaetomium cupreum RY202 Hexane 24.79 2524 24.1 26.93 2527
EtOAc 2121 21.18 2123 21.07 21.17
MeOH 2022 20.45 20.39 20.37 20.36
Gliocladium catenulatum RY102 Hexane 3625 36.12 37.11 36.37 36.46
EtOAc 30.89 3022 3036 30.19 3042
MeOH 29.98 29.9 29.83 29.71 29.86
Gliocladium catenulatum RY111 Hexane 35.92 3525 362 35.13 35.63
EtOAc 3025 30.18 30.09 30.17 30.17
MeOH 32.98 329 32.83 3271 32.86
Trichoderma harzianum RY 101 Hexane 40.53 4041 40.5 40.64 40.52
EtOAc 2222 2234 22.39 2234 2232
MeOH 30.02 3024 30.82 3021 30.32
Trichoderma harzianum RY104 Hexane 36.73 36.37 37.69 36.96 36.94
EtOAc 30.22 3045 30.36 30.42 30.36
MeOH 29.59 29.79 29.67 29.79 29.71
Trichoderma harzianum RY 112 Hexane 36.19 36.81 3732 36.16 36.62
EtOAc 18.76 18.3 18.64 18.11 18.45

MeOH 28.89 28.93 28.57 28.84 28.81
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Table A.13 Analysis of variance of effect of crude extracts from promising antagonistic fungi on

oospore formation of Pythium aphanidermatum RY803 at 1,000 pg/ml.

Source of variation aft SS MS F F.05 F.01
Treatment 29  8273.8678 2853058  2362.26 1.65 2.03
Ex. Error 90 10.8699 0.1208
Total 119 8284.7376  69.6196

** significant difference at P=0.01
GRAND MEAN =26.9107

CV =1.2914%

LSD 0.05 =0.4865

LSD 0.01 =0.6431

Table A.14 Percent inhibition of oospore formation of Pythium aphanidermatum RY803 on PDA

containing crude extracts from promising antagonistic fungi at 10 pg/ml.

Percent inhibition of oospore formation'of

Promising antagonistic fungi Crude extracts Pythium aphanidermatum RY803

R1 R2 R3 R4 Means

Chaetomium aureum MB601 Hexane 7.08 8.85 8.69 8.78 835
EtOAc 19.88 15.76 16.92 18.84 17.85

MeOH 7.05 8.45 8.88 8.15 8.13

Chaetomium bostrychodes PR101 Hexane 1.31 0.35 1.1 0.12 0.72

EtOAc 105 9.15 10.23 9.12 9.75

MeOH 1627 1524 14.82 15.53 1547

Chaetomium cochliodes RY301 Hexane 26.34 2527 28.64 25.07 2633
EtOAc 262 24.14 2425 25.85 25.11

MeOH 18.73 19.67 21.68 2144 20.38

Chaetomium cupreum NB201 Hexane 4.63 2.16 0.64 0.17 1.90
EtOAc 0.54 239 043 1.99 134

MeOH 8.43 1055 446 9.85 832

Chaetomium cupreum RY202 Hexane 1.97 029 027 0.12 0.66
EtOAc 13 9.35 9.7 11.23 10.82

MeOH 14.85 134 137 13.64 13.90

Gliocladium catenulatum RY 102 Hexane 8.17 7.85 7.34 176 778
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Table A.14 (Continued) Percent inhibition of oospore formation of Pythium aphanidermatum RY 803

on PDA containing crude extracts from promising antagonistic fungi at 10 pg/ml.

Percent inhibition of oospore formation of

Promising antagonistic fungi Crude extracts Pythium ophanidermatum RY803

R1 R2 R3 R4 Means

EtOAc 7.36 8.54 9.85 8.94 8.67

MeOH 5.31 6.11 441 43 5.03

Gliocladium catenulatum RY111 Hexane 6.17 6.17 14,01 6.78 8.28
EtOAc 12.62 10.33 17.68 9.8 12.60

MeOH 4.06 3.7 326 3.62 3.66

Trichoderma harzianum RY101 Hexane 5.17 5.49 6.32 4.16 529
EtOAc 17.97 1946 17.83 18.51 1844

MeOH 8.52 8.81 843 8.69 8.61

Trichoderma harzianum RY 104 Hexane 8.41 8.34 8.43 7.87 826
EtOAc 11.32 1123 11.43 11.1 1127

MeOH 6.76 6.26 5.82 6.13 624

Trichoderma harzianum RY112 Hexane 7.06 8.17 6.82 6.13 7.05
EtOAc 9.49 9.95 10.94 9.73 10.03

MeOH 6.19 6.37 5.86 4.65 577

Table A.14 Analysis of variance of percent inhibition of oospore formation of Pythium aphanidermatum

RY803 on PDA containing crude extracts from promising antagonistic fungi at 10 pg/ml.

Source of variation daf SS MS F F.05 F.01
Treatment 29  5018.8036  173.0622  84.86 1.65 2.03
Ex. Error 90  183.5387 2.0393
Total 119 52023423  43.7172

** significant difference at P=0.01
GRAND MEAN =9.8673

CV =14.4725%

LSD 0.05 =1.9993

LSD 0.01 = 2.6425
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Table A.15 Percent inhibition of oospore formation of Pythium aphanidermatum RY803 on PDA

containing crude extracts from promising antagonistic fungi at 50 pg/ml.

