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ABSTRACT

The research findings on tomato wilt collected from infested fields in
Bangkok, Phetchaboun, Tak, Nakhonratchasima, Burirum, Nongkhai, Sakonnakhon,
and Khonkaen provinces resulted to isolate and identify the causal agent as Fusarium
oxysporum f. sp. lycopersici race 2 according to confirmation work on morphological
and molecular phylogeny by sequencing the internal transcribed spacer (ITS) region
ITS1, 5.8S and ITS2 and a small portion of 18S rDNA and a small portion of the 28S
rDNA and AFLP marker.

The pathogenicity test and AFLP analysis revealed that 11 isolates were categorized
as non-pathogenic or avirulent group and 14 isolates were categorized as pathogenic group
which divided into 3 subgroups of low virulent (L), moderate virulent (M) and high
virulent (H). As a result, the isolates of KSoC02, NKRC09, SSoC03 and SSoC04
were shown to be non-pathogenic isolates. Isolate KK2 isolated from Northeast part
of Thailand was tested its pathogenicity to cause wilt symptom on tomato Sida var
which susceptible to standard tested isolate F. oxysporum f. sp. lycopersici race 2.
This work provided new information on formae specialis of F. oxysproum f. sp.
lycopersici which could classify as race 2 that can cause wilt to different varieties of
tomato e.g. Cheery and Sida varieties rather one variety.

The antagonistic fungi of Chaetomium brasilense CBO1, Chaetomium

cupreum CCO03, Chaetomium elatum ChEQ, Chaetomium Ilucknowense CLTOl,

il



Emericella nidulans ENO1, and Emericella rugulosa ERO]1 were proved to antagonize
F. oxysporum f. sp. lycopersici NKSCO02. The antagonism test demonstrated the
antagonistic activity of Ch. brasilense CB01, Ch. cupreum CCO03, Ch. elatum ChEQ1,
Ch. lucknowense CLTO1, E. nidulans ENO1 and E. rugulosa ERO1 to inhibit the
conidial production of F. oxysporum f. sp. lycopersici NKSCO02. Bioactivities tests of
crude extracts and pure compounds from tested antagonistic fungi were proved as a
control mechanism. To elucidate the control mechanism involved in the inhibition of
F. oxysporum f. sp. lycopersici, crude extracts of Ch. brasilense CB01, Ch .cupreum
CCO03, Ch. elatum ChEO1, Ch. Ilucknowense CLTO1, E. nidulans ENOl and E.
rugulosa ER0O1 were confirmed for antifungal activity against of F. oxysporum f. sp.
Iycopersici NKSC02. The other control mechanism involved in releasing antibiotic
substances to inhibit F. oxysporum f. sp. lycopersici. All tested crude extracts of Ch.
brasilense CBO1, Ch.cupreum CC03, Ch.elatum ChEO1, Ch .lucknowense CLTO01, E.
nidulans ENO1 and E .rugulosa ER0O1 were significantly inhibited conidia production
of F. oxysporum {. sp. lycopersici.

It is clearly demonstrated that a pure compound produced by E. rugulosa
ERO01, Chaetoglobosin C, a pure compound produced by Ch. elatum ChEO1 and Ch.
luckowense CLTO1, inhibited conidia production of F. oxysporum f. sp. lycopersici
NKSC02 with the EDsy value of 5.94 pg/ml. Moreover, tajixanthone, a pure
compound produced by E. rugulosa ERO1, inhibited conidia production of F.
oxysporum f. sp. Iycopersici NKSCO02 with an EDsp value of 167 pg/ml.
Chaetoglobosin C and tajixanthone are expressed as a antibiotic substances to destroy
the pathogen cells implies antibiosis.

Inocula of F. oxysporum f. sp. Iycopersici (1 x 107 spores/ml) were mixed
with chaetoglobosin-C and tajixanthone and inoculated to tomato seedlings caused no
symptoms at day 21 while the treatment with pathogen alone showed significantly
highest disease severity index. With this, no wilt incidences were appeared at all
tested concentration of 10, 50 and 100 pg/ml of either Chaetoglobosin C or
tajixanthone. It is stated that chaetoglobosin-C and tajixanthone affected directly to
the pathogen inocula implies antibiosis which the occurrences of ruptured cells and
abnormal conidia of pathogen.

The research findings indicated that treated tomato seedlings var Sida with
crude EtOAc of E. rugulosa at 1000 pg/ml gave significant lower DSI from treated
with crude EtoAC of E. rugulosa at 500 pg/ml when compared to the inoculated
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with F. oxysporum f£. sp. lycopersici NKSC02. Disease immunity of Fusarium wilt in
Sida variety appeared the highest immunity when treated with crude EtOAc at 1000
pg/ml and followed by treated with crude EtOAc at 500 pg/ml. Microbial extracts
expressed to induce immunity in term of microbial elicitors.

Ch. elatum ChEOl, E. nidulans ENO1 and to E. rugulosa ERO01 were
formulated as oil and powder bioformulations gave a good result to control wilt of
tomato var Sida caused by F. oxysporum f. sp. lycopersici NKSC02 race 2. The
treated tomatoes showed the lowest wilt incidence in oil and powder bioformulations
from Ch. elatum ChEO1, E. nidulans ENOl and to E. rugulosa ERO1 which
significantly differed from Prochoraz and inoculated control. The application of oil
bioformulation from E. rugulosa could reduce wilt incidence and followed by
application of powder bioformulation and Prochoraz whichalso reduced wilt
incidence. Based on the result, oil bioformulation from Ch.elatum ChEO1, E.
nidulans ENO1 and E. rugulosa ERO1 gave significantly better plant parameters in
terms of plant height, plant weight, root weight, number of fruits and fruit weight than
powder bioformulation and Prochoraz when compared to the inoculated control with
F. oxysporum £. sp. lycopersici. It is suggested that this new reports of bioformulation
of Ch. elatum ChEO1, E. nidulans ENO1 and E. rugulosa ERO1 could be applied to

control tomato wilt caused by F. oxysporum f£. sp. lycopersici in the fields.
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CHAPTER1
INTRODUCTION

1.1. Statement and Significance of the Problems

A tomato (Lycopersicon esculentum Mill.) is one of the most widely cultivated,
popular and important vegetable crops in the world. There is increasing demand in
developed countries for organic tomatoes, as well as heirloom tomatoes, to make up
for flavor and texture in commercial tomatoes. Tomato crop is usually attacked by
many kinds of diseases such as Fusarium wilt, bacterial wilt, and early blight (Agrios,
1997). Among these diseases, Fusarium wilt is one of the most serious diseases that
can cause serious economic losses in many countries. It is caused by Fusarium
oxysporum f. sp. lycopersici (Sacc.) Snyder and Hansen. Management of this
pathogen is very difficult due to their endophytic growth and persistence in soil. In
general, this pathogenic fungus is a limiting factor in the production of many crops
and accounts for 10 — 20 percent yield losses annually and can reach as high as 100
per cent (USDA, 2008). It has become one of the most prevalent and damaging
diseases wherever tomatoes are grown intensively because the pathogen persists
indefinitely in infested soils. The methods used to control vascular wilt are either not
very efficient or are difficult to apply. The best way is recommended to control the
disease would be selected resistant varieties of tomato (Silva and Bettiol, 2005).

Tomatoes may develop resistance to their race from pathogenic fungus. In
addition, there is a report from United State Department of Agriculture in 2008 that
the pathogenic fungus is expected to increase when methyl bromide is no longer
available. The pathogen has increased and become resistant to chemical fungicides
(Silva and Bettiol, 2005). For this reason, alternative methods with emphasis on
biological control using fungi or bacteria in controlling the disease have been studied
by several researchers to reduce fungicide application and decrease cost of plant
production. Recently, there are many reports that some species of fungi can be used as
source of biological fungicide to control the diseases (Soytong, 1992a).

At present, the control of most plant diseases is dependent on the use of
chemical fungicide because of its effectiveness, reliability, readily available and easy

to apply. However, there are several disadvantages of using chemical fungicides.



They are toxic not only to humans but also to other forms of life. The price of
chemical fungicide is rapidly increasing which is beyond the reach of ordinary
farmers. There are also many reports of environmental pollution due to injudicious
application of fungicides. Applications of chemical fungicides affect the
environmental condition and can be harmful to the ecosystem. Because of the
problems associated with the use of chemicals there is a felt need to search for an
alternative method of controlling the diseases which is not only effective and
economical but also safe to the environment.

Recently, the use of biological control of plant pathogens has been concerned
to the most plant pathologists and many researchers. There are many new species of
promising antagonists that can be used to control Fusarium wilt of tomatoes. The
biocontrol agents and their bioactive compounds extracted from different species of
antagonistic fungi were reported to inhibit the growth of many plant pathogenic fungi,
including Fusarium wilt of tomato (Kanokmedhakul et al., 2006 and 2003, Thongsri
and Soytong, 2004, Srinon et al., 2004, Suwannapong and Soytong, 2002 and
Sibounnavong, et al., 2009). The bioactive compounds, Trichotoxin A50 extracted
from Trichoderma harzianum PCO1; and Chaetoglobosin C extracted from
Chaetomium globosum. These compounds have also been reported to elicit resistance
or immunity in plants by inducing oxidative burst in plant cells (Soytong, et al.,
2001).

1.2. Objectives

The general objective was to evaluate the biological activities of antagonists
and its bioactive compounds against Fusarium oxysporum £. sp. lycopesici.

Specificaily, the study was aimed to:

1.2.1. To collect, isolate and identify antagonistic fungi and pathogen by
morphological study and molecular phylogeny.

1.2.2. To study the genetic relationship among F. oxysporum isolates by
pathogenicity test and AFLP marker.

1.2.3. To determine the property of antagonistic fungi for biological control of
Fusarium wilt of tomato in vitro.

1.2.4. To find out the most effective bioformulations of antagonistic fungi to

control Fusarium wilt of tomato in pot experiment



1. 3. Scope of the Study

This research work was covered for collection, isolation and identification of
the pathogen from infested soil of tomato’s field in Bangkok, Tak and Phetchaboun.
Twelve isolates of F. oxysporum f. sp. lycopersici, which isolated from Burirum,
Khonkaen, Nongkhai, Nakhonratchasima and Sakon-nakhon provinces in Thailand
were obtained from Assist. Prof. Dr. Chamaiporn Charoenporn (Nakhonratchasima
Rachabhat University, Nakhonratchasima, Thailand). All the isolates of the pathogen
were to study for genetic variation by using AFLP marker and pathogenicity test. The
most effective isolate of F. oxysporum f. sp. lycopersici was used as causal agent in
the further experiment. The biological activities of antagonistic fungi including Ch.
brasilense, Ch. cupreum, Ch. elatum, Ch. lucknowense, E. nudulans, and E. rugulosa
were studied their ability for controlling of Fusarium wilt of tomato by Bi-culture test
and crude extracts of the antagonists bioassay. Two pure compounds namely
Chaetogoblosin-C and tajixantone were purified from Ch. elatum, Ch. lucknowense,
and E. rugolosa were determined for their fungal metabolite to control the pathogen in
the laboratory. Moreover, the antagonistic fungi were evaluated the most effective
bioformulations of antagonistic fungi to control Fusarium wilt of tomato in pot

experiment.

1.4. Time and Place of the Research Work

The study was conducted at the Biocontrol Research Unit & Mycology Section,
Faculty of Agricultural Technology, King Mongkut’s Institute of Technology, King
Mongkut’s Institute of Technology Ladkrabang, Ladkrabang, (KMITL), Bangkok,
Thailand. The study of genetic variation of the pathogen by using AFLP technique
was conducted at Department of Plant Pathology, Faculty of Agriculture,
Kamphaengsaen campus Kasetsart University. The research work of thesis was

started from June 2009 until April 2012.



CHAPTER II
LITERATURE REVIEW

2.1 Characteristics of Tomato Plant

The tomato (Lycopersicon esculentum) is native to South America. Genetic
evidence shows that the progenitors of tomatoes were herbaceous green plants with
small green fruit with a center of diversity in the highlands of Peru. The tomatois
aherbaceous, usually sprawling plant in the Solanaceae nightshade family that is
typically cultivated for the purpose of harvesting its fruit for human consumption. The
fruit of most varieties ripens to a distinctive red color. Tomato plants typically reach
to 1-3 meters (3-10 ft) in height, and have a weak, woody stem that often vines over
other plants. The leaves are 10-25 centimeters (4—10 in) long, odd pinnate, with 5-9
leaflets on petioles, each leaflet up to 8 centimeters (3 in) long, with a serrated
margin; both the stem and leaves are densely glandular-hair. The flowers are 1-2
centimeters (0.4-0.8 in) across, yellow, with five pointed lobes on the corolla; they
are borne in a cyme of 3-12 together. It is a perennial, often grown outdoors in

temperate climates as an anniial (Acquaah, 2002)

2.2. Cultivation

Tomato is one of the most widely cultivated crops in the worldwide. Word
tomato production in 2009 was about 150 million tons while tomatoes were produced
in the world in 2007 and 2001 were about 125 million and 105 million tons
respectively. As it is a relatively short duration crop and gives a high yield, it is
economically attractive and the area under cultivation is increasing daily. According
to FAOSTAT(2009), China, the largest producer, accounted for about one quarter of
the global output, followed by United States and India as shown in Table 2.1.

2.3. Varieties of Tomato
There are more than 4,000 varieties of tomato and are roughly divided into
several categories, based mostly on shape, use size (small to large) and color.

Botanically, the tomato is a fruit (FAOSTAT, 2009).



Table 2.1. Tomato production in the world in 2009 (in Tons)

Top tomato producers in 2009 (in Tones)

China 45,365,543
United States 14,141,900
India 11,148,800
Turkey 10,745,600
Egypt 10,000,000
World Total 152,956,115

Food and Agriculture Organization, (FAOSTAT, 2009)
Source: http:// en.wikipedia.org/wiki/Tomato.

However, in 1893, the U.S. Supreme Court declared it a vegetable. Tomato
varieties are commonly divided into these categories: cherry sweet tomatoes, usually
eaten whole in salads. Plum is a pear shaped, meatier, ideal for tomato products, also
called Italian or Roma. Slicing is round or globe-shaped, used mainly for commerce
and processed products. Beefsteak is rounding, juicy, used mainly for sandwiches.
Other varieties include heirlooms, green, orange and yellow tomatoes. Yellow and
orange tomatoes tend to be sweeter than red and green varieties; only red tomatoes,

which contain a red pigment, contain lycopene (www. Plants.usda.gov).

2.4. Nutrition of tomato

Tomatoes are now grown and eaten throughout the world. It is used in diverse
ways, including raw in salads and processed into ketchup and tomato sauces. They
contain a lot of vitamin and lycopene which is the most powerful natural antioxidants
(Table 2.2). In some studies, lycopene, especially in cooked tomato has been found to
help prevent prostate cancer (http//www.whoods.com). Lycopene has also been
shown to protect oxidative damage in many epidemiological and experimental
studies. In addition to its antioxidant activity, other metabolic effects of lycopene have
also been demonstrated. The richest source of lycopene in the diet is tomato and
tomato derived products (Evangelia et al., 2005). Tomato consumption bas been
associated with decreased risk of breast cancer (Zhang et al., 2009) head and neck

cancers (Freedman et al, 2008) and might be strongly protective against



neurodegenerative diseases (Rao and Balachandran, 2002; Fall er al., 1999;
Suganuma et al., 2002).

Table 2.2. Nutritional value of red tomato per 100 g

Nutritional value of red tomato per 100g

Energy 18 Kcal
Carbohydrates 39¢g
Sugar 26¢g
Dietary fiber 12¢g
Fat 02g
Protein 09¢g
water 945 ¢
Vitamin A 42 ug
Vitamin C 14 mg
Vitamin E 0.54 mg
Vitamin K 237mg
Lycopene 2573 ug

Source: USDA Nutrient Database (2008)
2.5. Fusariumwilt of tomato, causes and symptoms

Fusarium wilt of tomato is caused by Fusarium oxysporum f. sp. lycopersici
(Sacc) Snyder and Hansen. Economic losses can result in tomato production
especially when susceptible varieties of tomatoes are grown under warm climate,
sandy soil, low nutrients in nitrogen and phosphorus content but high in potassium
and low pH in the areas where tomatoes are grown intensively. Fusarium wilt has
become one of the most prevalent and damaging diseases because the pathogen is
persistent and may indefinitely infest the soils. The symptoms of this disease include
strong downward bending of petioles; yellowing, wilting and drying of the lower
leaves, often on one side of the plant extensive root necrosis resulting in stunted plant
growth and under warm conditions, the plant may die (Agrios, 1997).