Percent inhibition of oospore formation of

Promising antagonistic fungi Crude extracts Pythium aphanidermatum RY803
R1 R2 R3 R4 Means

Chaetomium aureum MB601 Hexane 7.85 10.3 10.75 9.92 9.71
EtOAc 3424 3353 3324 34.67 3392

MeOH 7.35 8.8 8.88 9.08 8.53

Chaetomium bostrychodes PR101 Hexane - 5.65 449 6.21 4.12 5.12
EtOAc 3526 34.92 35.08 34.64 3498
MeOH 36.69 3623 362 36.06 3630
Chaetomium cochliodes RY301 Hexane 38.77 35.9 419 385 38.77
EtOAc 33.44 32.73 32.92 32,75 3296

MeOH 573 56.72 58.96 57.55 57.63
Chaetomium cupreum NB201 Hexane 215 18.12 192 17.17 19.00
EtOAc 2735 2539 2623 26.15 2628

MeOH 235 2338 2326 22.17 23.08

Chaetomium cupreum RY202 Hexane 6.75 11.88 2.96 10.44 8.01
EtOAc 19.83 20.63 18.72 17.49 19.17
MeOH 16.01 14.78 35.85 14.72 20.34

Gliocladium catenulatum RY 102 Hexane 9.59 6.74 14.86 1128 10.62
EtOAc 1453 10.17 12.38 12.43 1238

MeOH 1425 15.05 13.02 17.87 15.05

Gliocladium catenulatum RY111 Hexane 10.34 6.43 16.31 1123 11.08
EtOAc 1537 1141 18.53 12,59 1448
MeOH 153 15.05 13.13 15.48 14.74

Trichoderma harzianum RY101 Hexane 11.02 8.64 8.89 102 9.69
EtOAc 3409 33.66 33.67 33.86 33.82

MeOH 1748 17.15 17.45 15.56 1691

Trichoderma harzianum RY104 Hexane 10.38 741 17.92 9.89 114
EtOAc 14.12 10.49 178 1341 13.96

MeOH 13.09 1429 13.32 17.19 1447

Trichoderma harzianum RY 112 Hexane 10.71 10 12.73 10.42 10.97
EtOAc 14.94 11.81 13.02 12.93 13.18

MeOH 14.76 13.98 12.29 17.53 14.64
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Table A.15 Analysis of variance of percent inhibition of oospore formation of Pythium aphanidermatum

RY803 on PDA containing crude extracts from promising antagonistic fungi at 50 pg/ml.

Source of variation af SS MS F.05 F.01
Treatment 29  16737.1782  577.1441  75.15 1.65 2.03
Ex. Error 90  691.1629 7.6796

Total 119 174283411  146.4566

** gignificant difference at P=0.01
GRAND MEAN = 19.7043

CV = 14.0639%

LSD 0.05 =3.8798

LSD 0.01 = 5.1281

Table A.16 Percent inhibition of oospore formation of Pythium aphanidermatum RY803 on PDA

containing crude extracts from promising antagonistic fungi at 100 pg/ml.

Percent inhibition of oospore formation of

Promising antagonistic fungi Crude extracts Pythium aphanidermatum RY803
R1 R2 R3 R4 Means
Chaetomium aureum MB601 Hexane 10.71 12.93 13.13 13.38 10.71
EtOAc 4192 41.02 41.63 41.79 41.92
MeOH 28.8 29.99 30.21 29.65 28.8
Chaetomium bostrychodes PR101 Hexane 26.77 25.68 26.65 25.96 26.77
EtOAc 35.63 34.98 352 35.22 3563
MeOH 37.65 37.38 36.95 3725 37.65
Chaetomium cochliodes RY301 Hexane 56.84 5527 58.89 56.31 56.84
EtOAc 61.91 61.84 619 62.08 61.91
MeOH 5749 56.61 59.05 57173 5749
Chaetomium cupreum NB201 Hexane 36.5 34.93 34.46 34.11 36.5
EtOAc 50.95 50.55 50.41 50.47 50.95
MeOH 45.85 46.39 45.51 44.68 4585
Chaetomium cupreum RY202 Hexane 26.07 29.83 26.57 29.06 26.07
EtOAc 28.66 27.7 27.49 29.07 28.66
MeOH 3729 36.29 35.85 36.12 3729
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Table A.16 (Continued) Percent inhibition of oospore formation of Pythium aphanidermatum RY 803

on PDA containing crude extracts from promising antagonistic fungi at 100 pg/ml.

Percent inhibition of oospore formation of

Promising antagonistic fungl Crude extracts Pythium aphanidermatum RY803

R1 R2 R3 R4 Means

Gliocladium catenulatum RY 102 Hexane 13.48 13.46 15.94 12.78 13.48
EtOAc 20.63 16.69 17.48 17.93 20.63

MeOH 29.87 28.42 30.56 29.93 29.87

Gligcladium catenulatum RY 111 Hexane 1436 12.62 15.45 12.61 14.36
EtOAc 2043 16.78 23.69 18.32 20.43

MeOH 1633 1543 16.25 16.61 16.33

Trichoderma harzianum RY101 Hexane 11.78 11.32 11.33 11.65 11.78
EtOAc 43.35 432 44.04 43.14 43.85

MeOH 3026 30.47 309 30.19 3026

Trichoderma harzianum RY 104 Hexane 13.56 12.29 1722 12.86 13.56
EtOAc 19.91 17.92 22.61 18.07 1991

MeOH 29.19 2926 30.99 30.13 29.19

Trichoderma harzianum RY 112 Hexane 14.97 14.04 12.94 11.91 14.97
EtOAc 20.13 18.42 18.47 18.75 20.13

MeOH 29.19 29.46 30.81 30.05 29.19

Table A.16 Analysis of variance of percent inhibition of cospore formation of Pythium aphanidermatum

RY803 on PDA containing crude extracts from promising antagonistic fungi at 100 pg/ml.

Source of variation df SS MS F F.05 F.01
Treatment 29 24101.9317  831.1011 587.73" 1.65 2.03
Ex. Error 90 127.2674 1.4141
Total 119  24229.1991  203.6067

** gignificant difference at P=0.01
GRAND MEAN =30.1878

CV =3.9392%

LSD 0.05 =1.6648

LSD 0.01 =2.2005
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Table A.17 Percent inhibition of oospore formation of Pythium aphanidermatum RY 803 on PDA

containing crude extracts from promising antagonistic fungi at 500 pg/ml.

Percent inhibition of oospore formation of

Promising antagonistic fungi Crude extracts Pythium aphanidermatum RY803
R1 R2 R3 R4 Means

Chaetomium aureum MB601 Hexane 11.17 13.67 13.38 13.11 12.83
EtOAc 49.93 48.07 49.3 50.01 49.33
MeOH 29.74 31.49 313 29.82 30.59
Chaetomium bostrychodes PR101 Hexane 29.94 29.31 29.45 29,13 29.46
EtOAc 37.83 35.11 39.29 35.14 36.84
MeOH 37.61 3742 36.99 3729 37.33
Chaetomium cochliodes RY301 Hexane 57.03 55.74 58.89 56.81 57.12
EtOAc 81.17 832 83.19 83.3 82.72
MeOH 61.62 61.15 63.15 61.72 6191
Chaetomium cupreum NB201 Hexane 386 37.07 36.61 36.04 37.08
EtOAc 58.36 58.18 58.1 58.04 58.17
MeOH 52.63 5328 51.31 51.6 5221
Chaetomium cupreum RY202 Hexane 3335 32.61 34.64 32.37 33.24
EtOAc 34.73 3348 3327 33.91 3385
MeCH 38.54 37.09 36.99 37.32 3749
Gliocladium catenulatum RY102 Hexane 203 19.99 24.44 19.41 21.04
EtOAc 35.96 32.69 3445 35.52 ™ .34.66
MeOH 34.68 328 33.33 355 34.08
Gliocladium catenulatum RY 111 Hexane 20.8 18.19 25.54 18.37 20.73
EtOAc 32.72 31.61 37.64 3227 33.56
MeOH 19.98 18.44 2129 21.08 2020
Trichoderma harzianum RY101 Hexane 143 14.15 13.65 13.46 13.89
EtOAc 49.81 5024 49.62 49.39 49.77
MeOH 3324 33.63 33.63 3211 33.15
Trichoderma harzianum RY104 Hexane 194 19.96 25.8 18.92 21.02
EtOAc 35.87 33.19 38.71 354 35.79
MeOH 34.12 32.96 3428 34.87 34.06
Trichoderma harzianum RY 112 Hexane 2123 19.67 23.18 17.93 20.50
EtOAc 49.19 43.06 47.76 40.71 45.18

MeOH 3439 50.16 31.97 3543 37.99
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Table A.17 Analysis of variance of percent inhibition of oospore formation of Pythium aphanidermatum

RY803 on PDA containing crude extracts from promising antagonistic fungi at 500 pg/ml.

Source of variation daf SS MS F F.05 F.01
Treatment 29 271904921 937.6032  186.80 1.65 2.03
Ex. Error 90 4517321 5.0192

Total 119 276422242  232.2876

** significant difference at P=0.01
GRAND MEAN = 36.8581

CV =6.0783%

LSD,0.05 =3.1366

LSD 0.01 =4.1457

Table A.18 Percent inhibition of oospore formation of Pythium aphanidermatum RY803 on PDA

containing crude extracts from promising antagonistic fungi at 1,000 pg/ml.

Percent inhibition of oospore formation of

Promising antagonistic fungi Crude extracts Pythium aphanidermatum RY803

R1 R2 R3 R4 Means

Chaetomium aureum MB601 Hexane 11.17 13.5 13.48 13.17 12.83
EtOAc 58.47 58.04 58.08 58.5 5827

MeOH 30.69 3149 32.51 3133 3151

Chaetomium bostrychodes PR101 Hexane 32.09 30.89 32.05 30.57 31.40
EtOAc 5526 54.15 54.51 56.45 55.09

MeOH 5827 58.18 57.94 57.82 58.05

Chaetomium cochliodes RY301 Hexane 51.6 5623 59.66 57217 57.69
EtOAc 89.02 88.92 88.87 89 88.95

MeOH 70.6 69.9 7143 68.46 70.10

Chaetomium cupreum NB201 Hexane 62.69 6221 61.26 61.54 61.93
EtOAc 58.36 583 58.22 51.92 5820

MeOH 57.61 58.21 58.02 57.58 57.86

Chaetomium cupreum RY202 Hexane 50.17 47.68 50.09 44.72 48.17
EtOAc 5725 56.38 5629 56.81 56.68

MeOH 5937 58.03 5823 58.41 58.51
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Table A.18 (Continued) Percent inhibition of oospore formation of Pythium aphanidermatum RY803

on PDA containing crude extracts from promising antagonistic fungi at 1,000 pg/ml.

Percent inhibition of oospore formation of

Promising antagonistic fungi Crude extracts Pythium aphanidermatum RY803

R1 R2 R3 R4 Means

Gliocladium catenulatum RY 102 Hexane 2492 2439 25.96 25.29 25.14
EtOAc 36.53 3623 37.34 37.65 3694

MeOH 38.62 36.81 38.44 38.46 38.08

Gliocladium catenulatum RY111 "Hexane 26.3 2598 28.27 21.72 27.07
EtOAc 3794 36.61 418 37.76 38.53

MeOH 3227 30.84 32.55 32.32 32.00

Trichoderma harzianum RY101 Hexane 16.36 16.06 15.84 15.6 15.97
EtOAc 5426 54 54.26 53.74 54.07

MeOH 3828 37.75 36.88 37.74 37.66

Trichoderma harzianum RY104 Hexane 24.05 23.83 26.34 23.56 2445
EtOAc 3791 3624 41.12 37.32 38.15

MeOH 38.7 3747 39.1 38.6 3847

Trichoderma harzianum RY112 Hexane 2547 24.09 23.11 24.96 2441
EtOAc 6122 61.82 61.53 62.9 61.87

MeOH 4036 38.99 40.81 40.6 “40.19

Tabjle A.18 Analysis of variance of percent inhibition of cospore formation of Pythium aphanidermatum

RY803 on PDA containing crude extracts from promising antagonistic fungi at 1,000 pg/ml.

Source of variation df SS MS F F.05 F.01

Treatment 29 351447575 1211.8882  1109.06 1.65 2.03
-Ex. Error 90 98.3441 1.0927

Total 119 352431016  296.1605

** significant difference at P=0.01
GRAND MEAN = 44.6065

CV =2.3434%

LSD 0.05 = 1.4635

LSD 0.01 =1.9343
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Table A.19 Disease severity index of pineapple root rot after applying biofungicide in pot at 1" month.

disease severity index” (DSI) in 5 months

Treatments
R1 R2 R3 R4 RS Means
Non-treated control (T1) ‘ 1 1 1 1 1 1
Pythium aphanidermadum RY803 alone (T2) 2 2 3 2 3 24
oil formulation at 10 mUplant every 2 weeks (T3) 1 1 1 1 1 1
powder formulation at 10 g/plant every 2 weeks (T4) 1 1 1 1 1 1
oil formulation at 10 mUplant every 2 weeks + pathogen (T5) 1 1 2 2 1 14
powder formulation at 10 g/plant every 2 weeks + pathogen (T6) 1 2 2 2 1 1.6
Treated with metalaxy! at recommended rate + pathogen (T7) 2 1 1 1 1 12

Table A.19 Analysis of variance of disease severity index of pineapple root rot after applying
biofungicide in pot at 1* month.