In general, Fusarium wilt first appears as slight vein clearing on the outer

portion of the younger leaves, followed by downward drooping of the older leaves. At



the seedling stage, if the plants are infected by F. oxysporum, they may wilt and die
soon after the symptom appears. In older plants, vein clearing and leaf epinasty are
often followed by stunting, yellowing of the lower leaves, and formation of
adventitious roots, wilting of leaves and young stems, defoliation, marginal necrosis
of remaining leaves, and finally death of the entire plant (Agrios, 1997). Browning of
the vascular tissue is strong evidence of Fusarium wilt. Furthermore, on older plants,
symptoms generally become more apparent during the period between blossoming
and fruit maturation (Smith er al., 1988). The possible hosts of Fusarium oxysporum
do not only include tomatoes but also potatoes, sugarcanes, garden beans, cowpeas,
prickly pears, cultured zinnias, pansies, Assam rattleboxes, Baba’s breaths, and Musa
sp. like other plant pathogens, Fusarium oxysporum has several specialized forms —
known as formae specialis (f. sp.), that infect a variety of hosts causing various
diseases. These include Fusarium oxysporum f. sp. asparagi (Fusarium yellow on
asparagus); f. sp. Iycopersici (wilt on tomato); f. sp. callistephi (on China aster); f. sp.
cubense ( Panama disease wilt on banana); f. sp. dianthi (wilt on carnation); f. sp.
koae (on koa); f. sp. melonis (on muskmelon); f. sp. nuvenum (wilt on watermelon) ; f.
sp. pisi (on edible pea pod ); f. sp. tracheiphilum (wilt on Glycine max ); and f. sp.

zingiberi (Fusariumyellow on ginger) (Jones et al., 1991).

2.6. Biology of the pathogen

In solid culture media such as potato dextrose agar (PDA), the special forms of
F. oxysporum can have varying appearances. In general, the aerial mycelia first
appear white, and then change to a variety of color ranging from violet to dark purple
according to the strain (or special form) of F. oxysporum. If sporodochia are
abundant, the culture may appear cream or orange in color (Smith et al., 1988). F.
oxysporum produces three types of asexual spores such as microconidia,
macroconidia and chlamydospores (Agrios, 1997). Microconidia are one or two
celled, and are the type of spore most abundantly and frequently produced by the
fungus under all conditions. It is also the type of spore most frequently produced with
vessels of infected plants. Macroconidia are three to five celled, gradually pointed and
curved toward the ends. These spores are commonly found on the surface of plants
killed by this pathogen as well as in sporodochia-like groups. Chlamydospores are

round, thick-walled spores, produced either terminally or intercalary on older mycelia



or in macroconidia (Domsch et al., 1993) and Booth (1971) reported that F.
oxysporum produced fast growing colonies which reach 4.5 — 6.5 cm in diameter in
the fourth day at 25° C, aerial mycelia are sparse to abundant and floccose, becoming
flat, white or peach, but usually with a purple or tinge of violet. Microconidia are
generally abundant and mostly borne on short simple lateral phialide or from sparsely
branched conidiophores and never form chains, mostly 3 - 5 septate, ellipsoidal to
cylindrical, straight or often curved, 5 - 12 x 2.3 - 3.5 pm. Chlamydospores are
terminal or intercalary in hyphae. Conidia are hyaline, smooth — walled or rough end;

5-15 um. Sclerotial pustules are present in some isolates, pale to green or deep violet.

2.7. Disease cycle

Fusarium oxysporum are abundant and active saprophyte in the soil and
organic matter, with some specific forms which are pathogenic to plants. Its
saprophytic ability enables it to survive in the soil between crop cycles in infected
plant debris (Smith er al., 1988).The fungus can survive either as mycelia, or as any of
its three different spore types. Healthy plants can be infected by F. oxysporum. If they
are grown in soil contaminated with the fungus. The fungus can invade a plant either
with its sporangial germ tube or mycelium by invading the roots of the plants. The
roots can be infected directly through the root tips, through wounds in the roots or at
the formation point of the lateral roots. Once inside the plant, the mycelium grows
through the root cortex intercellular. When the mycelium reaches the xylem, it
invades the vessels through the xylem pits. At this point, the mycelium remains in the
vessels, where it usually advances upwards toward the stem and crown of the plant.
As it grows the mycelia branch and produce microconidia, which are carried upward
within the vessel by way of the plants sap stream. When the microconidia germinate,
the mycelia can penetrate the adjacent xylem vessels through the xylem pits. Due to
the growth of the fungus within the plant’s vascular tissue, the plant’s water supply is
greatly affected. This lack of water induces the stomata to close, the leaves wilt, and
the plant eventually dies. At the point, the fungus invades the plant’s parenchymatous
tissue until finally reaching the surface of the dead tissue, it sporulates abundantly.
The resulting spores can then be used as new inocula for further spread of the fungus.

The fungus invades all tissues; however, if the temperature is low, the infected plants
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very effective antagonist of various soil microorganisms (Aggarwal et al., 2004;

Dhingra et al., 1987; Soytong et al., 2001).

In Thailand, Chaetomium species were screened for their abilities as
antagonist in 1989 (Soytong et al., 2001). It has also been reported that some isolate
of Ch. globosum produce antibiotic substances that can suppress the damping — off of
sugar beet cause by Pythium ultimum (Di-Pietro et al., 1991). Ch. cupreum and Ch.
globosum have been reported to reduce leaf spot disease of corn cause by Curvularia
lunata, rtice blast cause by Pyricularia oryzae, sheath blight of rice cause by
Rhizoctonia oryzae and tomato wilt cause by Fusarium oxysporum f.sp. lycopersici
(Soytong, 1992). Moreover, Chaetomium species are noted for their secondary
metabolites content with biological activities. Several types of pure compounds have
been investigated from Chaetomium species e.g. benzoquinone derivatives (Brewer et
al., 1968). A new anthraquinone — chromanone compound named chaetomanone and
seven known compounds, ergosterol, ergosterylpalmitate, chrysophanol,
chaetoglobosin C, alternariolmonomethyl ether, echinuline and isochaetoglobosin D
were found from Ch. globosum KMITL-No802 and also reported that chaetomanone
and echinulin showed activity towards Mycobacterium tuberculosis (Kanokmedhakul
et al., 2001). The searches for promising microbial antagonists have been increased
tremendously to control diseases. There were numerous reports indicating that Ch.
globosum could control seedling blight of wheat caused by Helminthosporium
victoriae (Tveit and Moore, 1954). Spraying the spore suspension of Ch. globosum
could significantly control apple scab caused by Venturia inequalis (Cullen et al.,
1984).

Ch. cupreum was also reported to be antagonistic to Phomopsis sojae which is
a seed-borne pathogen of soybean(Manandhar et al., 1986) and could significantly
reduce the growth of seed-borne pathogen of rice e.g. Curvularia lunata, Drechslera
oryzae, Fusarium moniliforme, and Pyricularia oryzae (Soytong, 1992). Ch.
globosum was reported to significantly suppress tomato wilt in Thailand caused by
Fusarium oxysporum f. sp. lycopersici, and Pseudomonas solanacearum (Soytong,
1990 and 1991) while Ch. cupreum could control tomato wilt in the fields (Soytong,
1992). The effective strains of Chaetomium spp. have been formulated as biological
products in the forms of pellet and powder (Soytong, 1993) could effectively control
many soil borne plant pathogens (Soytong, 1996). Moreover, the Chaetomium product
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has a good potential in control of Thielaviopsis Bud Rot of Bottle palm caused by
Hyophorbela genicaulis (Soytong et al, 2005).

The findings of new antagonistic fungi are in progress, Emericella nidulans
strain (ENO01),Chaetomium elatum strain (CEO1), Emericella rugulosa strain (ER01)
and Chaetomium cochlioides strain CH-VT were reported to be promising
antagonistic fungi against plant pathogens in Thailand (personal communication to
Dr. Kasem Soytoy). Phonkerd et al (2008) reported that Chaetomium cochlioides
strain Vth01 and CTh 05 can produce new dimericspiro-azaplilones, cochliodones,
two new azaphlones, (Figure 2.2) chetoviridines E and F, a new epi-chaetoviridin A
that exhibited antimalarial activity against Plasmodium falciparum and
antituberculosis against Mycobacterium tuberculosis, and cytotoxicity against KB,

BC1 and NCI-H187 cell lines.

These are promising antagonistic fungi that may possibly produce antibiotics
against plant pathogen that implies antibiosis. Moosophon et al (2007) reported that
chromatographic separation of the crude hexane extract from E. rugulosa strain ER,
Ch. elatum strain CE and Ch. cochlioides strain CH-VT from Dr. Kasem Soytong of
KMITL, Bangkok, Thailand has led to the isolation of 6 xanthonesshamixanthone (1),
isoemericellin  (2), tajixanthone (3), tajixanthonemethanoate (4), 14-
methoxytajixanthone-25-acetate (5), and tajixanthone hydrate (6). Their structures
were identified by spectroscopic method. Removal of solvent from each extract gave
crude hexane (8.3g), EtOAc (5.9g), and MeOH extracts (10.9g). The bioactivity
evaluation of these isolated compounds is in progress and expressed to be inhibition

of some fungal plant pathogens.
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Figure 2.2. Chemical structures of the isolated compounds from Chaetomium
cochlioides strain Vth01 and CTh 05 (Phonkerd et al., 2008).

In this research finding of E. nidulans strain EN, Ch. elatum strain CE, E.
rugulosa strain ER and Ch. cochlioides strain CH-VT was firstly reported for those
fungi to release some antibiotic substances against human and plant pathogens. Some
of these compounds exhibited activity towards Plasmodium falciparum (cause of
malaria), Mycobacterium tuberculosis (TB), Candida albicans and cancer cell lines
(KB, BC and NCI-H187). Those compounds also showed activity against plant
diseases such as Phytophthora sp. causing root rot of plants and Colletotrichum
gloeosporioides causing anthracnose disease (personal communication, Dr. Kasem
Soytong). Figure 3 shows the chemical structures of the isolated compounds.
Furthermore, Ch. cochliodes VTh 01 and C. cochliodes CTh 05 were reported to be
antagonistic to F. oxysporum fsp. lycopersici causing tomato wilt (Phonkerd et al.,
2008), Chaetominedione is reported as a new tyrosine kinase inhibitor isolated from

the algicolous marine fungus Chaetomium sp. (Abdel, 2008).
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shamixanthone (1) isoemericellin (2)

tajixanthone methanoate (4) 14-methoxytajixanthone-  tajixanthone hydrate (6)
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Figure 2.3. Chemical structures of the isolated compounds from Emericella rugulosa
strain ERQ1(Moosophon et al., 2007)

The bioactive compounds from antagonistic fungi against plant pathogens
have been studied by some researchers which act as one of the control mechanisms
that implies antiobiosis. Srinon et al. (2004) reported that thebioactive compounds
extracted from Scleroderma citrinum and Ch. globosum CG were tested to inhibit
spore production of plant pathogenic fungi e.g. Colletotrichum gloeosporioides (citrus
anthracnose), Fusarium oxysporum f. sp. lycopersici (tomato wilt), Phytophthora
parasitica (root rot of citrus) and P. palmivora (root rot of black pepper). Results
showed that tested bioactive compounds significantly inhibited sporulation of tested
pathogens.

Talubnak et al. (2010) reported that the bioactive compound extracted from
Chaetomella sp. coded as CH/E gave the highest inhibition of F. oxysporum f. sp.
lycopersici causing tomato wilt with the EDsy value of 1.09 pg/ml that is
significantly different when compared to the non-treated one and followed by the
bioactive compounds coded as CH/H (Chaetomella sp), CgChi/H, CgChi/M,
CgChi/E (Chaetomium cochliodes) and BYE (Beauveria bassiana) with the EDsg
values of 108, 203, 323, 416 and 817 ug/ml, respectively. They also reported that the
bioactive compounds coded Bb/H extracted from Beauveria bassiana gave the highest
inhibition of Phytophthora parasitica causing pummelo root rot with the EDsg of 95
ug/ml followed by the bioactive compounds coded as SKP04 (Emericella rugulosa),
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Bb/M (Beauveria bassiana), Bb/E (Beauveria bassiana), CgChi/H (Chaetomium
cochlioides) with the EDso values of 117, 133, 254, 877 and 808 pg/ml, respectively.

2.9. Emericella as antagonistic fungus

E. nidulans belongs to Ascomycota. Its colony shows dark green and brown.
Colony is growing fast on coconut water dextrose agar (CWDA) medium at room
temperature (Sibounnavong et al., 2009). Fruiting structure globose, 125-150 um
surrounded with hullee cells, ascospores purple red, lenticular, smooth walled with
two equatorial crests. It can produce anamorph (imperfect stage) namely Aspergillus
nidulans which produces conidia on phialides, phialide borne in head or vesicle that
stand on phialophore and food cell (Domsch et al, 1993).

E. nidulans exerted inhibitory activity against F. oxysporum f.sp. lycopersici
in bi-culture test, the conidia and hyphae of the pathogen were deformed, abnormal in
shape and showed plugs of protoplast inside cells. Moreover, the crude extract of E.
nidulans by methanol solvent could inhibit the mycelia growth and spore production
of F. oxysporum f.sp. lycopersici in-vitro (Sibounnavong et al, 2009).

The mycofungicide oil and powder formulations of E. nidulans gave highly
significant to control Fusarium wilt of tomato caused by F. oxysporum f. sp.
Iycopersici. It is also noted that tomato treated with oil and powder formulations of E.
nidulans gave the highest yield such as fruit weight, number of fruit per plant when
compare to the treatment that treated with chemical fungicide (Sibounnavong et al,
2010).

2.10. Molecular study

Morphological characterizations of Fusarium species which emphasize on
microscopic and cultural characteristics are not sufficient to characterize Fusarium
oxysporum f. sp. lycopersici (FOl) from tomato as these characteristics could easily
influence by environmental factors. As an alternative molecular methods were used to
characterize and to assess genetic variation of FOI from different tomatoes cultivars.
Knowledge on the genetic variation is important to determine the genetic relationship
between FOlI isolates from different tomatoes cultivars. The Fusarium species have
traditionally been differentiated by their morphological characteristics on selective

media (Burgess et al., 1994). However, identification of pathogenic types, or forma
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speciales and races of Fusarium oxysporum using morphological features is not
enough for identification. An inoculation assay using tester plants has been a popular
approach of identification of forma speciales. However, this is a time-consuming
approach; thus necessitating development of other methods (Woo et al., 1994).
Recently, molecular markers have become popular for identifying species and
subspecies in fungi. Some of the techniques that have been reported include amplified
fragment length polymorphisms (AFLP) (Vos et al., 1995), random amplified
polymorphic DNA (RAPD) (Kalc et al., 1996), and restriction fragment length
polymorphisms (RFLP) (Baayen et al., 2000) direct amplification of length
polymorphism among others. Differentiation of the Fusarium species/subspecies
based on comparison of DNA sequences of the ribosomal DNA (rDNA) and internal
transcribed spacer (ITS) regions have been reported (Schilling et al., 1996). More
recently, Hirano and Arie (2006) have reported differentiation of Fusarium
oxysporum f. sp lycopersici and f .sp radicislycopersici by a polymerase chain
reaction (PCR)-based method using specific primer sets developed from the
knowledge of the partial nucleotide sequences of the endo (pgl) and exo (pgx4)
polygalacturonases genes of the fungi. Latiffah er al. (2009) stated that Three
Fusarium species, F. oxysporum, F. proliferatum and F. solani were isolated from the
root and stem rot of Dendrobium orchid. Their pathogenicity showed that the three
Furarium species were pathogenic causing root and stem rot on the orchid. Molecular
characterization using PCR-RFLP of ITS+5.85 regions showed that the isolates
produced similar pattern and UPGMA cluster analysis clearly grouped them were
associated with root and stem rot of Dendrobium orchid.
~ Most of Fusarium spp is known as plant pathogenic strain, that cause many
diseases such as wilt, root rot and crown rot diseases on a various variety of crops
(Nelson et al., 1981). Many researches on Fusarium spp. have been focused on
studying for plant pathogenic isolates (Mohammadi et al., 2004; Pasquali er al,
2004). However, the nonpathogenic groups represent a significant proportionality of
the isolates found and keep most genetic diversity within this species complex (Bao et
al., 2002). There is a large deal of genetic relationships between pathogenic and non-
pathogenic F. oxysporum isolates (Baayen et al., 2000). Skovgaard et al. (2002)
suggested that particular pathogenic isolates might germinate from non pathogenic
strains by mutations affecting a few loci. Some nonpathogenic isolates have been

studied to change from pathogenic isolates through loss of virulence (Skovgaard et
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al., 2002). James et al. (2000) reported that some isolates of Fusarium oxysproum
were highly virulent, whereas others were nonpathogenic fungi. Moreover, both
highly virulent isolate and nonpathogenic isolate are not different based on
morphological study. Therefore, methods are needed and importance to identify and
quantify population of highly virulence of F. oxysporum which are molecular
techniques that can be used to study. Baayen et al. (2000) and Mayak et al. (2004)
stated that molecular markers have been used to study genetic relationships for
pathogenicity in many group of fungi. Using the histone-H3 encoding gene and
amplified fragment length polymorphisms (AFLPs) could be used for studying
genetic differences between highly virulence, low virulence and nonpathogenic
isolates of F. oxysporum. These previous results suggested that molecular marker can
be used to separate these two phenotypes and compare the phylogenetic relationships
of highly virulent Fusarium spp. (Donaldson et al., 1995). Amplified fragment length
polymorphisms (AFLP) is a powerful technique in molecular marker for studying
relationships among isolates of fungi between population and species levels
(Cunningham, 1997; Kauserud and Schumacher, 2003; Nelson et al., 1983;
Skovgaard et al., 2003; Majer et al., 1998). Moreover, AFLP analysis has been used
to investigated genetic variation within and between among different Fusarium spp.

(Adb-Elsalam et al., 2002; Kiprop et al., 2002; Sivaramakrishnan et al., 2002).

2.11. Biolegical control

Biological control has become a potential for disease management. A variety of
soil microorganisms have demonstrated activity in the control of various soil borne
plant pathogens, inciuding Fusarium wilt pathogens. Fusarium-suppressive soils are
known to occur in many regions of the world, and suppression has generally been
shown to be biological in origin (Alabouvette et al, 1998).

Antagonists recovered from Fusarium-suppressive soils, especially
nonpathogenic F. oxysporum, have been used to reduce Fusarium wilt diseases of
several different crops (Larkin et al., 1991). Other biocontrol fungi, such as
Trichoderma and Gliocladium spp have been used to control a variety of fungal
pathogens, including Rhizoctonia, Pythium, Sclerotinia, Sclerotium and Fusarium
(Harman, 1991; Lewis et al., 1993 and 1995), and may also be effective against
Fusarium wilt diseases (Sivan and Chet., 1993 and Zhang et al,. 2009).
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In addition, several lesser-known groups of biocontrol fungi, including
Laetisaria, Stilbella, Cladorrhinum, and Penicillium spp., have been used to control
soil borne pathogens and may have activity against Fusarium diseases. Rhizobacterial
strains of Pseudomonas, Burkholderia, and Bacillus have been used to reduce disease
caused by a variety of soilborne pathogens, including Fusarium spp. (Decal et al.,
2004; Lewis et al., 1995).

Although many different biocontrol strains have showed a potential for some
degree of control of Fusarium diseases, strains which can provide the best control of
Fusarium wilt of tomato and have potential for effective implementation in
commercial agriculture have not yet been identified. It has been suggested that
microorganisms isolated from the root or rhizosphere of a specific crop may be better
adapted to that crop and may provide better control of diseases than organisms
originally isolated from other plant species Such plant associated microorganisms
may make better biocontrol agents because they are already closely associated with
and adapted to the plant or plant part as well as the particular environmental
conditions in which they must function (Cook, 1993).

The screening of such locally adapted strains has yielded improved biocontrol
in some cases. The combination of multiple antagonist organisms may provide to
improve disease control over the use of single organisms. Multiple organisms may
enhance the level and consistency of control by providing multiple mechanisms of
action, a more stable rhizosphere community, and effectiveness over a wider range of
environmental conditions. In particular, combinations of fungi and bacteria may
provide protection at different times or under different conditions, and occupy
different or complementary niches. Such combinations may overcome iqconsistencies
in the performance of individual isolates. Several researchers have observed improved
disease control using various combinations of multiple compatible biocontrol
organisms (Duffy et al., 1996). Lemanceau and Alabouvette (1991) have
demonstrated to enhance biocontrol of Fusarium wilt by combining certain
nonpathogenic strains of F. oxysporum with fluorescent strains of Pseudomonas.

Biological control is another way to avoid the environmental pollution to
minimize the intensive use of pesticide (Ibrahim, 2011). Trichoderma spp. were
commercially applied as biological control agents against fungal pathogen, where T.
harzianum was found to be effective against the growth of F. culmorum (Sharma,

1997) while the dual culture of T. harzianum and T. viride were most effective in

74434
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reducing the mycelia growth of F. oxysporum and Pythium aphanidermatum (Ark
and Thompson, 1959). Basic environmental conditions, such as temperature,
moisture, sunlight, and soil physical and chemical characteristics, can greatly affect
the physiology of the host plant and subsequent disease development, as well as alter
the interactions among plant, pathogen, and biocontrol agent in various ways. This is
in addition to potential direct effects on the pathogen and biocontrol organisms and
other soil microbes, and all of these effects may influence efficacy of biological
control. Other conditions related to the specific pathosystem involved, such as the
occurrence of different pathogenic races and variability in disease resistance and
susceptibility among host cultivars, also affect the disease response and may influence
biological control. There are three known races of F. oxysporum {. sp. Iycopersici, the
causal agent of Fusarium wilt of tomato (Alexander er al., 1945, Davis et al., 1988,
and Volin and Jone, 1982).

Tomato cultivars with inherent genetic resistance to races 1 and 2 are available
and widely used. However, very few cultivars with resistance to race 3 exist, and none
are commercially accepted and used. This race is currently causing substantial losses
in many tomato-growing areas for biocontrol to be effective, it must control all three
races of the pathogen, as well as be capable of controlling disease on many different
tomato cultivars with varying levels of disease susceptibility and resistance (Chellemi
and Dankers., 1992, Jone ef al., 1991 and Mariatt et al., 1996).

On other hand, non pathogenic strain of Fusarium spp. have suppressed soil
borne disease caused by Fusarium spp. under greenhouse and field conditions (Fuchs
et al., 1997). Furthermore, a non pathogenic F. oxysporum isolate, Fo-B2 has been
shown to reduce disease severities of Fusarium wilt of tomato under greenhouse and
field conditions (Amemiya, 1996).

Moreover, the efficiency of the biocontrol agent Fo-B2 in suppressing
Fusarium wilt of tomato varied under different cultural environments. The ratios of an
EDso parameter for Fo-B2 to that of the pathogen CU1 based on their dose-response
relationships increased as the environment became less controlled, suggesting that
environmentally related efficiency reduction impacted the biocontrol agent more than
the pathogen. Recovery of Fo-B2 from seedling hypocotyls and severity of disease
indicated that Fo-B2 was most effective when it colonized vascular tissues of the host
intensively, and the degree of colonization by the beneficial organism was greatly

reduced when soil was not sterile. These results suggest that indigenous populations
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of soil microorganisms negatively influenced the efficiency of Fo-B2 inoculations;
therefore, early establishment of the fungal antagonist in tomato seedlings prior to out
planting may improve the efficacy of this biological control strategy (Shisido et al,
2005).

Biological suppression of plant disease has been promoted as a mean to
achieve improved. Sustainable crop production systems that are less reliant on
chemical input (Adam, 1990). Successful biological control systems commonly
employ naturally occurring, antagonistic microorganism that are able to reduce the
activities of plant pathogens. Such antagonists (or biological agents) can compete with
pathogen for nutrient, inhibit pathogen growth by secreting antibiotics, or reduce
pathogen population by through parasitism. In addition some of these microorganisms
reduce resistance in host plants, which enhance the plant’s ability to defense from
pathogen attack. It is essential to determine how biological control may be affected
by changing environmental conditions. The influence of varying environmental and
cropping conditions including temperature, soil type, light and pathogen isolates, race
and cultivar of tomato on biological control of Fusarium wilt of tomato when the
temperature regimes ranging from 22-32°C significantly affected disease development
and plant physiological parameters (Larkin and Fravel, 1998).

Other conditions related to the specific pathosystem involved, such as the
occurrence of different pathogenic races and variability in disease resistance and
susceptibility among host cultivars, also affect the disease response and may influence
biological control. There are three known races of F. oxysporum f. sp. lycopersici, the
causal agent of Fusarium wilt of tomato (Alexander et al., 1945, Davis et a., 1988;

Grattidge and Obrien, 1982; Volin and Jones, 1982).
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CHAPTER III
RESEARCH METHODOLOGY

3.1 Collection, Isolation, Identification and pathogenicity test of Fusarium wilt

pathogen

Disease samples were collected from infested soil from tomato fields in
Bangkok, Pechaboon, and Tak provinces in Thailand. The pathogen was isolated by
tissue transplanting and soil plate techniques. Pure cultures of Fusarium spp were
identified by morphological characteristics under a binocular compound microscope
and molecular phylogenic identification. All isolates were maintained on PDA slants
and deposited at the Biocontrol Research Unit and Mycology Section, Faculty of
Agricultural Technology, King Mongkut’s Institute of Technology Ladkrabang,
Bangkok, Thailand. Twelve isolates of F. oxysporum.f. sp. lycopersici, which isolated
from Burirum, Khonkaen, Nongkhai, Nakhonratchasima and Sakon-nakhon provinces
in Thailand were obtained from Assist. Prof. Dr. Chamaiporn Charoenporn
(Nakhonratchasima Rachabhat University, Nakhonratchasima, Thailand) as follows:-
isolates BRCO3, KK2, KSoC02, NKRC02, NKRC04, NKRC09, NKSCO01, NKSC02,
NSCO01, SRC02, SSoC03, and SSoC04. The morphological identification of the 12
isolates had been confirmed previously by Charoenporn et al. (2010) by sequencing
the internal transcribed spacer (ITS) region ITS1, 5.8S and ITS2 and a small portion
of 18S rDNA and a small portion of the 28S rDNA.

3.1.1. Morphological Identification

All the isolates of Fusarium spp. were cultured on PDA at the centre of the Petri
dishes (9cm diameter) and incubated in the room temperature approximately (27-
30°C) and studied under compound microscope for morphological characteristics.
The characteristics were recorded are growth rate of colony every 48 hours (mm),
hyphal characteristics, shape and size of spore, types of spores and other structures
that needed for morphological identification were also recorded, measured, and taken
the photo under compound microscope and comparison with the isolates were offered

by Assist. Prof. Dr. Chamaiporn Charoenporn as the standard for identification.
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3.1.2 Molecular Identification

The molecular study is extremely important for confirmation the species. All
isolates were studied for confirmation of species, relationship between isolate to
variety of tomatoes and collected sources by techniques of AFLP, according to the
method of Mohmed et al. (2003).

3.1.3 Genetic relationship among isolates of F. oxysporum {. sp. lycopersici

by using AFLP marker
3.1.3.1. DNA extraction

50 mg of grounded fungal biomass was extracted with 0.5 ml of
extraction buffer (50mM Tris-HC], 850mM NaCl, 100 mM EDTA, and 1% SDS) and
incubated at 65°C for 30 min then added with Phenol (‘/ vol) and Chloroform:IAA
(24:1) ( '/, vol). After centrifugation at 13000 rmp for 10, the DNA on the upper
aqueous phase was precipitated by additional 1vol of Chloroform:IAA (24:1). After
centrifugation at 13000 rpm for 10 min, the DNA molecules were added with 2 vol of
absolute ethanol and incubated at -20°Cfor 1 hour. After centrifugation at 13000 rpm)
for 10 min, the DNA molecules were washed by 70% ethanol and centrifugation at
13000 rpm for 10 min in two times. The end product of DNA molecules were
dissolved in 100 pl of TE (10mM Tris HCI 8.0, ImM EDTA). The DNA

concentration was measured using on 1% agarose gel electrophoresis.
3.1.3.2. Fingerprinting analysis using AFLP marker

The AFLP reactions were performed as described by Vos et al.(1995) and
Mohmed et al. (2003) with the following modifications: Genomic DNA (500 ng.) was
digested with a combination of restriction enzymes Eco Rl (50 Units) and Tru 91 (Mse
I) (10 uints) in a mix of 10x ligase buffer ATP, 0.5 M NaCl and BSA. The sample
was incubated at 37° C for 1 hour. The digested DNA fragments were ligated to their
respective adapter pair of both enzymes in a reaction of T4 DNA ligase (1u) and T4
DNA ligase buffer with ATP (1x) and incubated at 37° C for 3 hours.
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After the restriction-ligation products were diluted 10 fold with TE buffer (10
mM tris, 0.1 mM EDTA,pH 8.0). The first amplifications were carried out with 1
selective nucleotide at 3’ end of each primer in volume of 25 ul of PCR buffer
containing PCR buffer (1x), dNTP (0.2mM), each primer (E+A/M+G, E+G/M+A,
E+C/M+G and E+G/M+C) Spmole, MgCl, (2.5mM), Taq polymerase (0.5u). This
preamplification was carried out in a thermal cycler programmed for 20 cycles of 30
sec at 94°C, 60 sec at 56 °C, 60 sec at 72 °C and hold 16 °C for 15 min. The selective
amplifications were performed using selected combinations of primers with two or
three selective nucleotides (Table 1). All seventeen primers combinations were
screened to investigate the most suitable primers. They were carried out in volumes
of 20 ul of PCR buffer containing 5 ul diluted pre-amplified DNA, PCR buffer (1x),
dNTP (0.2mM), each primer 5 pmole , MgCI2 (2.5mM) and Taq polymerase (1u).
The PCR amplifications were performed with an initial denaturation at 94°C for 30
sec followed by 12 cycles of 94°C for 30sec, annealing at 65 °C each cycle was
reduced by 1°C for 30 sec and extension step at 72 °C for 60sec. in each of the
following 10 cycles, the annealing temperature was reduced by 1 °C. The next 30
PCR cycles continued of 94 °C for 30 sec, 56 °C for 30 sec and 72 °C for 60 sec.

For gel analysis, the amplification reaction products were mixed with 10 pul of
formamide dye (98% formamide, 10 mM EDTA pH 8.0, 0.3% bromo phenol blue
and 0.3% xylene cyanol) and heat at 95 °C for 3 min and quickly cooled on ice. Each
sample (2 ul) was examined on a 5% polyacrylamide gel plus 7M urea on a Model
S2 sequencing gel electrophoresis apparatus. Electrophoresis was performed at
constant power 50 W for 3 hr. After electrophoresis, the gel plate was removed, fixed
in 10% acetic acid for 30 min, and washed in distilled water 3 times for 2 min. The
gels plate were stained in silver solution (1 g of silver nitrate and 1.5 ml of 37%
formaldehyde per liter) for 30 min and rinsed with distilled water. After staining, the
gels were developed in a cool developer solution ( 30 g of sodium carbonate, 1.5 ml
of 37% formaldehyde and 0.01 g of sodium thiosulfate) until the bands appeared. The
staining was stopped by adding 10% acetic acid (fixed solution) for 1-2 min, rinsed

with distilled water for 2 min and dried under fume hood overnight.



23

3.1.3.3. Data analysis

The fingerprint patterns were scored for polymorphic bands as binary
data by 1 (present) or 0 (absent). The binary data was analyzed with the computer
program NTSYS pc version 2.02 (Rohlf, 1993). An unweighted pair group arithmetic
mean method (UPGMA) cluster analysis was performed using the DICE’s similarity
coefficient. Dendrogram was generated with the tree option (TREE) and a cophenetic
value distance matrix was derived from dendrogram with a COPH program in
NTSYSpc. The cophenetic value distance matrix was compared for level of
correlation with the original matrix with the MXCOMP NTSYS program. Bootstrap
values were calculated with 1000 replications by Winboot program (Yap and Nelson,
1996).

The total numbers of polymorphic bands were recorded in the GenAlex6
format. A principle coordinate plot based on genetic distances between all pairs of
AFLP genotypes was generated in GenAlex6 and was used to generate a two-
dimensional principal coordinate analysis was based on the population of AFLP
genotypes in the PCA plot. Neighbor joining tree based Nei’s (1978) genetic distance
was generated using UPGMA modified from neighbor procedure of PHYLIP version
3.5.

3.1.4. Pathogenicity tests

All F. oxysporum isolates were tested for pathogenicity to tomato seedlings var
Sida and Cherry using Koch’s postulates to confirm pathogenic isolates. All isolates
were sub-cultured and multiplied on PDA and incubated for 7-10 days at room
temperature approximately (30-32°C). The inoculum of pathogen was adjusted
to1x107 spores/ml before inoculating to 20-day—old tomato seedlings var. Sida. The
roots of tomato seedlings were washed under running sterilized water and cut at five
points on the root tips before dipping the roots into a 20 ml spore suspension for 15
min. A control was performed by dipping seedling roots into sterile distilled water.
The seedlings were then potted in sterilized soil. After 10 days, symptoms of disease
were recorded using the Disease Severity Index (DSI) and rated according to
Sibounnavong et al. (2009, 2010) as follows: 1 = no symptoms, 2 = 1-20% of leaves
yellow and wilted, 3 = 21-40% of leaves yellow and wilted, 4 = 41-60 % leaves
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3.2. Study on Antagonistic isolates

The promising antagonistic fungi were offered from Assoc. Prof. Dr. Kasem
Soytong. Six isolates of antagonists were studied as follows:- Chaetomium brasilense
CBO1, Chaetomium cupreum CCO03, Chaetomium elatum ChEO1, Chaetomium
lucknowense CLTO1, Emericella nidulans ENO1 and Emericella rugulosa ERO1.
Those isolates were cultured on potato dextrose agar-and periodically observed under

compound binocular microscope to study morphological characters.