Source of variation df SS MS F F.05 F.01
Treatment 6 77714 1.2952 824" 2.45 3.53
Ex. Error : 28 4.4000 0.1571
Total 34 12.1714 0.3580

** significant difference at P=0.01
GRAND MEAN = 1.3714

CV =28.9051%

LSD 0.05=0.5134

LSD 0.01 = 0.6927

Table A.20 Disease severity index of pineapple root rot after applying biofungicide in pot at 2™ month.

Treatments disease severity index” (DSI) in 5 months
Rl R2 R3 R4 RS Means

Non-treated control (T1) 1 1 1 1 1 1
Pythium aphanidermadum RY803 alone (T2) 3 2 3 3 4 3
oil formulation at 10 mUplant every 2 weeks (T3) 1 1 1 1 1 1
powder formulation at 10 g/plant every 2 weeks (T4) 1 1 1 1 1 1
oil formulation at 10 m¥/plant every 2 weeks + pathogen (T5) 2 2 1 1 2 1.6
powder formulation at 10 g/plant every 2 weeks + pathogen (T6) 2 2 1 1 2 1.6
Treated with metalaxy] at recommended rate + pathogen (T7) 1 2 1 1 2 14
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Table- A20 Analysis of variance of disease severity index of pineapple root rot after applying

biofurigicide in pot at 2* month.

Source of variation daf SS MS F F.05 F.01
Treatment 6 15.1429 2.5238 12.62" 245 3.53
Ex. Error 28 5.6000 0.2000
Total 34 20.7429 0.6101

** significant difference at P=0.01
GRAND MEAN = 1.5142

CV =29.5330%

LSD 0.05=0.5792

LSD 0.01 =0.7814

Table A.21 Disease severity index of pineapple root rot after applying biofungicide in pot at 3“ month.

disease severity index” (DSI) in 5 months

Treatments
R1 R2 R3 R4 RS Means

Non-treated control (T1) 1 1 1 1 1 1
Pythtum aphanidermadum RY 803 alone (T2) 3 4 4 3 4 3.6
oil formulation at 10 ml/plant every 2 weeks (T3) 1 1 1 1 1 1
powder formulation at 10 g/plant every 2 weeks (T4) 1 1 1 1 1 1
oil formulation at 10 ml/plant every 2 weeks + pathogen (T5) 1 2 2 2 1 1.6
powder formulation at 10 g/plant every 2 weeks + pathogen (T6) 2 2 1 2 2 1.8
Treated with metalaxyl at recommended rate + pathogen (T7) 2 1.5 1 1 2 15

Table A.21 Analysis of variance of disease severity index of pineapple root rot after applying

biofungicide in pot at 3" month.

Source of variation df SS MS F F.05 F.01
Treatment 6 25.5857 4.2643 28.43" 2.45 3.53
Ex. Error 28 4.2000 0.1500
Total 34 29.7857 0.8761

** significant difference at P=0.01, GRAND MEAN = 1.6428, CV = 23.5747%

LSD 0.05 =0.5016
LSD 0.01 =0.6767
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Table A.22 Disease severity index of pineapple root rot after applying biofungicide in pot at 4" month.

Treatments disease severity index” (DSI) in 5 months
R1 R2 R3 R4 R5  Means

Non-treated control (T1) 1 1 1 1 1 1
Pythium aphanidermadum RY803 alone (T2) 4 5 3 5 4 420
oil formulation at 10 mU/plant every 2 weeks (T3) 1 1 1 1 1 1
powder formulation at 10 g/plant every 2 weeks (T4) 1 1 1 1 1 1
oil formulation at 10 mV/plant every 2 weeks + pathogen (T5) 2 2 2 2 3 220
powder formulation at 10 g/plant every 2 weeks + pathogen (T6) 2 2 2 3 3 240
Treated with metalaxy! at recommended rate + pathogen (T7) 2 2 2 25 2 2.10

Table A.22 Analysis of variance of disease severity index of pineapple root rot after applying

biofungicide in pot at 4" month.

Source of variation daf SS MS F F.05 F.01
Treatment 6 40.2429 6.7071 37.56 2.45 3.53
Ex. Error 28 5.0000 0.1786
Total 34 45.2429 1.3307

** significant difference at P=0.01
GRAND MEAN = 1.9857

CV =21.2809%

LSD 0.05 =0.5473

LSD 0.01 =0.7384

Table A.23 Disease severity index of pineapple root rot after applying biofungicide in pot at 5" month.

Treatments disease severity index” (DSI) in 5 months
R1 R2 R3 R4 RS Means

Non-treated control (T1) 1 1 1 1 1 1
Pythium aphanidermadum RY803 alone (T2) ) 5 5 5 5 5 5
oil formulation at 10 mb/plant every 2 weeks (T3) 1 1 1 1 1 1
powder formulation at 10 g/plant every 2 weeks (T4) 1 1 1 1 1 1
oil formulation at 10 mi/plant every 2 weeks + pathogen (T5) 2 2 2 3 3 24
powder formulation at 10 g/plant every 2 weeks + pathogen (T6) 2 3 2 3 3 2.6
Treated with metalaxyl at recommended rate + pathogen (T7) 2 2 25 2 3 23
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Table A.23 Analysis of variance of disease severity index of pineapple root rot after applying

biofungicide in pot at 5" month.

Source of variation af SS MS F ¥.05 F.01
Treatment 6 61.8429 10.3071 90.19" 245 3.53
Ex. Error 28 3.2000 0.1143
Total 34 65.0429 1.9130

** significant difference at P=0.01, GRAND MEAN =2.1857, CV = 15.4669%
LSD 0.05 =0.4378
LSD 0.01 = 0.5907

Table A.24 Effect of biofungicides on fresh weight of pineapple leaves and stems after growing in pot

for 5 months.
Treatments Total fresh weigh of leaves and stems (g)
R1 R2 R3 R4 R5 Means

Non-treated control (T1) 370 370 485 315 335 375
Pythium aphanidermadum RY803 alone (T2) 275 10 190 95 300 174
oil formulation at 10 mV/plant every 2 weeks (T3) 445 520 505 525 530° 505
powder formulation at 10 g/plant every 2 weeks (T4) 300 325 325 470 445 373
oil formulation at 10 mV/plant every 2 weeks + pathogen (T5) 325 435 285 330 470 369
powder formulation at 10 g/plant every 2 weeks + pathogen (T6) 370 375 325 250 340 332
Treated with metalaxy! at recommended rate + pathogen (T7) 380 270 415 335 385 357

Table A.24 Analysis of variance of effect of biofungicides on fresh weight of pineapple leaves and

stems after growing in pot for 5 months.