3.3. Antagonism tests

3.3.1 Bi-culture antagonistic tests

Antagonistic fungi namely Chaetomium brasilense CBO1, Chaetomium
cupreum CCO03, Chaetomium elatum ChEOl, Chaetomium lucknowense CLTOI,
Emericella nidulans ENO1 and Emericella rugulosa ER01. These isolates were tested
to determine their ability to antagonize the F. oxysporum f. sp. lycopersici isolate
identified as the most virulent in the pathogenicity test. The test was conducted using
the methods of Soytong (1992); Sibounnavong et al. (2009), and Charoenporn et al.
(2010). The antagonistic fungi and pathogen were separately cultured on PDA at
room temperature (30-32°C) for seven days. A 0.5 cm diameter sterilized cork borer
was used to remove agar plugs from the actively growing edge of cultures of the
pathogenic fungus and of the antagonistic fungi and used to inoculate 9-cm diameter
PDA plates: an agar plug of the pathogen was placed on one side of the plate
opposite an agar plug of an antagonistic fungus. Plates inoculated with a single plug
of an antagonistic fungus or of the pathogen acted as the controls. The plates were
incubated at room temperature for 30 days. The experiment was performed using a
completely randomized design (CRD) with four replications. Data were collected
regarding colony diameter (cm) and the number of conidia produced by the pathogen.
A haemacytometer was used to count the number of conidia. Percentage inhibition of
pathogen colony growth and of comidia production was calculated using the
following formula: - % inhibition = A-B/A x 100; where A = colony diameter or
number of conidia produced by the pathogen on the control plate and B = colony

diameter or number of conidia produced by the pathogen when inoculated opposite
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an antagonistic fungus. Analysis of variance was statistically analyzed and treatment
means were compared using Duncan’s Multiple Range Test (DMRT) at p = 0.05 and

0.01. The experiment was repeated twice.

3.3.2 Bioactivities tests of crude extracts and pure compounds from

antagonistic fungi
3.3.2.1 Extraction method

Crude extracts from each antagonistic fungus were obtained from the
method used by Kanokmedhakul et al. (2006), Moosophon et al. (2009), and
Thohinung et al. (2010). The fungi were cultivated in potato dextrose broth at room
temperature for 30 days. The dried fungal biomass of each antagonistic fungus was
ground and sequentially extracted with hexane, ethyl acetate, and methanol. The
solvents were then evaporated in vacuo to yield crude hexane, crude ethyl acetate
(EtOAc), and crude methanol (MeOH) extracts, respectively. The extracts were
separated and purified using chromatographic methods to obtain the compounds. The
structures of these compounds were identified by spectroscopic methods, IR, 'H-
NMR, PC-NMR, and 2D-NMR (COSY, HMQC, HMBC, and NOESY).

The crude extraction method was followed the method of Kanokmedhakul et
al. (2006) and Suwannapong (2004). The mycelium disc of promising antagonistic
fungi on PDA was taken sterilized cork borer with 3mm diameter from the edge of
growing colony and transferred into PDB (Potato Dextrose Broth) then incubated in
static state at room temperature for 30 days. The fungal mycelium mat was removed
from PDB by cheesecloth filtration and air dried at room temperature approximately
27-30°C. The fresh and dry weight of mycelia mats were weighed and recorded. The
dried mycelia mats of each promising antagonistic fungus were separately ground
with electrical blender and dissolved with hexane (H) at 1:1 (vol/vol) for extraction
and incubated at room temperature by shaking for one day.

The fungal extracting was separated out of the marc by filtration through filter
paper (Whatman No.4). The marc was further extracted with ethyl acetate (EtOAc)
and finally with methanol (MeOH) using the same procedure as extraction by hexane.
The solvents extracted from hexane, ethyl acetate and methanol were separately

extracted by using a rotary vacuum evaporator. Each crude extract was weighed and



27

kept in small bottle then kept in the refrigerator at 4°C until testing for experiment.

Extraction method is shown in flow chart.

3.3.2.2 Bioactivities tests of crude extract against Fusarium

oxysporum {. sp. lycopersici

The crude extracts were tested for inhibition of the most virulent isolate
of F. oxysporum {. sp. lycopersici. The experiment was conducted by using a factorial
experiment in CRD with four replications. Factor A represented the different
solvents: Al = crude hexane, A2 = crude ethyl acetate and A3 = crude methanol.
Factor B represented the different concentrations: B1 = 0 pg/ml (control), B2 = 50
pg/mi, B3 = 100 pg/ml, B4 = 500 pg/ml and BS = 1,000 pg/ml. Each crude extract
was dissolved in dimethy] sulfoxide and added to PDA before autoclaving at 121°C
(15 psi) for 30 minutes. To perform the assay, a sterilized 3-mm diameter cork borer
was used to remove agar plugs from the actively growing edge of the pathogen
culture. An agar plug was transferred to the center of 5 cm diameter Petri dishes of
PDA containing' crude extract at each concentration and incubated at room
temperature until the pathogen on the control plates had grown over the plate. Data

were collected regarding the number of conidia produced by the pathogen and used to
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Fungal biomass
C. brasilense, C. cupreum,
C. elatum, C. lucknowense

E. nidulans, E. rugulosa

|

Extraction with Hexane

)

Mare Evaporation with vacuum evaporator
v
l Crude hexane (H)
Extraction with ethyl acetate CB/H, CC/H
) CE/H,CL/H
Y EN/H , ER/H
v
h 4 Evaporation with vacuum evaporator
Mare i
Crude ethyl acetate (E)
CB/E, CC/E
Extraction with methanol CE/E, CL/E
EN/E ,ER/E
A 4
A
Marc Evaporation with vacuum evaporator
Crude methanol (M)
CB/M ,CC/M
CEM ,CL/M
EN/M., ER'M

Flow chart of crude extraction of fungal biomass method
calculate as the percentage of conidia inhibition. The effective dose (EDso) was

calculated using Probit analysis. The experiment was repeated twice.
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3.3.2.3. Pure compound bioassay against Fusarium oxysporum f£. sp lycopersici

Pure compounds of chaetoglobosin-C from Ch. elatum and Ch. lucknowense
and tajixanthone from E. rugulosa were offered from Assoc. Prof. Dr. Somdej
Kanokmedhakul, Khon Kaen University, Thailand. It was separately tested for their
antifungal activity against F. oxysporum f. sp. lycopersici. A sterilized 3-mm
diameter cork borer was used to remove agar plugs from the actively growing edge of
the pathogen culture. An agar plug was transferred to the center of S-cm diameter
Petri dishes of PDA containing either pure compounds of Chaetoglobosin-C or
tajixanthone at each concentration and incubated at room temperature until the
pathogen on the control plates grown over the plate. The experiment was performed
using a CRD with four replications. Treatments comprised four different
concentrations: 0, 10, 50 and 100 pg/ml. (Fig.3.3). The experiment was repeated
twice. Data were collected regarding the number of conidia produced by the pathogen
and calculated for percentage conidial inhibition. The EDso was calculated using

Probit analysis.

3.3.2.4. Effect of fungal metabolites to Fusarium oxysporum f. sp. lycopersici and
its pathogenicity loss

The roots of 20— day- old tomato seedlings var. Sida were washed under
running sterilized water and cut at five points on the root tips before dipping the roots
into each treatment a 20 ml spore suspension of 1x10’ spores/ml mixed with different
concentration of pure compounds for 15 min. The experiment was conducted by
using a factorial experiment in CRD with four replications. Factor A represented the
pure compounds: Al = tajixanthone, and A2 = Chaetoglobosin C. Factor B
represented the different concentrations: B1 = 0 (control), B2 = 10, B3 = 50, and B4
=100 pg/ml. A control was performed by dipping seedling roots into sterile distilled
water. The seedlings were then planted in pots which contained sterilized soil. The
experiment was repeated twice. Disease incidence was recorded using the Disease

Severity Index used previously in the pathogenicity test.
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water and cut at five points on the root tips before dipping the roots into each
treatment. A 20 ml spore suspension of 1x107 spores/m! mixed with different
concentrations of crude extract for 15 min. The seedlings were then planted in pots
which contained sterilized soil. The experiment was repeated twice. DSI was scored
as previous experiment and disease immunity (%) was computed as follows:- DSI in

control — DSI in treatment/ DSI in control X 100.
3.4. Evaluation of Bioformulations to control Fusarium wilt of tomato in vivo

The selected effective antagonists were screened to formulate and evaluate its
efficacy to control Fusarium wilt of tomato var Sida in pot experiment. The
bioformulations were separately performed as powder and oil bioformulations. The
most effective antagonists were cultured on PDA until grown full plate, and then the
spore were removed from the plates and used in each formulated fungicide which
modified from the work of Soytong et al. (2001).

Soil preparation was prepared as soil mixture, sand : compost at the ratio of
8:2:2 (vol/vol/vol) before autoclaving at121°C or 15 Ibs/inch? for 2 hours then put into
pot for each treatment before planting the inoculated tomato seedlings. Sida variety
was used in this experiment.

The virulence isolates of F. oxysporum f. sp. lycopersici was cultured on PDA
for 7 days before spore suspension were made. Pathogen inocula were prepared at
proper rate of concentration. Tomato seedlings at 20 days were used in the
experiment. All tested tomato seedlings were inoculated with the most virulent isolate
of F. oxysporum f£. sp. lycopersici. The root tip of tomato were cleaned by running off
water then the roots were cut for 2 cm at 5 points and dipped in the pathogen
inoculum suspension for 10 min before transplanting into sterilized soil in pot
experiment. After transplanting the tomato seedlings were treated every 10 days for
each treatment until harvesting. The experiments were done using Randomized Block
Design (RCBD) with four replications. Treatments were performed as follows:-
T1=non-inoculated control, T2= inoculated with F. oxysporum f. sp. lycopersici
(control), T3=powder formulation at the rate of 20 g/20 L of water by spraying every
10 days, T4=oil formulation at the rate of 20 ml/20 L of water by spraying every 10
days, TS5=culture filtrate of effective antagonist at 20 ml/plants at every 10 days, and
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T6=chemical fungicide (Prochoraz) 20 g/20 L of water. The experiment was repeated
two times. '

Data were collected as plant height (cm), plant weight (g), number of
fruits/plant, weight of fruit (g) was collected. Disease severity index (DSI) was
observed and rated every 30 days after inoculation based on a diseased rating scale.
Disease index was scored by the method of Sibounnavong et al (2010).

The percent disease reduction (% DR) was calculated using the formula as
follows: - A-B/A X 100, where A = score of disease index rating from control
treatment inoculated with pathogen and B = score of disease index rating from
treatment applied with bioformulation.

Data were analyzed for significant differences using analysis of variance
(ANOVA). Comparison among treatment mean using Duncan Multiple Range Test at
P=0.05 and P=0.01.



33

CHAPTER 1V
RESULTS

4.1. Collection, Isolation, Identification and pathogenicity test of Fusarium wilt

pathogen

4.1.1 Sample collection and isolation of Fusarium spp.

Disease samples were collected from infested tomatoes in the fields in Bangkok,
Phetchaboun, Tak, Nakhonratchasima, Burirum, Nongkhai, Sakonnakhon, and Khon
kaen provinces. Samples were taken from rhizosphere soil and infected tomato plant
which showed yellow and wilt. The pathogen was isolated by transferring surface-
sterilized plant tissue to a potato dextrose agar (PDA) and soil plate technique on
GANA medium following the methods use by Agrios (1997). Result showed that two
isolates were isolated from Bangkok including BKRF01, BKRSO1 isolates, 7
isolates PBRS101, PBRS102, PBRS103, PBRS104, PBRS201, PBRS202, PBRS203
were isolated from Phetchaboun, 4 isolates MSRS01, MSRS02, TRS01, and TRS02
from Tak . Twelve isolates of F. oxysporum f. sp. lycopersici, which isolated from
Burirum, Khonkaen, Nongkhai, Nakhonratchasima and Sakon-nakhon provinces in
Thailand were obtained from Assist. Prof. Dr. Chamaiporn Charoenporn
(Nakhonratchasima Rachabhat University, Nakhonratchasima, Thailand) as follows:-
BRCO3, KK2, KSoC02, NKSCO01, NKSC02, NKRC02, NKRC04, NKRC09,
NSCO01, SRCO02, SSoC03, and SSoC04 isolates. The morphological identification of
the 12 isolates had been confirmed previously by Charoenporn et al. (2010) by
sequencing the internal transcribed spacer (ITS) region ITS1, 5.8S and ITS2 and a
small portion of 18S rDNA and a small portion of the 28S rDNA. Pure cultures of F.
oxysporum f. sp. lycopersici were identified by morphological characteristics under a
binocular compound microscope. All the isolates of Fusarium oxysporum were
maintained on PDA slants and deposited at the Biocontrol Research Unit and
Mycology Section, Faculty of Agricultural Technology, King Mongkut’s Institute of
Technology Ladkrabang, Bangkok, Thailand (Table 4.1). All the isolates were
studied for morphological characters such as colony, conidiophores, macroconidia

and microconidia on potato dextrose agar (PDA) which incubated at room
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temperature (28-32°C). Morphological characters of all isolates were identified under

microscope and measured for their sizes.

Table 4.1 Isolates of Fusarium oxysporum f. sp. lycopersici from collection sites.

Sources Isolates* Samples species
Bangkok BKRF01 root F. oxysporum
BKRS01 root F. oxysporum
Phetchabun PBRS101 fruit F. oxysporum
PBRS102 fruit F. oxysporum
PBRS103 fruit F. oxysporum
PBRS104 fruit F. oxysporum
PBRS201 root F. oxysporum
PBRS202 stem F. oxysporum
PBSS203 stem F. oxysporum
Tak MSRSO01 stem F. oxysporum
MSRS02 stem F. oxysporum
TRSO1 stem F. oxysporum
TRS02 stem F. oxysporum
Burirum BRCO03 stem F. oxysporum
KhonKaen KK2 stem F. oxysporum
KSoC02 stem F. oxysporum
Nongkhai NKSC01 stem F. oxysporum
NKSCO02 stem F. oxysporum
NKRCO02 root F. oxysporum
NKRC04 root F. oxysporum
NKRC09 root F. oxysporum
Nakhonratchasima NSCO01 rhizosphere soil F. oxysporum
Sakon Nakhon ' SRC02 soil F. oxysporum
SSoC03 rhizosphere soil F. oxysporum
SSoC04 rhizosphere soil F. oxysporum

* 1 alphabet means provinces:- BK = Bangkok, P = Pathumthani, N = Nakhon Ratchasima, B =
Burirum, S = Sakon Nakhon, K = Khon Kaen, NK = Nong Khai and M = Mukdahan 2 ™ alphabet
means samples:- S = stem, R = root, F = fruit, So = rhizosphere soil, 3™ alphabet means name of

collector:- C = Chamaiporn, 4™ alphabet means number of isolates.
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6.5 g(8.85 %) of crude MeOH. Ch. elatum ChEO] yielded crude hexane 0.44g (1.1%),
crude EtOAc 2.5 g(6.25%) and 3.2 g (8%) of crude MeOH. Ch. lucknowense CLTO1
yielded crude hexane 1.09 g (2.18 %), crude EtOAc 2.86 g (5.72%) and 4.67 g ( 9.34
%) of crude MeOH. E. nidulans ENO1 yielded crude hexane 0.5g (1.25 %), crude
EtOAc 0.88 g (2.2%) and 2.25 g (5.60 %) of crude MeOH and E. rugulosa ERO1
yielded crude hexane 1.55 g (2.21 %), crude EtOAc3.45 g (4.92%) and 4.43 g (6.32
%) of crude MeOH (Table4.6 , Fig 4.51).

Table 4. 6 Yields of fungal biomass and crude extracts of antagonistic fungi

Antagonists Dried Crude % Crude % Crude %
weight  hexane yield EtOAc yield MeOH yield
(g) (8 (2) (8
Ch. brasilense 70 2.5 3.57 6.5 9.28 6.76  9.65
Ch. cupreum 70 3 4.28 5.5 7.85 6.2 8.85
Ch. elatum 40 0.44 1.1 2.5 6.25 3.2 8
Ch.lucknowense 50 1.09 2.18 2.86 5.72 4.67 9.34
E. nidulans 40 0.5 1.25  0.88 2.2 225 5.60
E. rugulosa 70 1.55 2.21 3.45 4.92 4.43 6.32

4.3.2.2 Bioactivities tests of crude extract against Fusarium

oxysporum { sp lycopersici

Crude extracts of antagonistic fungi namely Chaetomium brasilense
CBO1, Chaetomium cupreum CCO03, Chaetomium elatum ChEOl, Chaetomium
lucknowense CLTO1, Emericella nidulans ENO1 and Emericella rugulosa ERO1 at
different concentrations of 0, 10, 50, 100, 500, and 1,000 g/ml were tested for
inhibition of F. oxysporum f. sp. lycopersici NKSC02 which obtained from previous
experiment.
Hexane crude extract from Ch. brasilense CB01 at the concentrations of 10,
50, 100, 500 and 1000 pg/ml gave significantly different in colony diameter of F.
oxysporum f. sp. lycopersici NKSC02which were 3.67, 3.19, 2.67, 2.37 and 1.94 cm,
respectively when compared to the control (0 pg/ml) of 5 cm. EtOAc crude extract
from Ch. brasilense CBO1 at the concentrations of 10, 50, 100, 500 and 1000 pg/ml
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gave significantly different in colony diameter of F. oxysporum f. sp. Iycopersici
NKSCO02which were 3.05, 2.92, 2.64, 2.27 and 2.22 cm, respectively when compared
to the control (0 pg/ml) of 5 cm. MeOH crude extract from Ch. brasilense CBO1 at
the concentrations of 10, 50, 100, 500 and 1000 pg/ml gave significantly different in
colony diameter of F. oxysporum f. sp. lycopersici NKSC02 which were 3.67, 3.50,
2.97, 2.77 and 2.22 cm, respectively when compared to the control (0 pg/ml) of 5 cm.
(Table 4.7 and Fig 4.52).

Hexane crude extract from Ch. cupreum CCO03 at the concentrations of 10, 50,
100, 500 and 1000 pg/ml gave significantly different in colony diameter of F.
oxysporum f£. sp. lycopersici NKSC02which were 5.00, 4.87, 4.47, 4.45 and 4.12 cm,
respectively when compared to the control (0 pg/ml) of 5.00 cm. EtOAc crude
extract from Ch. cupreum CCO03 at the concentrations of 10, 50, 100, 500 and 1000
ug/ml gave significantly different in colony diameter of F. oxysporum f. sp.
Iycopersici NKSCO02which were 5.00, 3.92, 3.67, 3.54 and 3.40 cm, respectively when
compared to the control (0 pg/ml) of 5.00 cm. MeOH crude extract from Ch.
cupreum CCO3 at the concentrations of 10, 50, 100, 500 and 1000 pg/ml gave
significantly different in colony diameter of F. oxysporum f. sp. lycopersici
NKSCO02which were 4.47, 4.12, 3.74, 3.54 and 3.25 cm, respectively when compared
to the control (0 pg/ml) of 5.00 cm. (Table 4.7 and Fig 4.53).

Hexane crude extract from Ch. elatum ChEOQlat the concentrations of 10, 50,
100, 500 and 1000 pg/ml gave significantly different in colony diameter of F.
oxysporum f. sp. lycopersici NKSCO02 which were 4.12, 4.02, 3.92, 3.27 and 3.12 cm,
respectively when compared to the control (0 pg/ml) of 5.00 cm. EtOAc crude
extract from Ch. elatum ChEOlat the concentrations of 10, 50, 100, 500 and 1000
pg/ml gave significantly different in colony diameter of F. oxysporum f. sp.
Iycopersici NKSC02which were 3.80, 3.35, 3.19, 2.55 and 2.44 cm, respectively when
compared to the control (0 pg/ml) of 5.00 cm. MeOH crude extract from Ch. elatum
ChEOlat the concentrations of 10, 50, 100, 500 and 1000 pg/ml gave significantly
different in colony diameter of F. oxysporum f. sp. lycopersici NKSC02which were
4.75, 4.12, 4.04, 3.90 and 3.80 cm, respectively when compared to the control (0
pg/ml) of 5.00 cm. (Table 4.7 and Fig 4.54).

Hexane crude extract from Ch. lucknowense CLTOl1the concentrations of 10,
50, 100, 500 and 1000 pg/ml gave significantly different in colony diameter of F.
oxysporum f. sp. lycopersici NKSCO02 which were 4.90, 4.80, 4.09, 3.92 and 3.85 cm,
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respectively when compared to the control (0 pg/ml) of 5.00 cm. EtOAc crude
extract from Ch. lucknowense CLTO1the concentrations of 10, 50, 100, 500 and 1000
png/ml gave significantly different in colony diameter of F. oxysporum f. sp.
lycopersici NKSC02 which were 4.87, 4.77, 4.52, 4.22 and 3.80 cm, respectively
when compared to the control (0 pg/ml) of 5.00 cm. MeOH crude extract from Ch.
lucknowense CLTO1at the concentrations of 10, 50, 100, 500 and 1000 pg/ml gave
significantly different in colony diameter of F. oxysporum f. sp. lycopersici
NKSC02which were 4.90, 4.72, 4.69, 3.87 and 3.57 cm, respectively when compared
to the control (0 pg/ml) of 5.00 cm. (Table 4.7 and Fig 4.55).

Hexane crude extract from E. nidulans ENO1 the concentrations of 10, 50,
100, 500 and 1000 pg/ml gave significantly different in colony diameter of F.
oxysporum f. sp. lycopersici NKSC02 which were 5.00, 4.85, 4.50, 4.32 and 4.09 cm,
respectively when compared to the control (0 pg/ml) of 5.00 cm. EtOAc crude
extract from E. nidulans ENO1 at the concentrations of 10, 50, 100, 500 and 1000
pg/ml gave significantly different in colony diameter of F. oxysporum f. sp.
Iycopersici NKSC02which were 5.00, 3.92, 3.72, 3.47 and 3.47 cm, respectively when
compared to the control (0 pg/ml) of 5.00 cm. MeOH crude extract from E. nidulans
ENO1 at the concentrations of 10, 50, 100, 500 and 1000 pg/ml gave significantly
different in colony diameter of F. oxysporum f. sp. lycopersici NKSCO02 which were
5.00, 3.90, 3.40, 3.09 and 2.60 cm, respectively when compared to the control (0
ug/ml) of 5.00 cm.(Table 4.7 and Fig 4.56).

Hexane crude extract from E. rugulosa ERO1 at the concentrations of 10, 50,
100, 500 and 1000 pg/ml gave significantly different in colony diameter of F.
oxysporum f. sp. Iycopersici NKSC02 which were 5.00, 5.00, 5.00, 4.80 and 4.29 cm,
respectively when compared to the control (0 pg/ml) of 5.00 cm. EtOAc crude
extract from E. rugulosa ERO1 at the concentrations of 10, 50, 100, 500 and 1000
pug/ml gave significantly different in colony diameter of F. oxysporum f. sp.
Iycopersici NKSC02 which were 5.00, 4.97, 4.87, 4.70 and 3.67 cm, respectively
when compared to the control (0 pg/ml) of 5.00 cm. MeOH crude extract from E.
rugulosa ERO1 at the concentrations of 10, 50, 100, 500 and 1000 pg/ml gave
significantly different in colony diameter of F. oxysporum f. sp. lycopersici NKSC02
which were 5.00, 5.00, 4.95, 4.90 and 4.62 cm, respectively when compared to the
control (0 pg/ml) of 5.00 cm. (Table 4.7 and Fig 4.57).
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It revealed that crude extract at 1000 pg/ml from hexane of Ch. brasilense
CBO01 gave significantly better inhibited the colony growth of Fusarium oxysporum
f.sp. lycopersici as 61 % better than crude extracts from EtOAc and MeOH which
were 55.50 and 55.50 % (Table 4.8).

Crude extract at 1000 pg/ml from MeOH of Ch. cupreum CCO3gave
significantly better inhibited the colony growth of Fusarium oxysporum f.sp.
lycopersici as 35 % better than crude extracts from EtOAc and hexane which were
35.0 and 17.5 %, respectively. Table 4.8.

Crude extract at 1000 pg/ml from EtOAc of Ch. elatum ChEO1 gave
significantly better inhibited the colony growth of Fusarium oxysporum f.sp.
Iycopersici as 51.0 % better than crude extracts from hexane and MeOH which were
37.5 and 24.0 %, respectively. Crude extract at 1000 pg/ml from MeOH of Ch.
lucknowense CLTO1 gave significantly better inhibited the colony growth of
Fusarium oxysporum f.sp. lycopersici as 28.5 % better than crude extracts from
EtOAc and hexane which were 24.0 and 23.0 %, respectively. Crude extract at 1000
ug/ml from MeOH of E. nidulans ENO1 gave significantly better inhibited the colony
growth of Fusarium oxysporum f. sp. lycopersici as 48.0 % better than crude extracts
from EtOAc and hexane which were 30.5 and 18.0 %, respectively. Crude extract at
1000 pg/ml from EtOAc of E. rugulosa EROlgave significantly better inhibited the
colony growth of Fusarium oxysporum f. sp. lycopersici as 26.5 % better than crude
extracts from hexane and MeOH which were 14.0 and 7.5 %, respectively (Table 4.8).

Hexane crude extract from Ch. brasilense CBO1 at the concentrations of 10,
50, 100, 500 and 1000 pg/ml gave significantly different in conidia production by F.
oxysporum f. sp. Iycopersici NKSC02 which were 21.5 x107, 15.93 x107, 14.0 x10’
and 2.16 x107, respectively.when compared to the control (0 ug/ml) of 35.78 x10’
EtOAc crude extract from Ch. brasilense CBO1 at the concentrations of 10, 50, 100,
500 and 1000 pg/ml gave significantly different in conidia production by F.
oxysporum f. sp. lycopersici NKSCO02which were 26.71 x107, 19.61 x107, 11.48 x107,
5.35 x107 and 4.40 x10’cm, respectively when compared to the control (0 pg/ml) of
36.24 x10” cm. MeOH crude extract from Ch. brasilense CBO1 at the concentrations
of 10, 50, 100, 500 and 1000 pg/ml gave significantly different in conidia production
by F. oxysporum f. sp. lycopersici NKSC02 which were 11.83 x107, 9.84 x107, 8.52
x107, 4.28 x10” and 1.07 x107, respectively when compared to the control (0 pg/ml)
0f35.72 x10” (Table 4.9).
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Hexane crude extract from Ch. cupreum CCO3 at the concentrations of 10, 50,
100, 500 and 1000 pg/ml gave significantly different in conidia production by F.
oxysporum f. sp. Iycopersici NKSCO02which were 15.93 x107, 8.64 x107, 6.82 x107,
5.94 x107and 3.18 x10’, respectively when compared to the control (0 pg/ml) of
39.50 x10”. EtOAc crude extract from Ch. cupreum CCO3 at the concentrations of 10,
50, 100, 500 and 1000 pg/ml gave significantly different in conidia production by F.
oxysporum f. sp. lycopersici NKSCO02 which were 14.43 x107, 8.87 x107, 7.68 x107,
4.48 x10’and 2.40 x10, respectively when compared to the control (0 pg/ml) of
38.47 x10” . MeOH crude extract from Ch. cupreum CCO3 at the concentrations of 10,
50, 100, 500 and 1000 pg/ml gave significantly different in conidia production by F.
oxysporum f. sp. lycopersici NKSC02which were 13.93 x107, 8.43 x107, 6.16 x10’,
2.86 x10’and 1.07 x107, respectively when compared to the control (0 pg/ml) of
41.00 x107 (Table 4.9).

Hexane crude extract from Ch. elatum ChEOlat the concentrations of 10, 50,
100, 500 and 1000 pg/ml gave significantly different in conidia production by F.
oxysporum f. sp. lycopersici NKSCO02 which were 13.79 x107, 11.83 x10’, 8.75 x10’,
7.76 x10"and 5.90 x107, respectively when compared to the control (0 pg/ml) of
37.81 x10”. EtOAc crude extract from Ch. elatum ChEOlat the concentrations of 10,
50, 100, 500 and 1000 pg/ml gave significantly different in conidia production by F.
oxysporum f. sp. Iycopersici NKSC02 which were 13.07 x107, 10.82 x107, 4.64 x107,
2.89 x107 and 1.65 x107 , respectively when compared to the control (0 pg/ml) of
37.68 x107. MeOH crude extract from Ch. elatum ChEOlat the concentrations of 10,
50, 100, 500 and 1000 pg/ml gave significantly different conidia production by F.
oxysporum f. sp. lycopersici NKSCO02 which were 29.03 x1 07,23.00 x107, 12.84 x107?
9.06 x107and 7.54 x107, respectively when compared to the control (0 pg/ml) of
38.62 x107 (Table 4.9).

Hexane crude extract from Ch. lucknowense CLTOlat the concentrations of
10, 50, 100, 500 and 1000 pg/ml gave significantly different conidia production by F.
oxysporum f. sp. lycopersici NKSC02 which were 39.50 x107, 37.62 x107, 34.12 x107,
30.43 x10’and 15.93 x10” , respectively when compared to the control (0 pg/ml) of
43.31 x10”. EtOAc crude extract from Ch. lucknowense CLTO1the concentrations of
10, 50, 100, 500 and 1000 pg/ml gave significantly different in conidia production by
F. oxysporum f. sp. lycopersici NKSC02 which were 38.50 x107, 36.62 x107, 33.05
x107, 22.50 x107and 12.00 x10’, respectively when compared to the control (0 pg/ml)
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of 43.81 x10". MeOH crude extract from Ch. Ilucknowense CLTOlat the
concentrations of 10, 50, 100, 500 and 1000 pg/ml gave significantly different in
conidia production by F. oxysporum f. sp. lycopersici NKSC02which were 29.93
x107, 26.93 x107, 14.43 x107, 10.50 x107and 3.81, respectively when compared to the
control (0 pg/ml) of 42.75 x107 (Table 4.9).

Hexane crude extract from E. nidulans ENO1 at the concentrations of 10, 50,
100, 500 and 1000 pg/ml gave significantly different in conidia production by F.
oxysporum £. sp. lycopersici NKSC02 which were 14.07 x107, 12.78 x107, 11.91 x10’,
10.11 x107 and 5.82 x10’, respectively when compared to the control (0 pg/ml) of
14.67 x10”. EtOAc crude extract from E. nidulans ENO1 at the concentrations of 10,
50, 100, 500 and 1000 pg/ml gave significantly different in conidia production by F.
oxysporum f£. sp. lycopersici NKSCO02 which were 12.31 x107, 11.11 x107, 10.11 x107,
7.13 x107 and 5.33 x107, respectively when compared to the control (0 pg/ml) of
15.00 x10”. MeOH crude extract from E. nidulans ENO1 at the concentrations of 10,
50, 100, 500 and 1000 pg/ml gave significantly different in colony diameter of F.
oxysporum f. sp. lycopersici NKSCO02 which were 11.81 x107, 10.08 x107, 5.70 x107,
3.77 x107 and 2.61 x107, respectively when compared to the control (0 pg/ml) of
14.10 x107 (Table 4.9).

Hexane crude extract from E. rugulosa ERO1 at the concentrations of 10, 50,
100, 500 and 1000 pg/ml gave significantly different in conidia production by F.
oxysporum £. sp. lycopersici NKSC02 which were 16.67 x107, 15.43 x107, 12.33 x107,
7.92 x107 and 4.22 x107 , respectively when compared to the control (0 pg/ml) of
17.62 x10”. EtOAc crude extract from E. rugulosa ERO1 at the concentrations of 10,
50, 100, 500 and 1000 pg/ml gave significantly different in conidia production by of
F. oxysporum f. sp. lycopersici NKSC02 which were 15.61 x107, 14.47 x10, 8.66
x107, 4.50 x10” and 2.15 x107, respectively when compared to the control (0 pg/ml)
of 17.25 x10”. MeOH crude extract from E. rugulosa ERO1 at the concentrations of
10, 50, 100, 500 and 1000 pg/ml gave significantly different in conidia production by
F. oxysporum f. sp. lycopersici NKSC02 which were 16.37 x107, 15.44 x107, 14.33
x107, 13.05 x10” and 7.54 x10’, respectively when compared to the control (0 pg/ml)
of 17.50 x10 as shown in Table 4.9.

It revealed that crude extract at 1000 pg/ml from MeOH of Ch. brasilense
CBO01 gave significantly better inhibited the conidia production by Fusarium
oxysporum f. sp. lycopersici as 96.98 % and EDsp value of 2.99 better than crude
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extracts from Hexane and EtOAc which were 93.95, 87.85 % while EDsg value of
29.87 and 38.99 reapectively.