Source of variation af SS MS F F.05 F.01
Treatment 6 283570.0000 47261.6667 8.45 2.45 3.53
Ex. Error 28 154130.0000 5504.6429
Total 34 437700.0000 12873.5294

** significant difference at P=0.01, GRAND MEAN = 355
CV =20.8995%

LSD 0.05 =96.1002

LSD 0.01 = 129.6508
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Table A.25 Effect of biofungicides on fresh weight of pineapple root after growing in pot for 5 months.

Treatments Total fresh weigh of leaves and stems (g)
RI R2 R3 R4 RS Means

Non-treated control (T1) 30 30 20 20 30 26
Pythium aphanidermadum RY803 alone (T2) 15 0 0 0 15 6
oil formulation at 10 mV/plant every 2 weeks (T3) 30 25 30 25 30 28
powder formulation at 10 g/plant every 2 weeks (T4) 25 30 20 15 25 23
oil formulation at 10 ml/plant every 2 weeks + pathogen (T5) 20 20 20 25 20 21
powder formulation at 10 g/plant every 2 weeks + pathogen (T6) 20 15 20 20 15 18
Treated with metalaxyl at recommended rate + pathogen (T7) 20 20 15 20 20 19

Table A.25 Analysis of variance of effect of biofungicides on fresh weight of pineapple root after

growing in pot for 5 months.

Source of variation df SS MS F F.05 F.01
Treatment 6 1554.2857  259.0476 1170 2.45 3.53
Ex. Error 28 6200000  22.1429
Total 34 21742857  63.9496

** significant difference at P=0.01
GRAND MEAN = 20.1428

CV =23.3612%

LSD 0.05 = 6.0950

LSD 0.01 = 8.2229
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Abstract: Root rot of pineapple (4nanas comosus (L.) Merr.) var. Pattavia was found
in the fields at Petchaburi, Phatthalung, Prachuap Khiri Khan and Rayong provinces.
Forty-four isolates of pathogen were encountered by baiting technique. All of them
were proved to be pathogenic to pineapple by detached leaves and root test. The
isolate RY803 from Rayong provinces gave more virulent than any others. All 44
isolates were identified using the morphological characters and confirmed by their
ITS region of the nuclear rDNA. Fifteen isolates of Pythium aphanidermatum and 29
isolates of P. graminicola were described. P. aphanidermatum RY803 was the most
virulent while P. graminicola was the first report causing root rot of pineapple in
Thailand. Therefore, P. aphanidermatum RY803 was used for screening antagonistic
fungi by bi-culture plate and crude extract test.

Forty-two isolates of soil fungi were isolated by baiting and soil plate techniques for
screening antagonists against P. aphanidermatum RY803 All promising antagonists
were tested for their ability to control P. aphanidermatum RY 803 in bi-culture plate.
Bi-culture test for antagonism showed that C. aureum MB601, C bostrychodes
PR101, C. cochliodes RY301, C. cupreum NB201, C. cupreum RY202, Gliocadium
sp. RY102, Gliocadium sp. RY111, T. harzianum RY 101, T. harzianum RY 104 and
T. harzianum RY 112 could inhibit the growth and oospore formation to P.
aphanidermatum RY 803 over 80%. The crude Ethyl acetate extracts of C. cochliodes
RY301 at the concentration of 1,000 ug/ml gave significantly highest inhibition of
mycelial growth and oospores formation (P<0.01). Moreover, the hyphae, oogonia
and oospores of P. aphanidermatum RY 803 became abnormal protoplasm in cell and
demonstrated uncommon shape.

Mycofungicide produced from C. cochliodes RY301 in oil form significantly reduced
root rot severity and gave greater plant growth than non-treated plants control in pot
experiment. This implies that C. cochliodes RY301 could act as both mycofungicide
and plant growth stimulant.

Key words: biological control, Chaetomium, Pythium aphanidermatum, pineapple root rot
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Pornsuriya, C., Soytong, K., Kanokmedhakul, S. and Lin, F.C. (2010). Efficacy of antifungal
metabolites from some antagonistic fungi against Pythium aphanidermatum. Joural of
Agricultural Technology 6(2): 299-308.

Antifungal metabolites from Chaetomium aureum MB601, C bostrychodes PR101, C.
cochliodes RY301, C. cupreum NB201, C. cupreum RY202, Gliocladium catenulatum RY102,
G. catenulatum RY111, Trichoderma harzianum RY 101, T. harzianum RY 104 and T.
harzianum RY 112 extracted by hexane, EtOAc and MeOH were tested for inhibition of
Pythium aphanidermatum RY803 causing pineapple root rot. Crude EtOAc extract of C.
cochliodes strain RY301 showed the highest antifungal activity against P. aphanidermatum
RY803. Treatment with crude EtOAc extract of C. cochliodes strain RY301 at 1,000 pg/ml
inhibited mycelial growth and oospore formation against P. aphanidermatum RY803 by 71.00
and 88.95%, respectively. It also inhibited oospore formation with effective dose (EDs,) value of
64 ug/ml. Moreover, P. aphanidermatum RY803 on PDA added with crude EtOAc extract of C.
cochliodes RY301 showed abnormal features of hyphae, oogonia and oospores. It was implied
that the antagonistic mechanism of C. cochliodes RY301 was lysis and antibiosis.

Key words: Antifungal metabolites, Chaetomium cochliodes, Pythium aphanidermatum

Introduction

Pineapple (4nanas comosus Merr.) is one of the most important
economic plants in Thailand. It is grown mainly for fresh, canned fruits and
juice, and is the only source of bromelain, an enzyme used in pharmaceuticals.
The growth area of pineapple in Thailand has been expanded because the
increased worldwide demand for pineapple products has greatly stimulated

‘Corresponding author: Chaninun Pornsuriya; e-mail: chaninanp@yahoo.com
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plantings. Root rot symptoms are commonly found in the fields and become
major losses in pineapple plantations. The disease caused by Pythium
aphanidermatum (Edson) Fitzp. It is a ubiquitous phytopathogen with a wide
host range and an aggressive species of Pythium, causing serious root rot and
damping-off in various economic plant crops (Parker, 2010).

The sustainable agricultural practices rely on the integration of
biotechnology with traditional agricultural practices (Haggag and Mohamed,
2007). Most sustainable and environmentally acceptable control may be used
biocontrol agents for reducing the use of agricultural chemicals and their
residues in the environment. Biological control using antagonists to control root
rot of several plants caused by pathogenic fungi has been extensively studied,
and several examples of successful disease control exist. The used antagonistic
fungi for controlling root rot have been reported such as Aspergillus spp.,
Chaetomium  cupreum, C. globosum, C. cochliodes, Gliocadium virens,
Penicillium spp., Trichoderma harzianum, Trichoderma viride (Ezziyyani et
al. 2007; Abdelzaher. 2003; Soytong et al. 2001; Galland and Paul. 2001;
Naseby er al. 2000; Ahmed et al. 1999).

Biological control of plant diseases by using antagonistic
microorganisms involved in mechanisms as antibiosis, competition
suppression, direct parasitism, induced resistance, hypovirulence and predation
(Haggag and Mohamed, 2007). The antagonistic activity against plant
pathogens has often been associated with secondary metabolite production
(Aggarwal et al., 2003; Park er al., 2005; Eziashi et al., 2006; Kishore et al.,
2007) This paper attempted to screen for promising antagonists producing
antifungal metabolites and investigated efficacy of antifungal metabolites in

inhibiting mycelial growth and oospore formation of P. aphanidermatum
RY803.

Materials and methods
Promising antagonistic fungi and pathogen

Ten promising antagonistic fungi Chaefomium aureum MB601, C
bostrychodes PR101, C. cochliodes RY301, C. cupreum NB201, C. cupreum
RY202, Gliocladium catenulatum RY102, G. catenulatum RY11 1,
Trichoderma harzianum RY 101, T. harzianum RY 104 and T harzianum RY
112 were isolated from soil under pineapple plantation in Phatthalung and
Rayong provinces. Fungal pathogen Pythium aphanidermatum RY803 used in
this study was isolated from rhizosphere soil of pineapples showing root rot
symptom. The isolate was proved to be the highest virulence causing root rot of
pineapple according to previous report (Pornsuriya ef al., 2009). All promising
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antagonistic fungi were tested to be potential antagonists against P,
aphanidermatum RY803 by bi-culture plate method. Cultures were maintained
on potato dextrose agar slants.

Fungal growth and extraction of crude extracts

The mycelial plugs of each promising antagonist was transferred- into
potato dextrose broth (PDB) and incubated in static state at room temperature
(28-30°C) for 4 weeks. Fungal mycelia were removed from liquid by
cheesecloth filtration and dried over night at 28-32°C. Subsequently, the
extraction of each promising antagonist was performed by the method
described by Kanokmedhakul e al. (2006). Each air-dried mycelial mat was
ground and extracted with hexane (1:1 vol/vol) and incubated by shaking for 24
hrs at room temperature. The solvent was separated out of the marc by filtration
through filter paper (Whatman No.4). The marc from hexane extraction was
further extracted with ethyl acetate (EtOAc) and followed with methanol
(MeOH) using the same procedure as hexane. The solvents were separately
evaporated in vacuo to yield crude hexane, EtOAc and MeOH extracts,
respectively. Each crude extract was weighed (Table 1), and then kept in
refrigerator (4°C) until use for testing antifungal metabolites against P.
aphanidermatum RY803.

In vitro antifungal metabolites against Pythium aphanidermatum RY803

Each crude extract from antagonists was dissolved with 2% dimethyl
sulfoxide (DMSO) and then tested for inhibitory activity against mycelial
growth and oospore formation of P. aphanidermatum RY803 on potato
dextrose agar (PDA) at concentrations of 0, 10, 50, 100, 500 and 1000 pg/ml.
Agar plug (3 mm diameter) of P. aphanidermatum RY803 was cut from the
margin of the 3-d-old colony and transferred to the middle of PDA containing
each concentration of crude extract and incubated at room temperature for 2-10
days depended on its activity. The experiment was done by using Completely
Randomized Design (CRD) with four replications. Data were collected as
colony diameter (cm) and oospore formation. The statistical analysis of
variance (ANOVA) was computed. Treatment means were compared using the
Duncan’s multiple range test (DMRT) at P=0.01. The effective dose of EDsg
values was computed using probit analysis.
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Results and discussion
Fungal growth and extraction of crude extracts

Yields of crude extracts from 10 antagonistic fungi were recorded as
shown in Table 4.1. Crude MeOH extract from Trichoderma harzianum RY 104
gave the highest yield (4.113 g) followed by crude MeOH extract from
Chaetomium bostrychodes PR101, crude EtOAc extract from C. aureum
MB601, crude EtOAc extract from C. cupreum NB201 and crude hexane
extract from 7. harzianum RY104 that gave yield of crude extract by 3.492,
3.004, 2.032 and 2.331 g, respectively. The results indicated that the yields of
crude extracts varied according to species of fungi, number of mycelial mats
and kind of solvents. '

Table 4.1. Yields of mycelial mats and crude extracts from 10 antagonistic fungi.