Crude extract at 1000 pg/ml from MeOH of Ch. cupreum CCO03gave
significantly better inhibited the conidia production by Fusarium oxysporum f. sp.
lycopersici as 97.37 % and EDsg value of 2.65 better than crude extracts from hexane
and EtOAc which were 93.75 and 91.92 %, while EDsy value of 2.33 and 2.38
respectively. Crude extract at 1000 pg/ml from EtOAc of Ch. elatum ChEQOlgave
significantly better inhibited the conidia production by Fusarium oxysporum f. sp.
lycopersici as 95.10 % and EDs value of 3.39 better than crude extracts from hexane
and MeOH which were 83.85 and 80.44 % and EDsy value of 0.65 and 63.42
respectively. Crude extract at 1000 pg/ml from MeOH of Ch. lucknowense CLTO01
gave significantly better inhibited the conidia production by Fusarium oxysporum f.
sp. lycopersici as 91.07 % and EDsy value of 53 better than crude extracts from
EtOAc and hexane which were 72.59 and 63.68 % and EDsp value of 921 and 393
respectively. Crude extract at 1000 pg/ml from MeOH of E. nidulans ENO1 gave
significantly better inhibited the conidia production by Fusarium oxysporum f. sp.
lycopersici as 81.44 % and EDs, value of 112 better than crude extracts from EtOAc
and hexane which were 64.40 and 60.28 % and EDsy value of 915 and 379
respectively. Crude extract at 1000 ug/ml from EtOAc of E. rugulosa ERQlgave
significantly better inhibited the conidia production by Fusarium oxysporum f. sp.
lycopersici as 87.55 % and EDsg value of 138 better than crude extracts from hexane
and MeOH which were 76.00 and 55.41 % and EDsy value of 313 and 1372

respectively as shown in Table 4.10.
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Table 4.7. Effect of crude extracts from antagonistic fungi on mycelia growth of

Fusarium oxysporum f. sp. lycopersici NKSC02

Crude extracts Colony diameter (cm) of Fusarium oxysporum f.sp. lycopersici

concentration (pg/ml))

0 10 50 100 500 1000
Ch. brasilense
Hexane 5a' 3.67b 3.19¢ 2.67f 2.37g 1.94h
EtOAc 5a 3.05¢cd 2.92de 2.64f 2.27g 2.22¢g
MeOH 5a 3.67b 3.50b 2.97de 2.77ef 2.22g
Ch. cupreum
Hexane Sa 5.00a 4.87a 4.47b 4.45b 4.12b
EtOAc 5a 5.00a 3.92d 3.67ef 3.54f 3.40g
MeOH 5a 4.47b 4.12c 3.74e 3.54f 3.25h
Ch. elatum
Hexane Sa 4.12b 4.02bc 3.92bc 3.27d 3.12d
EtOAc Sa 3.80c 3.35d 3.19d 2.55e 2.44e
MeOH 5a 4.75a 4.12b 4.04bc 3.90bc 3.80c
Ch. lucknowense
Hexane Sa 4.90ab  4.80bcd 4.09g 3.92h 3.85hi
EtOAc 52 487bc  477cd 452 422 3.30i
MeOH Sa 4.90ab 4.72d 4.69d 3.87hi 3.57)
E. nidulans
Hexane Sa 5.00a 4.85a 4.50b 4.32¢ 4.09d
EtOAc 5a 5.00a 3.92¢ 3.72f 3.47g 3.47g
MeOH Sa 5.00a 3.90e 3.40g 3.0%h 2.60i
E. rugulosa
Hexane Sa 5.00a 5.00a 5.00a 4.80abc 4.29d
EtOAc 5a 5.00a 4.97a 4.87ab 4.70bc 3.67e
MeOH Sa 5.00a 5.00a 4.95a 4.90ab 4.62c

' Average of four replications, Means followed by the same letters in each antagonist

were not significantly different by DMRT at P=0.01.
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Table 4.8. Effect of crude extracts from antagonistic fungi for percentage of colony

inhibition growth of Fusarium oxysporum f. sp. lycopersici NKSCO02.

Crude extracts Colony inhibition of Fusarium oxysporum f.sp. lycopersici (%)

10 50 100 500 1000
Ch. brasilense
Hexane 26.5g' 36.0f 46.5¢ 52.5b 61.0a
EtOAc 39.0ef 46.0cd 47.0c 54.5b 55.5b
MeOH 265¢g 300g 40.5 def 44.5 cde 55.5b
Ch. cupreum
Hexane 0.0h 2.5h 10.5g 11.0g 17.5f
EtOAc 0.0h 215e 26.5 cd 29.0 be 32.0ab
MeOH 105g 175 fF 25.0d 31.0b 35.0a
Ch. elatum
Hexane 7.5d 19.5¢d 21.5¢cd 34.5b 37.5b
EtOAc 24.0c 33.0b 37.0b 49.0a 51.0a
MeOH 5.0e 17.5d 19.0cd 22.0cd 24.0c
Ch. lucknowense
Hexane 20g 4.0 fg 18.0c 21.5b 23.0b
EtOAc 25g 4.5 fg 95e 15.5d 240b
MeOH 20g 55f 60f 225b 285a
E. nidulans
Hexane 0.0 3.0g 100 f 13.5f 18.0e
EtOAc 0.0 21.5de 25.5d 30.0c 305¢
MeOH 0.0 22.0de 320¢c 38.0b 48.0a
E. rugulosa
Hexane 0.0e 0.0e 0.0e 4.0 cde 14.0b
EtOAc 0.0e 05e 2.5de 6.0cd 26.5a
MeOH 0.0e 0.0e 1.0e 2.0de 15¢

T Average of four replications, Means followed by the same letters in each antagonist

were not significantly different by DMRT at P=0.01.
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Table 4.9. Effect of crude extracts from antagonistic fungi against conidia production

of Fusarium oxysporum {. sp. lycopersici NKSCO02.

Crude extracts Number of conidia(x10") of Fusarium oxysporum fsp. lycopersici

concentration (ug/ml)

0 10 50 100 500 1000
Ch. brasilense
Hexane 35.78a’ 21.51c 15.93d 14.50d 4.10gh 2.16hi
EtOAc 36.24a 26.71b 19.61¢c 11.48e 5.35¢g 4.40gh
MeOH 35.72a 11.83¢ 9.84ef 8.52f 4.28gh 1.07i
Ch. cupreum
Hexane 39.50b 15.93d 8.64fg 6.82hi 5.94i 3.18k
EtOAc 38.47c 14.43¢ 8.87f 7.68gh 4.48j 2.40k
MeOH 41.00a 13.93¢ 8.43fg 6.161 2.86k 1.071
Ch. elatum
Hexane 37.81a 13.79d 11.83ef 8.75gh 7.76h 5.90i
EtOAc 37.68a 13.07d 10.82f 4.64) 2.89k 1.651
MeOH 38.62a 29.03b 23.00c 12.84de 9.06g 7.54h
Ch. lucknowense
Hexane 4331a 39.5b 37.62cd 34.12¢ 30.43f 15.93i
EtOAc 43.81a 38.5bc 36.62d 33.05¢ 22.5h 12.00k
MeOH 42.75a 29.93f 26.93g 14.43; 10.501 3.81m
E. nidulans
Hexane 14.67ab 14.07b 12.78¢ 11.91d 10.11f 5.82h
EtOAc 15.00a 12.31cd 11.11e 10.11f 7.13g 5.33h
MeOH 14.10ab 11.81d 10.08f 5.70h 3.77i 2.61j
E. rugulosa
Hexane 17.62a 16.67abc  15.43def  12.33g 7.92h 4.22i
EtOAc 17.25ab  15.6lcde  14.47¢ef 8.66h 4.50i 2.15j
MeOH 17.50ab  16.37bcd  15.44def 14.33f 13.05¢g 7.54h

' Average of four replications, Means followed by the same letters in each

antagonist were not significantly different by DMRT at P=0.01.
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Table 4.10 Effect of crude extracts from antagonistic fungi for percentage of conidia

inhibition of Fusarium oxysporum {£. sp. lycopersici NKSC02.

Crude extracts

Conidia inhibition of Fusarium oxysporum f.sp. lycopersici (%)

10 50 100 500 1000 EDs,
Ch. brasilense
Hexane 39.83k' 55.44i 59.47h 88.53¢ 93.95b 29.87
EtOAc 33.171 45.88; 68.29g 85.22d 87.85¢c 38.99
MeOH 66.87g 72.38f 76.09¢ 87.98c 96.98a 2.99
Ch. cupreum
Hexane 59.64j 78.23g 82.71de  84.38de 91.92b 2.33
EtOAc 62.46i 76.92g 82.17ef 88.34c 93.75b 2.38
MeOH 65.99h 79.41fg 85.49d 93.13b 97.37a 2.65
Ch. elatum
Hexane 63.46j 68.67gh 76.35f 78.87ef 83.85d 0.65
EtOAc 65.30ij 71.26g 87.65¢ 92.29b 95.61a 3.39
MeOH 24.761 40.43k 66.69hi 76.52f 80.44e 63.42
Ch. lucknowense
Hexane 8.78j 13.10hi 21.14g 29.70f 63.18¢ 921
EtOAc 12.104j 16.39h 24.55g 48.62d 72.59b 393
MeOH 29.98f 36.97¢ 66.20c 75.39b 91.07a 53
E. nidulans
Hexane 4.03i 12.88h 18.80g 31.10ef 60.28¢c 915
EtOAc 17.90gh 25.88f 32.55¢e 52.40d 64.40c 379
MeOH 16.16gh 28.39ef 59.46¢ 73.17b 81.44a 112
E. rugulosa
Hexane 5.12h 12.18efg 29.86d 55.06¢ 76.00b 313
EtOAc 9.43fgh 16.03ef 49.75¢ 73.87b 87.55a 138
MeOH 6.43gh 11.60efgh  17.89¢ 25.26d 55.41c 1372

! Average of four replications, Means followed by the same letters in each antagonist

were not significantly different by DMRT at P=0.01.
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4.3.2.3 Pure compound bioassay against Fusarium oxysporum f. sp.

lycopersici

Chaetoglobosin C was isolated from Ch. elatum ChEO1 and Ch.
luckowense CLTO1 and tajixanthone isolated from E. rugulosa ERO1 which
elucidated using chromatographic methods to obtain these compounds (Figure 4.57).
The structures were identified by spectroscopic methods, IR, 'H-NMR, *C-NMR, and
2D-NMR (COSY, HMQC, HMBC, and NOESY). Chaetoglobosin-C, a pure
compound produced by Ch. elatum ChEOl1 and Ch. luckowense CLTO1, inhibited
conidia production of F. oxysporum f. sp. lycopersici NKSC02 with the EDs value
of 5.94 pg/ml. Moreover, tajixanthone, a pure compound produced by E. rugulosa
ERO1, inhibited conidia production of F. oxysporum f. sp. lycopersici NKSCO02 with
an EDsg value of 167 pg/ml (Table 4.11).

4.3.2.4 Effect of fungal metabolites to Fusarium oxysporum f. sp.

lycopersici and its pathogenicity loss

Inoculum of F. oxysporum f. sp. lycopersici (1 x 107 spores/ml) treated
with pure compounds of chaetoglobosin-C and tajixanthone inoculating to tomato
seedlings caused no symptoms at day 21 while the treatment with pathogen alone
showed significantly highest disease severity index as shown in (Table 4.12). No
disease incidences were appeared at all tested concentration of 10, 50 and 100 pg/mi
of either chaetoglobosin-C or tajixanthone which significantly differed from the
control. It revealed that the antibiotic substances of chaetoglobosin-C and
tajixanthone affected directly to the pathogen conidial inocula which implies
antibiosis mechanism of control. Moreover, the occurrences of ruptured cells and
abnormal conidia thereafter mixing with each pure compound of chaetoglobosin-C

and tajixanthone were observed under the microscope (Fig. 4.58).

4.3.2.5 Effect of antagonistic crude extract for disease immunity of

wilt incidence in tomato var Sida

Crude EtoAC of E. rugulosa was selected to test for disease immunity.

Result found that treated tomato seedlings var Sida with crude EtoAC of E. rugulosa
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CHAPTER Y
DISCUSSION

The research findings indicated that tomato wilt collected from infested fields
in Bangkok, Phetchabun, Tak, Nakhonratchasima, Burirum, Nongkhai, Sakonnakhon,
and Khonkaen provinces yielded two isolates were isolated from Bangkok including
BKRF01, BKRSO01 isolates, 7 isolates PBRS101, PBRS102, PBRS103, PBRS104,
PBRS201, PBRS202, PBRS203 were isolated from Phetchabun, 4 isolates MSRSO01,
MSRS02, TRSO01, and TRS02 from Tak . Moreover, twelve isolates of F.
oxysporumf. sp. lycopersici, which isolated from Burirum, Khonkaen, Nongkai,
Nakhonratchasima and Sakonnakhon provinces in Thailand were obtained from
Assist. Prof. Dr. Chamaiporn Charoenporn (Nakhonratchasima Rachabhat University,
Nakhonratchasima, Thailand) as follows:- BRCO3, KK2, KSoC02, NKSCOI,
NKSC02, NKRC02, NKRC04, NKRC09, NSC01, SRC02, SSoC03, and SSoC04
isolates. The morphological identification of the 12 isolates have been confirmed
previously by Charoenporn et al. (2010) by sequencing the internal transcribed spacer
(ITS) region ITS1, 5.8S and ITS2 and a small portion of 18S rDNA and a small
portion of the 28S rDNA. Pure cultures of F. oxysporum f. sp. lycopersiciwere
identified by morphological and molecular phylogeny as similar work of Charoenporn
et al. (2010).

The pathogenicity tests performed on tomato seedlings in this study showed
that the F. oxysporum f. sp. lycopersici NKRC02, NKRC04, SRC02 and NSCO01
isolates were avirulent whereas Charoenporn et al. (2010) reported in a previous study
as moderately virulent to the same variety of tomato. It revealed in this study that
Isolate NKRC09, KS0oC02, BRC03, SSoC03 and SSoC04 were also found to be
avirulent, whereas a previous study showed low virulence (Charoenporn et al., 2010).
This suggested that repeatedly sub-cultured of F. oxysporum £. sp. lycopersici affected
the stability of pathogenicity. F. oxysporum f. sp. lycopersici isolate NKSC02 was the
most virulent isolate to cause wilt of tomato var. Sida and Cherry This observation is
supported by in vitro studies of virulence by Soytong et al. (2001), Sibounnavong et
al. (2009) and Charoenporn et al. (2010).

Total of 25 isolates of F agsporum £ sp. bropersici were confirmed
morphologically and based on molecular phylogeny. Results of the pathogenicity test
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and AFLP analysis in this study revealed that 11 isolates were categorized as non-pathogenic
or avirulent group and 14 isolates were categorized as pathogenic group which divided into 3
subgroups of low virulent (L), moderate virulent (M) and high virulent (H). As a
result, the isolates of KSoC02, NKRC09, SSoC03 and SSoC04 were shown to be
non-pathogenic isolates or avirulence but Charoenpornet al (2010) reported that these
isolates were low virulent to cause wilt of tomato var. Sida. It can explain that the
different varieties of tomatoes may affect to pathogenicity level of wilt disease
infected by same isolate of F. axysporum £ s p. heopersici (Cai, 1999). Isolate KK2 with
high virulent to tomato var. Sida as previous report (Charoenporn et al, 2010)
become moderate virulent in tomato var Sida and Cherry in this study. Bunyatratchata
et al (2005) reported that isolate KK2 isolated from Northeast part of Thailand had
been tested its pathogenicity to cause wilt symptom on tomato varSida as the same
disease level of Banny and UC82-L varieties which susceptible to standard tested
isolate Fol 007 race 2 and concluded that KK2 was race 2. (Grttidge and O Brien,
1982 and Maiatt et al, 1996). Isolates NKRC02, NKRC04 and SCR02 with moderate
virulent to tomato var. Sida as previous report (Charoenporn et al, 2010) but become
non-pathogenic to tomato var. Cherry in present study. It was observed that those
isolates were variable for pathogenicity to different varieties of tomatoes (Cherry and
Sida varieties) from low and mod(f.rate virulent become non-pathogenic and from high
virulent become moderate virulent. This phenomenon may explain that different
varieties of tomatoes are affected with isolate of F. oxysporum f .sp. lycopersici, as
also stated by Sibounnavong et al (2009) and continuing subculture of F. oxysporum.
may lead to variable and lower degree of pathogenicity (Agrios,1997). It is interested
that isolates NKSCO01 and NKSCO02 with high virulent to tomato var Sida as previous
report (Charoenporn et al., 2010), it was still expressed high virulent in tomato var.
Cherry in this experiment. It can explain why the isolates were more stable than the
other isolates or these isolates can infected both Cherry and Sida varieties
(Sibounnavong et al., 2010). However, Charoenporn et al (2010) reported previously
that isolates KK2, KSoC02, NKSCO01, NKSC02, NKRC02, NKRC04, NKRC09,
NSCO01, SRC02, SSoC03 and SSoC04 were sequenced to confirm identification into
species by using ITS sequences with the length of complete ITS1, 5.8S and ITS2
including small portions of 18S rDNA and 28 S rDNA. In this study, AFLP has been
used as a powerful technique in molecular fingerprinting to study the relationship

among fungal isolates and their pathogenicity as also showed by Brown (1996),
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Janssen et al. (1996) and Majer et al. (1998). Regarding from result of the study, a
total 81 polymorphic bands were amplified using three primers combination with
EcoRI+G/Msel+ACG, EcoRI+G/Msel+CAC, EcoRI+ACG/Msel+Gat the 3’ end of the
primers on 25 isolates of F. oxysporum f. sp. lycopersici. The restriction enzymes,
length and composition of selective nucleotides would help to determine complexity
of the final AFLP fingerprint as reported by Janssen et al. (1996). Three nucleotides
of primers combination for AFLP analysis can help to differentiate Fusarium spp
causing root rot disease on wheat and gave good polymorphic bands (Mohammadi et
al. 2009). The primer selectivity is related to genome size and good selectivity is
found with primers of three selective nucleotides (El-Kazzaz, 2008). However,
Gonnalez et al. (1998) stated that using two instead of three selective nucleotides in
order to generate adequate number of fragments for AFLP analysis of C.
lindemuthianum isolates. Primer selectivity is also good for primers with one or two
selective nucleotides in simple genome such as bacteria, fungi and some plants,
although selectivity is still acceptable with primers of three selective nucleotides.