Fungi Air-dried mycelial Yiclds of crude extracts (g)

i mats (g) hexane EtOAc MeOH
Chaetomium aureum MB601 49,93 1335 3.004 1.892
Chaetomium bostrychodes PR101 36.49 0.625 1.098 3492
Chaetomium cochliodes RY301 37.09 0430 1352 1.503
Chaetomium cupreum NB201 49.92 0927 2.032 1.327
Chaetomium cupreum RY202 48.54 1.012 1.083 2316
Gliocladium catenulatum RY102 45.38 0.343 0257 1.322
Gliocladium catenulatum RY111 38.65 0415 0916 1.234
Trichoderma harzianum RY 101 40.20 0.996 0.450 1.207
Trichoderma harzianum RY 104 70.27 2331 1.333 4.113
Trichoderma harzianum RY 112 42.37 1.172 0.453 1.365

In vitro antifungal metabolites against Pythium aphanidermatum RY803

Antifungal activities of crude extracts on mycelial growth of P.
aphanidermatum RY803 were recorded at 2 days (Fig. 1 and Table 2). Crude
EtOAc extract from Chaetomium cochliodes RY301 at concentration of 100,
500 and 1,000 pg/ml and Trichoderma harzianum RY112 at concentration of
500 and 1,000 pg/ml gave colony diameter of P. aphanidermatum RY803 by
3.23, 1.83, 1.45, 2.75 and 1.48 cm, respectively (Table 2). The data of colony
diameter were transformed into percent of mycelial growth inhibition. The
results indicated that crude EtOAc extract from C. cochliodes RY301 gave the
greatest inhibition on mycelial growth of P. aphanidermatum RY803 by 63.40
and 71% at concentration of 500 and 1,000 pg/ml, respectively (Fig. 1) while
crude EtOAc extract from T. harzianum RY112 could inhibit the mycelial
growth of P. aphanidermatum RY803 by 70.04% at concentration of 1,000
pg/ml, and the other crude extracts inhibited mycelial growth of P.
aphanidermatum RY803 less than 50% at all tested concentrations.
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50 100 500 1,000 : 50 100 500 1,000 ‘.
Fig.1. Colony growth of Pythium aphanidermatum RY803 on PDA containing crude hexane,
EtOAc and MeOH extracts from promising antagonistic fungi at 0, 10, 50, 100, 500.and 1,000
ng/ml concentrations. A. Chaetomium aureum MB601, B. Chaetomium bostrychodes PR101,
C. Chaetomium cochliodes RY301, D. Chaetomium cupreum NB201, E. Chaetomium cupreum
RY202, F. Gliocladium catenulatum RY102, G. Gliocladium catenulatum RY111, H.
Trichoderma harzianum RY 101, 1. Trichoderma harzianum RY104 and J. Trichoderma
harzianum RY112.
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Table 2. Colony diameter of Pythium aphanidermatum RY803.

Colony diameter of

Cr ude extnc.ts ?r fungi Pythium aphanidermatum RY803 at each concentration (¢cm)

promising antagonistic fungi 0 10 50 100 500 1,000
Chaetomium aureum MB601
Hexane 5a S5a S5a 5a S5a S5a
EtOAc 5a S5a 5a 5a 5a 5a
McOH Sa 5a Sa S5a S5a 5a
Chaetomium bostrychodes PR101
Hexane 5a S5a 5a S5a S5a 5a
EtOAc 5a 5a S5a S5a S5a 5a
MeOH 5a S5a S5a S5a Sa S5a
Chaetomium cochliodes RY301
Hexane S5a 5a S5a 5a S5a 5a
EtOAc 5a 5a S5a 323b 1.83¢ 145d
MeOH S5a S5a S5a 5a S5a S5a
Chaetomium cupreum NB201
Hexane S5a 5a 5a S5a S5a 5a
EtOAc 5a 5a 5a 5a 5a 5a
MeOH Sa 5a S5a S5a S5a 5a
Chaetomium cupreum RY202
Hexane 5a S5a 5a 5a S5a S5a
EtOAc 5a 5a 5a 5a S5a S5a
McOH S5a S5a S5a S5a S5a S5a
Gliocladium catenulatum RY102
Hexane 5a 5a 5a S5a S5a S5a
EtOAc S5a Sa S5a Sa S5a S5a
MeOH 5a Sa S5a S5a Sa Sa
Gliocladium catenulatum RY111
Hexane S5a S5a 5a S5a 5a 5a
EtOAc 5a 5a S5a 5a 5a 5a
MeOH 5a 5a 5a Sa 5a 5a
Trichoderma harzianum RY 101
Hexane S5a Sa S5a S5a S5a S5a
EtOAc 5a 5a 5a 5a 5a 5a
MeOH 5a 5a 5a S5a 5a 5a
Trichoderma harziamum RY 104
Hexane 5a S5a 5a S5a 5a 5a
EtOAc 5a Sa 5a 5a Sa Sa
MeOH 5a 5a 5a 5a S5a 5a
Trichoderma harzianum RY 112
Hexane S5a S5a 5a S5a 5a 5a
EtOAc 5a S5a 5a 5a 275b 148¢
MeOH Sa 5a Sa S5a Sa Sa

¥Average of four replications. Means followed by a common letter in cach promising antagonistic fungus are not
significantly different at P=0.01 by Duncan’s Multiple Range Test.

Antifungal activities of crude extracts on oospore formation of P.
aphanidermatum RY803 were recorded at 10 days (Tables 3). All tested crude
extracts significantly inhibited oospore formation of P. aphanidermatum RY803.
Particularly, crude EtOAc extract of C. cochliodes RY301 at 1,000 pg/ml gave
the most inhibition effect on oospore formation of P. aphanidermatum RY803 by
an average of 88.95%. The data of oospore inhibition were computed into
effective dose (EDsg) values at each crude extract. Crude EtOAc, MeOH and
hexane extract from C. cochliodes RY301 gave the greatest EDsg at 64, 84 and
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178 ng/ml, respectively followed by crude EtOAc extract from C. aureum
MB601, crude EtOAc extract from T. harzianum RY101 gave the greatest EDs,
at 368 and 473 pg/ml, respectively.

Besides, mycelial growth and oospore formation of P. aphanidermatum
RY803 on PDA added with crude EtOAc extract from C. cochliodes RY301
showed abnormal features. Hyphae, oogonia and oospores formed abnormal
protoplasm in cell and demonstrated uncommon shape (Fig. 2).

Table 3. Percent inhibition of oospore formation of Pythium aphanidermatum
RY803

Inhibition of oospore formationY (%) of

Crude extracts of . . . EDs

promising antagonistic fungi olfyﬂuum l%;hamderma;z:)m RYS803 a; ;;ch coaceust;hon (ngl/:;(l,)o /)
Chaetonium aureum MB601
Hexane 0k 835j 9.71i 1254h 1283 h 12.83h NF
EtOAc 0k 1785¢g 33924 41.59¢ 4933b 5827a 368
MeOH 0k 8.13j 8.53j 29.66 f 3059¢f  315l1e 6,582
Chaetomium bostrychodes PR101
Hexane Oe 0.72¢ 5.12d 2627¢ 2946b 3140a 2,744
EtOAc 0d 9.50c 3488b 35.13b 36.51b 55.04a 753
MeOH Oe 15.20d 36.16¢ 37.19b 37.23b 5798a 662
Chaetomium cochliodes RY301
Hexane 0j 2633h 38.77fF 56.83 e 57.12¢ 5769¢ 178
EtOAq 0j 25.11h 3296¢g 6193d 82.72b 8895a 64
MeOH 0j 20381 27.63h 57.72¢ 6191d 70.10c¢ 84
Chaetomium cupreum NB201
Hexane 0j 1.90 19.00 h 3500¢ 37.08¢ 6193 a 575
EtOAc 0j 1.34j 2628 f 50.60 ¢ 58.17b 58200 297
MeOH 0j 8.32i 23.08¢g 4561d 5221¢ 57.86b 543
Chaetomium cupreum RY202
Hexane 0d 0.66d 843 ¢ 28.49b 3321b 4750 a 976
EtOAc of 10.09¢ 1895d 28.09¢ 33.55b 56.49a 994
MeOH 0d 13.58 ¢ 21.78 ¢ 36.09b 37.13b 5822a 762
Gliocladium catenulatum RY102
Hexane 0k 7.78 ij 10.96 hi 13.92 fgh 21.04¢ 25.14d 45,615
EtOAc 0k 8.67j 11.66 ghi 18.18f 3466ab 3694ab 3515
MeOH 0k 5.03§ 15.05fg 29.70 ¢ 3387b 38.08a 2218
Gliocladium catenulatum RY111
Hexane 0j 8.28 hi 1132 gh 13.56 fgh 20.70d 2732¢ 40815
EtOAc 0j 1260gh  14.18 efgh 1960def 3384ab 38.73a 4,888
MeOH 0j 3.66 i) 1455defgh  16.10defg  2027de  3190bc 8,701
Trichoderma harzianum RY101
Hexane Om 5291 924k 1143] 13.751 1583h NF
EtOAc Om 1844 ¢ 33.713¢ 4346¢ 49.75b 54.07a 473
MeOH Om 861k 16.72h 3052f 33.12¢ 37464d 3,422
Trichoderma harzianum RY104
Hexane 0d 891c 11.74¢ 14.12bc 2156ab  24.58a NF
EtOAc 0d 11.15¢ 1390 be 19.53b 3577a 3823a 3,515
MeOH ' Oh 6.24g 1447 ef 29.89 be 3406ab 3847a 2136
Trichoderma harzianum RY112
Hexane 0j 7.05 hi 10.97 ghi 1347fgh  20.50de 2441d NF
EtOAc 0j 10.03ghi 13.18 fgh 18.94 def 45.18b 61.87¢ 617
MeQH 0j 5.771ij 14.64 efp 29.88 ¢ 37.99b 40.19b 2,034

YAverage of four replications. Means followed by a common letter in each promising antagonistic fungus were not
significantly different at P=0.01 by Duncan’s Multiple Range Test. NF = no effect.
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Fig. 2. Comparison of normal and abnormal mycelia, oogonia and oospores of Pythium
aphanidermatum RY803 on PDA added with crude EtOAc extract from Chaetomium
cochliodes RY301. A, B and C showed normal mycelia, cogonium and oospore, respectively.
D, E and F showed abnormal mycelia, oogonia and oospores, respectively. Bars. = 10 pm.

Crude hexane, EtOAc and MeOH extracts from 10 promising antagonistic
fungi C. aureum MB601, C bostrychodes PR101, C. cochliodes RY301, C.
cupreum NB201, C. cupreum RY202, G. catenulatum RY102, G. catenulatum
RY111, T. harzianum RY 101, T. harzianum RY 104 and T, harzianum RY 112
were tested to find out the most efficient antagonist for controlling pineapple root
rot caused by P. aphanidermatum RY803. C. cupreum, G. caienulatum and T.
harzianum have well known to be antagonist for plant disease control (Soytong,
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1992a, 1992b; Biren er al.; 1999; Ezziyyani et al., 2007). C. cupreum has been
reported to reduce leaf spot disease of corn caused by Curvularia lunata, rice
blast caused by Pyricularia oryzae, sheath blight of rice caused by Rhizoctonia
oryzae and tomato wilt caused by Fusarium oxysporum fsp. lycopersici
(Soytong, 1992a; 1992b). G. catenulatum was a mycoparasite of several fungal
genera including Aspergillus flavus and Sclerotium cepivorum (Biren et al.;
1999; Tsigbey et al., 1999). T. harzianum has been reported as biocontrol agent
for controlling Phytophthora capsici (Ezziyyani et al., 2007) and Pythium
ultimum (Naseby et al., 2000). In this study C. cochliodes RY301 was found to
be the greatest antagonist against P. aphanidermatum RY803 causing root rot of
pineapple. The results implied that the antagonistic mechanism of C. cochliodes
RY301 was lysis and antibiosis due to it produce some metabolites that could
inhibit mycelial growth, oospore formation and formed abnormal of hyphae,
oogonia and oospores. This result was supported by previous report (Phonkerd et
al., 2008) that C. cochliodes VThO1 and C. cochliodes CTh0S5 could produce four
new dimeric spiro-azaplilones, cochliodones A-D, two new azaphiliones,
chaetoviridines E and F, a new epi-chaetoviridin A, and known compounds,
chaetoviridin A, ergosterol, chaetochalasin A. Chaetoviridines E and
chaetochalasin A exhibited antimalarial activity against Plasmodium falcipulum
while cochliodones C, chaetoviridines E and F, chaetochalasin A expressed
antimycobacterial activity against Mycobacterium tuberculosis. Furthermore, C.
cochliodes VThO1 and C. cochliodes CTh0S were reported to be antagonistic to
Fusarium oxysporum f. Sp. lycopersici causing tomato wilt (Phonkerd et al.,
2008). Therefore it was possible that C. cochliodes RY301 might have the similar
active compounds that could be antagonist against P. aphanidermatum RY803.
In this study, it was pointed out that C. cochliodes RY301 could exhibit
inhibitory activity against P. aphanidermatum RY803.
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