Statistical analysis of AFLP data enabled the classification of F. oxysproum f
.sp. lycopersici into two AFLP groups; non-pathogenic or avirulent and pathogenic or
virulent groups. With this the pathogenic group was clearly divided into three
subgroups which correlated with the result of pathogenicity.

In this study, 25 isolates of F. oxysproum £ .sp. lycopersici were analyzed with
primers to determine the distribution of genetic 'diversity among isolates which
represents in different planting areas. Mohmed et al (2003) stated that the high-
resolution genotyping method of AFLP analysis was suitable to study the genetic
relationships within and between populations of Fusarium spp. In the present research
however, it was not clearly relationship between provinces and distribution of
pathogen. This result was similar to those of Charoenporn et al, (2010). In this study,
it was showed that the phonetic dendrogram generated by UPGMA modified from
neighbor procedure of PHYLIP version 3.5 based on genotypes in 8 populations as
popl:Khonkaen province, pop2:Bangkok province, pop3: Sakornnakon province,
pop4:Burirum province, pop5: Nongkhai province, pop6: Nakhonratchasima, pop7:
Tak province and pop8:Phetchabun province. A principal coordinate analysis (PCA)
grouped all of the Fusarium spp. isolates into eight major clusters. No clear trend was
detected between clustering in the AFLP dendrogram and geographic origin of the

tested isolates as similar report of Mohmed et al (2003). However, it was observed
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that pop 1: Khonkaen and pop 5: Nongkhai are located in the Northeast of Thailand
where majority of planted areas of tomatoes which these geographical areas were
found more moderate and high virulent isolates.

In conclusion, the genetic variation among isolates of F. oxysproum f .sp.
lycopersici was clearly relationship between pathogenicity groups and AFLP groups.
But it was not clearly correlated between AFLP and geographical areas. Moreover,
this work provided new information on formae specialis of F. oxysproum f. sp
lycopersici which could classify as race 2 that can cause wilt to different varieties of
tomato e.g. Cheery and Sida varieties rather one variety. As Bunyatratchata et al
(2006) reported that F. oxysporum f sp lycopersici race 2 can infected tomato var.
Sida in Thailand as compared to standard race testing varieties of Bonny Best, UC82-
L. There was a good correlation between AFLP groups and groups from result of
pathogenicity test. Regarding from the result of the present study demonstrated clearly
that the use of the AFLP is a powerful, simple and rapid technique to study the
identification and genetic relationship between F. oxysporum and their pathogenicity.
AFLP may therefore provide rich sources of molecular markers which are useful to
study on the genetic variation for specific level.

Isolate NKSCO02 is confirmed as a virulent to cause wilting of tomato var Sida
which was previously reported by Sibounnavong et al. (2010) and this isolate was
also confirmed by molecular phylogeny as F. oxysporum f. sp. lycopersici by
Charoenporn et al. (2010) who sequenced the internal transcribed spacer (ITS) region
ITS1, 5.8S and ITS2 and a small portion of 18S rDNA and a small portion of the 28S
rDNA.

. The antagonistic fungi namely: Chaetomium brasilense CBO1, Chaetomium
cupreum CCO03, Chaetomium elatum ChEOQ1, Chaetomium lucknowense CLTO1,
Emericella nidulans ENO1 and Emericella rugulosa ERO1 were proved to antagonize
F. oxysporum f. sp. lycopersici NKSC02. The antagonism test demonstrated the
antagonistic activity of Ch. brasilense CB01, Ch. cupreum CCO03, Ch. elatum ChEO1,
Ch. lucknowense CLTO1, E. nidulans ENO1 and E. rugulosa ERO1 to inhibit the
conidial production of F. oxysporum f. sp. lycopersici NKSCO02 between 63 — 77 %.
The result was in accordance with the study from Charoenpoen et al. (2010) who
reported that Ch. lucknowense CLT significantly inhibited the mycelia growth and
conidial production of F. oxysporum f. sp. lycopersici as 88.89 and 92.54 %,
respectively. Furthermore, Sibounnavong et al. (2009) reported that E. nidulans
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strongly inhibited colonial growth and sporulation of F. oxysporum f. sp. lycopersici
in antagonism and crude extract tests. Tested antagonistic fungi of Ch. brasilense
CBO1, Ch. cupreum CCO03, Ch. elatum ChEOQ1, Ch. lucknowense CLTO1, E. nidulans
ENO1 and E. rugulosa ERO1 expressed were their abilities to inhibit the growth of F.
oxysporum f.sp. lycopersici NKSCO02. It is indicated that Ch. brasilense CBO1, Ch.
cupreum CC03, Ch. elatum ChEO1, Ch. lucknowense CLTO1, E. nidulans ENO1 and
E. rugulosa ERO1 significantly inhibited colony growth and inocula production of F.
oxysporum f. sp. lycopersici NKSCO02. Bioactivities tests of crude extracts and pure
compounds from antagonistic fungi were also proved as a control mechanism.

To elucidate the control mechanism involved in the inhibition of F. oxysporum
f. sp. lycopersici, crude extracts of Ch. brasilense CBO1, Ch. cupreum CCO03, Ch.
elatum ChEOQ1, Ch. lucknowense CLTO1, E. nidulans ENO1 and E. rugulosa ERO1
were confirm for antifungal activity against of F. oxysporum f. sp. lycopersici
NKSCO02. The other control mechanism of Ch. brasilense CB01, Ch. cupreum CCO03,
Ch. elatum ChEO1, Ch. lucknowense CLTO1, E. nidulans ENO1 and E. rugulosa
ERO1 involved in releasing antibiotic substances to inhibit F. oxysporum f. sp.
lycopersici.

All tested crude extracts of Ch. brasilense CB01, Ch. cupreum CCO03, Ch.
elatum ChEO1, Ch. lucknowense CLTO1, E. nidulans ENO1 and E. rugulosa ER01
were significantly inhibited conidia production of F. oxysporum f. sp. lycopersici.
This result was similar to the report of Charoenpoen et al. (2010) who stated that
crude hexane, crude ethyl acetate and crude methanol from Ch. lucknowense CLT
inhibited F. oxysporum f. sp. lycopersici NKSCO1 with the EDso of 188, 209 and 212
pg/ml while in this study, those crude extracts inhibited the conidial production of
different isolate of F. oxysporum f. sp. lycopersici NKSCO02 with the EDso of 9.13,
18.10 and 1.63 pg/ml which were lower than those from previous report. Similar
results were also reported by Srinon ef al. (2006) and Sibounnavong et al. (2012),
who stated that crude hexane, ethyl acetate and methanol extracts from E. nidulans
inhibited the colony and sporulation of F. oxysporum f. sp. lycopersici.

Moreover, Soytong et al. (2005) reported that crude ethyl acetate extract of Ch.
globosum CG at 1000 pg/ml inhibited conidia production of this pathogen. Crude
ethyl acetate from E. rugulosa gave the highest of percent inhibition of conidial
production of F. oxysporum f. sp. lycopersici in which EDso value was 138 pg/ml

while crude hexane and crude methanol presented their abilities to inhibit conidial



116

production at the EDsp values 313 and 1372 pg/ml, respectively. As a result,
Sibounnavong et al (2009) reported that methanol crude extract from E. nidulans gave
the highest inhibition of F. oxysporum f. sp. lycopersici. It is explained that ethyl
acetate crude extract from E. rugulosa might have different antagonistic substances
from methanol crude extract from E. nidulans as reported by Moosophon et al.
(2007).

The crude extracts of Ch. elatum ChEO1, Ch. lucknowense CLTOl and E.
rugulosa ERO1 were further isolated to pure compounds and the chemical structures
were elucidated. It is clearly demonstrated that Chaetoglobosin C, a pure compound
produced by Ch. elatum ChEO1 and Ch. lucknowense CLTO01, and tajixanthone, a pure
compound produced by E. rugulosa ERO1. Both pure compounds gave significantly
of percent inhibited conidial production of F. oxysporum f. sp. lycopersici NKSC02
with the EDsp of 5.94 and 167 pg/ml, respectively which were more effective than
their crude extracts. It is suggested that Chaetoglobosin C and tajixanthone are
expressed as a antibiotic substances to destroy the pathogen cells implies antibiosis.
As previously reported by Soytong et al. (2001), Chaetoglobosin C from Ch.
globosum inhibited several plant pathogens including F. oxysporum f. sp. lycopersici.
Thohinung et al. (2010) also reported that Ch. elatum ChEQ1 produce Chaetoglobosin
C that showed cytotoxicity against the human breast cancer and cholangiocarcinoma
cell lines. In this study, we found that tajixanthone from E. rugulosa ERO1 inhibited
the tested plant pathogen. E. rugulosa ERO1 was also reported by Moosophon et al.
(2009) produced tajixanthone.

Inocula of F. oxysporum f. sp. lycopersici (1 x 107 spores/ml) were treated
with pure compounds of Chaetoglobosin C and tajixanthone and inoculated to tomato
seedlings caused no symptoms at day 21 while the treatment with pathogen alone
showed significantly highest disease severity index . With this, no wilt incidences
were appeared at all tested concentration of 10, 50 and 100 pg/ml of either
Chaetoglobosin C or tajixanthone. It is stated that Chaetoglobosin C and tajixanthone
affected directly to the pathogen inocula implies antibiosis which the occurrences of
ruptured cells and abnormal conidia of pathogen. It is concluded that Ch. elatum
ChEO1, and Ch. lucknowense CLTO1 are confirmed to produce Chaetoglobosin C and
E. rugulosa ERO1 produce tajixanthone. In this study, these two compounds exhibited
antifungal activity against F. oxysporum f. sp. Ilycopersici NKSC02 at low
concentration. In addition, Park et al. (2005) reported thatchaetoviridin-A purified
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from Ch. globosum F0142 exhibited moderate control of tomato late blight at 125
pg/ml. Chaetoglobosin-C, which produced by Ch. elatum ChEO1, was not only shown
to exhibit cytotoxicity against the human pathogens (Thohinung et al., 2010) but also
inhibited the tomato wilt pathogen; F. oxysporum f. sp. lycopersici in this study.
Moreover, this study demonstrated that either tajixanthone or Chaetoglobosin C
mixed in a solution with pathogen cells of F. oxysporum £. sp. lycopersici caused cells
ruptured and abnormal conidia. It is suggested that these pure compounds can lyse the
cell wall of the pathogen and the protoplast becomes a plug inside the cells. These
observations were similar to those reported by Sibounnavong et al. (2009) and
Soytong (1992) who showed that the crude extracts of these antagonists ruptured the
cells of the F. oxysporum f. sp. lycopersici inoculums. In this study, the abnormal
conidia of pathogen cells affected by tajixanthone or Chaetoglobosin C leading to loss
of its pathogenicity when inoculated to tomato seedlings var Sida and no symptoms
were observed. Moreover, bioformulation of E. nidulans gave highly significant
reduced Fusarium wilt of tomato var. Sida in a pot experiment (Sibounnavong et al.,
2010). It is questioned that these bioactive compounds should be further evaluated to
determine their ability to control tomato wilt in pot and field trials. Thereafter,
separation of crude extracts to get pure compound of tajixanthone, it is proved that
tajixanthone can be actively express against F. oxysporum f. sp. lycopersici NKSCO02
at lower concentration than crude extracts which the EDsy of 122 pg/ml to inhibit
mycelia growth, 54 pg/ml to inhibit macrocondia and 42 pg/ml inhibit microconidia.
Moosophon et al (2007) isolated pure compounds from E. nidulans as
epishamixanthone, shamixanthone , emericellin, ergosta-6, 22-diene-3-ol-5, 8-
epidioxy-(38- S5a, 22E), sterigmatocystin and demethylsterigmatocystin which
differed from isolation of pure compounds from E. rugulosa as found five new
prenylxanthones, ruguloxanthones A-C, 14-methoxytajixanthone  and
tajixanthoneethanoate, one novel cyclooctadiene derivative, together with seven
known, shamixanthone, tajixanthone, 14-methoxytajixanthone-25-acetate,
tajixanthone hydrate, tajixanthonemethanoate, isoemericellin and ergosterol
(Moosophon et al., 2009). It is indicated that tajixanthone isolated from E. rugulosa
firstly reported as a fungal metabolite to be actively against F. oxysporum f.sp.

lycopersici implies antibiosis as a role of control mechanism.
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The research findings indicated that treated tomato seedlings varSida with
crude EtOAc of E. rugulosa at 1000 pg/ml gave significant lower DSI from treated
with crude EtOAc of E. rugulosa at 500 pg/ml when compared to the inoculated with
F. oxysporum f. sp. lycopersici NKSC02. Disease immunity to Fusarium wilt in Sida
variety appeared the highest percent immunity of 80.95 % when treated with crude
EtOAc at 1000 pg/ml and followed by treated with crude EtOAc at 500 pg/ml which
showed immunity of 30.09 %. tajixanthone and Chaetoglobosin C may possible
develop to be microbial elicitors to induce immunity in tomato plants against F.
oxysporum f. sp. lycopersici. A part from the result, crude EtOAc of E. rugulosa with
contains tajixanthone proved to be an microbial elicitor to induce immunity in tomato.
As the inoculated tomato seedlings with F. oxysporum f. sp. lycopersici showed
percent of disease immunity to Fusarium wilt in Sida varieiy of 80.95 %, where the
wilt incidence was lower than the inoculated control. Hanh (1996) stated that elicitors
are molecules that stimulate any of a number of defense responses in plants, such as
synthesis of phytoalexins and pathogenesis-related proteins (PR-proteins). Such
responses occurs after the binding of elicitor molecules to receptors normally located
on the plant cell surface, promoting a signal transduction pathway that will lead to the
activation of one or more defense mechanisms. The first characterized elicitors were
oligosaccharide fragments from fungal cell walls, including oligochitin and
oligochitosan.

The biological fungicides has been released and distributed to the growers
over a decade. Kaewchai et al. (2009) stated that mycofungicides have been promoted
for agricultural use because of their ability to control plant diseases and to increase
crop production in an environmental friendly manner. The registered biological
fungicide formulated from Ch. cupreum in Thailand could decrease disease incidence
of tomato wilt and also increased in yield (Soytong, 1992). In this study, Fusarium
wilt was lowest wilt incidence in oil and powder bioformulations from Ch. elatum
ChEO1, E. nidulans ENO1 and E. rugulosa ERO1 which significantly differed from
Prochoraz and inoculated control. The application of oil bioformulation from E.
rugulosa could reduce wilt incidence of 60 % and followed by application of powder
bioformulation and Prochoraz which reduced wilt incidence of 58 and 15 %,
respectively. As comparison to the work of Charoenporn et al. (2010) reported that
oil bio-agent formulation from the other antagonistic fungi of Ch. globosum and Ch.

lucknowense also showed their biological ability to control tomato wilt. The bio-agent
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formulations namely N0802, CLT and PCOl1 gave significantly highest disease
reduction of tomato wilt which were 44.68, 36.28 and 41.01%, respectively, followed
by prochoraz (21.95%). Charoenporn et al. (2010) stated that all tested bio-agent
formulations could significantly increase the yield of tomato when compared to
prochoraz and inoculated control and concluded that Ch. globosum, Ch. lucknowense
and 7. harzianum developed as bio-agent formulations namely N0802, CLT and PCO1
and showed their abilities to control tomato wilt. Based on the result, oil
bioformulation from E. rugulosa gave significantly better for plant parameters in
terms of plant height, plant weight, root weight, number of fruits and fruit weight than
powder bioformulation and Prochoraz when compared to the inoculated control with
F. oxysporum {. sp lycopersici. This result is similar to the report of Charoenporn et
al. (2010) stated that all tested bio-agent forﬁubtions of antagonistic fungi; Ch.
globosum and Ch. lucknowense could significantly reduce tomato wilt caused by F.
oxysporum f. sp lycopersici and increase in yield of tomato when compared to
prochoraz and inoculated control. However, bioformulations from Ch. elatum ChEO]1,
E. nidulans ENO1 and to E. rugulosa ERO1 in these research finding revealed a good
result to control wilt incidence of tomato caused by F. oxysporum {f. sp lycopersici.
Soytong et al. (2001) showed that the biological products consist of Chaetomium sp.
(22 strains of Ch. cupreum and Ch. globosum) in biopellet and biopowder
formulations which when applied to the soil could suppress the growth of F.
oxysporum f. sp. lycopersici and reduce infection rate in tomato and those
bioproducts has been released to the market. It is suggested that this new reports of
bioformulations of Ch. elatum ChEO1, E. nidulans ENO1 and to E. rugulosa ERO1
could be tested to control tomato wilt caused by F. oxysporum f.sp. lycopersici in the

field trials.
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CHAPTER VI
CONCLUSION

The research findings indicated that tomato wilt collected from infested fields
in Bangkok, Phetchabun, Tak, Nakhonratchasima, Burirum, Nongkhai, SakonNakhon,
and Khonkaen provinces are concluded as follows:- 2 isolates were isolated from
Bangkok including BKRFO1, BKRSO1 isolates, 7 isolates PBRS101, PBRS102,
PBRS103, PBRS104, PBRS201, PBRS202, PBRS203 were isolated from
Phetchabun, 4 isolates MSRS01, MSRS02, TRSO01, and TRS02 from Tak . Moreover,
12 isolates of F. oxysporum f. sp. lycopersici, which isolated from Burirum,
Khonkaen, Nongkhai, Nakhonratchasima and Sakonnakhon provinces; BRCO3, KK2,
KSoC02, NKSC01, NKSC02, NKRC02, NKRC04, NKRC09, NSCO01, SRC02,
SSoC03, and SSoC04 isolates. F. oxysporum f. sp. lycopersici were confirmed
identification by morphological and molecular phylogeny by sequencing the internal
transcribed spacer (ITS) region ITS1, 5.8S and ITS2 and a small portion of 18S rDNA
and a small portion of the 28S rDNA and AFLP.

The pathogenicity tests were performed on tomato seedlings in this study
showed that the F. oxysporum f. sp. lycopersici NKRC02, NKRC04, SRC02, NSCO01,
NKRC09, KSoC02, BRC03, SSoC03 and SSoCO04 isolates were avirulents. The
pathogenicity test and AFLP analysis in this study revealed that 11 isolates were
categorized as non-pathogenic or avirulent group and 14 isolates were categorized as pathogenic
group which divided into 3 subgroups of low virulent (L), moderate virulent (M) and
high virulent (H). As a result, the isolates of KSoC02, NKRC09, SSoC03 and SSoC04
were shown to be non-pathogenic isolates. Isolate KK2 isolated from Northeast part
of Thailand was tested its pathogenicity to cause wilt symptom on tomato var Sida
which susceptible to standard tested isolate Fol 007 race 2 and concluded that KK2
was race 2. In this study, AFLP has been used as a powerful technique in molecular
fingerprinting to study the relationship among fungal isolates and their pathogenicity.
It was not clearly relationship between provinces and distribution of pathogen. In this
study, It was showed that the phonetic dendrogram generated by UPGMA modified
from neighbor procedure of PHYLIP version 3.5 based on genotypes in 8 populations
as popl:Khonkaen province, pop2:Bangkok province, pop3: Sakornnakon province,
pop4:Burirum province, pop5: Nongkai province, pop6: Nakhonratchasima, pop7:
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Tak province and pop8:Phetchabun province. A principal coordinate analysis (PCA)
grouped all of the Fusarium spp. isolates into eight major clusters. No clear trend was
detected between clustering in the AFLP dendrogram and geographic origin of the
tested isolates.

In conclusion, the genetic variation among isolates of F. oxysproum .f .sp.
Ilycopersici was clearly relationship between pathogenicity groups and AFLP groups.
But it was not clearly correlated between AFLP and geographical areas. Moreover,
this work provided new information on formae specialis of F. oxysproum f. sp.
Iycopersici which could classify as race 2 that can cause wilt to different varieties of
tomato e.g. Cheery and Sida varieties rather one variety. Regarding from the result of
the present study demonstrated clearly that the use of the AFLP is a powerful, simple
and rapid technique to study the identification and genetic relationship between F.
oxysporum and their pathogenicity. AFLP may therefore provide rich sources of
molecular markers which are useful to study on the genetic variation for specific
level.

The antagonistic fungi namely: Chaetomium brasilense CB01, Chaetomium
cupreum CCO03, Chaetomium elatum ChEO1, Chaetomium lucknowense CLTOI,
Emericella nidulans ENO1 and Emericella rugulosa ERO1 were proved to antagonize
F. oxysporum f. sp. lycopersici NKSCO02. The antagonism test demonstrated the
antagonistic activity of Ch. brasilense CBO01, Ch. cupreum CCO03, Ch. elatumChEO1,
Ch. lucknowense CLTO1, E. nidulans ENO1 and E. rugulosa ERO1 to inhibit the
conidial production of F. oxysporum £. sp. lycopersici NKSC02 between 63 — 77 %.

Tested antagonistic fungi of Ch. brasilense CBO1, Ch. cupreum CCO03, Ch.
elatum ChEO1, Ch. lucknowense CLTO1, E. nidulans ENO1 and E. rugulosa ERO1
expressed their abilities to inhibit the growth of F. oxysporum f. sp. lycopersici
NKSCO02. It is indicated that Ch. brasilense CB01, Ch. cupreum CC03, Ch. elatum
ChEO1, Ch. lucknowense CLTO1, E. nidulans ENOl1 and E. rugulosa ERO1 gave
significantly inhibited colony growth and inocula production of F. oxysporum f. sp.
lycopersici NKSCO02.

Bioactivities tests of crude extracts and pure compounds from antagonistic
fungi were also proved as a control mechanism. To elucidate the control mechanism
involved in the inhibition of F. oxysporum f. sp. lycopersici, crude extracts of Ch.
brasilense CBO1, Ch. cupreum CCO03, Ch. elatum ChE01, Ch. lucknowense CLTOI,
E. nidulans ENO1 and E. rugulosa ERO1 were confirmed for antifungal activity
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against of F. oxysporum f. sp. lycopersici NKSC02. The other control mechanism of
Ch. brasilense CBO1, Ch. cupreum CCO03, Ch. elatumChEO1, Ch. lucknowense
CLTO1, E. nidulans ENO1 and E. rugulosa ER0O] involved in releasing antibiotic
substances to inhibit F. oxysporum f. sp. lycopersici. All tested crude extracts of Ch.
brasilense CBO1, Ch. cupreum CCO03, Ch. elatum ChEO1, Ch. lucknowense CLTO1,
E. nidulans ENO1 and E. rugulosa ERO1 were significantly inhibited conidia
production of F. oxysporum f. sp. lycopersici.

The crude extracts of Ch. elatum ChEOQOl, Ch. lucknowense CLTO01 and E.
rugulosa ERO1 were further isolated to pure compounds and the chemical structures
were elucidated. It is clearly demonstrated that chaetoglobosin-C, a pure compound
produced by Ch. elatum ChEO1 and Ch. lucknowense CLTO1, and tajixanthone, a pure
compound produced by E. rugulosa ERO1. Both pure compounds significantly
inhibited conidial production of F. oxysporum f. sp. lycopersici NKSC02. It is
suggested that chaetoglobosin-C and tajixanthone are expressed as a antibiotic
substances to destroy the pathogen cells implies antibiosis.

Inocula of F. oxysporum f. sp. lycopersici (1 x 107 spores/ml) were treated
with pure compounds of Chaetoglobosin C and tajixanthone and inoculated to tomato
seedlings caused no symptoms at day 21 while the treatment with pathogen alone
showed significantly highest disease severity index. With this, no wilt incidences
were appeared at all tested concentration of 10, 50 and 100 pg/ml of either
Chaetoglobosin C or tajixanthone. It is stated that Chaetoglobosin C and tajixanthone
affected directly to the pathogen inocula implies antibiosis which the occurrences of
ruptured cells and abnormal conidia of pathogen. It is concluded that Ch. elatum
ChEOI, and Ch. lucknowense CLTO] are confirmed to produce Chaetoglobosin C and
E. rugulosa ERO1 produce tajixanthone. In this study, these two compounds exhibited
antifungal activity against F. oxysporum f. sp. lycopersici NKSCO02 at low
concentration. Moreover, this study demonstrated that either tajixanthone or
Chaetoglobosin C mixed in a solution with pathogen cells of F. oxysporum f. sp.
lycopersici caused cells ruptured and abnormal conidia. It is suggested that these pure
compounds can lyse the cell wall of the pathogen and the protoplast becomes a plug
inside the cells.

The research findings indicated that treated tomato seedlings varSida with
crude EtOAc of E. rugulosa at 1000 pg/ml gave significant lower DSI from treated
with crude EtOAc of E. rugulosa at 500 pg/ml when compared to the inoculated with
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F. oxysporum f.sp. Iycopersici NKSC02. Disease immunity to Fusarium wilt in Sida
variety appeared the highest percent immunity when treated with crude EtOAc at
1000 pg/ml and followed by treated with crude EtOAc at 500 pg/ml which also
expressed immunity. tajixanthone and Chaetoglobosin C may possible develop to be
microbial elicitors to induce immunity in tomato plants against F. oxysporum f. sp.
lycopersici. A part from the result, crude EtOAc of E. rugulosa with contains
tajixanthone proved to be a microbial elicitor to induce immunity in tomato. As the
inoculated tomato seedlings with F. oxysporum f. sp. lycopersici showed disease
immunity to Fusarium wilt in Sida varieiy where the wilt incidence was much lower
than the inoculated control.

Fusarium wilt was lowest wilt incidence in oil and powder bioformulations
from Ch. elatum ChEOl, E. nidulans ENO1 and to E. rugulosa ER0O1 which gave
significantly differed from Prochoraz and inoculated control. The application of oil
bioformulation from E. rugulosa could reduce wilt incidence and followed by
application of powder bioformulation, culture filtrate and Prochoraz which also
reduced wilt incidence. Based on the result, oil bioformulation from Ch. elatum
ChEO1, E. nidulans ENO1 and to E. rugulosa ERO1 gave significantly better plant
parameters in terms of plant height, plant weight, root weight, number of fruits and
fruit weight than powder bioformulation and Prochoraz when compared to the

inoculated control with F. oxysporum f. sp. lycopersici.
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Chaetomium elatum strain ChE01, Chaetomium lucknowense strain CLT01 and Emericella rugulosa
strain ERO1, which were isolated from soil in Thailand, effectively controlled the most virulent isolate of
Fusarium oxysporum f. sp. lycopersici NKSC02 causing wilt of tomato (Lycopersicon esculentum var
Sida). Two antifungal substances were purified: Chaetoglobosin-C from Ch. elatum and Ch.
lucknowense and tajixanthone from E. rugulosa. Chaetoglobosin-C showed greater antifungal activity
against F. oxysporum f. sp. lycopersici, with an effective dose (EDs) of 5.98 pg/ml, compared with
tajixanthone (EDsp, of 167 pg/ml). These results suggest that the disease control mechanism of these
antagonistic fungi involves antibiosis. The inoculating tomato seedlings var. Sida with conidia of F.
oxysporum f.sp. lycopersici, mixed with either a solution of chaetoglobosin-C or tajixanthone showed
no wilt symptom. The conidia of F. oxysporum f. sp. lycopersici treated with these two compounds
appeared abnormal and lost pathogenicity.

Key words: Bioactivity test, Chaetomium elatumn, Chaetomium lucknowense, Emericella rugulosa, Fusarium

oxysporum.

INTRODUCTION

Tomato (Lycopersicon esculentum Mill.) is one of the
most widely cultivated, popular and important vegetable
crops in the world. Fusarium oxysporum f. sp. lycopersici
(Sacc.) Snyder and Hansen is one of the most common
pathogen that causes wilt of tomato in areas of upland
cultivation which can cause economic losses. F. oxysporum
f. sp. lycopersici has become one of the most damaging
and difficult to control wherever tomatoes are grown
intensively, because it grows endophytically and persists
in infested soils (Agrios, 1997). The disease control
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measures for this vascular wilt are either inefficient or
difficult to apply the chemical fungicides. Over time
tomatoes may develop resistance to some races of the
pathogen; however, the pathogenic fungus may also
develop resistance to chemical fungicides (Silva and
Bettiol, 2005). Chaetomium spp. belong to the Ascomy:-
cota, and have been reported as antagonists against
several plant pathogens (Soytong and Quimio, 1989
Soytong et al., 2001; Dhingra et al., 2003; Aggarwal ef
al., 2004; Park et al., 2005). Many species of Chaetomiurr
with the potential to be biological control agents suppress
the growth of bacteria and fungi through competition (for
substrate and nutrients), mycoparasitism, antibiosis, or
various combinations of these (Marwah et al., 2007,
Zhang and Yang, 2007). Chaetomium globosum and Ch.
cupreum in particular have been extensively studied and



successfully used to control root rot disease of citrus,
vlack pepper and strawberry, and have been shown to
-educe damping off disease of sugar beet (Soytong et al.,
2001; Tomilova and Shternshis, 2006). The plant disease
sontrol mechanism may involve in antibiosis, with the
antagonistic  fungus releasing antibiotic substances
(Soytong et al., 2001; Kanokmedhakul et al., 2002, 2006,
Park et al., 2005). Cullen and Andrews (1984) reported
evidence of antibiosis by Ch. globosum against Venturia
inaequalis, which causes apple scab.

Di Pietro et al. (1992) reported that Ch globosum can
produce chetomin, which effectively inhibited Pythium
ultimum, which caused damping-off of sugar beet. Ch.
globosum strain KMITL 0802 has been shown to produce
chaetoglobosin — C, which inhibits some pathogens
(Kanokmedhakul et al., 2002). Park et al. (2005) also
reported that Ch. globosum F0142 can produce
chaetoviridin A to control rice blast, wheat leaf rust and
tomato late blight. Soytong (1992) and Soytong et al.
(2001) showed that a specific isolate of Chaetomium
cupreumn produced secondary metabolites that signifi-
cantly suppressed tomato wilt caused by F. oxysporum f.
sp. lycopersici in the tomato fields in Thailand, and later
found that this isolate of Ch. cupreum produced
rotiorinols A to C and rotiorin, which exhibited antifungal
activity against Candida albicans (Kanokmedhakul et al.,
2006). Chaetomium cochlioides- strains VTh01 and
CTh05 have been shown to exhibit antimicrobial activity
against a Phytophothora sp. that causes root rot, the
anthracnose fungus Colletotrichum gloeosporioides, and
F. oxysporumf. sp. lycopersici.

Among the compounds isolated from Ch. cochlioides
strains VThO1 and CTh05, Phonkerd et al. (2008) identified
four new dimeric spiro-azaphilones; (cochliodones A to D),
two new azaphilones; (chaetoviridines E and F), and a
new epi-chaetoviridin A. The isolate of the Chaetomium
elatum strain ChEO1 used in this study has been reported
to produce a chaetoglobosin V, prochaetoglobosin Il and
prochaetoglobosin Ille, chaetoglobosins B to D, F and G,
and isochaetoglobosin D, which have been shown to
exhibit cytotoxicity against a human breast cancer cell
line. It should be noted that Ch. elatum ChEQ1 can also
produce chaetoglobosin-C as a major compound,
comprising up to 2% of the dried mycelial mat when
grown in liquid culture (Thohinung et al., 2010).
Moreover, the isolate of Ascomycete Emericella rugulosa
used in this study has been shown to produce five

prenylxanthones, rugulox-anthones A to C, 14-
methoxytajixanthone,-tajixanthone ethanoate, a
bicycle(3.3.1)-nona-2, 6-diene derivative named
rugulosone, shamixanthone, tajixanthone, 14-

methoxytajixanthone-25-acetate, tajixanthone hydrate,
tajixanthone methanoate, isoemericellin and ergosterol.
Among these, the bicycle (3.3.1)-nona-2,6-diene derive-
ative has been shown to exhibit antimalarial and
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antimycobacterial activity and cytotoxicity against three
cancer cell lines (Moosophon et al., 2009). Another
species of Emericella (Emericella nidulans) has also
been reported to antagonize F. oxysporum f. sp.
lycopersici (Sibounnavong et al., 2009). The antimicrobial
activity of chaetoglobosin-C, which is produced by Ch.
elatum ChEQ1, and Ch. lucknowense CLT01, and of
tajixanthone, which is produced by E. rugulosa ERO1,
could be involved in the disease control mechanism of
these antagonistic fungi against the tomato wilt fungus F.
oxysporum f. sp. lycopersici. The objectives of research
findings were to isolate F. oxysporum f. sp. lycopersici
causing tomato wilt and test for it pathogenicity and to
investigate antagonistic fungi namely Ch. elatum strain
ChEO01, Ch. lucknowense strain CLTO1 and E. rugulosa
strain ERO1 for antagonism of F. oxysporum f. sp.
lycopersici. Crude extracts and pure compounds,
chaetoglobosin-C from Ch. elatum and Ch. lucknowense
and tajixanthone from E. rugulosa were tested for their
antibiosis. The effects of chaetoglobosin-C and
tajixanthone for pathogenicity loss of F. oxysporum f. sp.
lycopersici were also investigated.

MATERIALS AND METHODS
Isolation and pathogenicity test

Disease samples were coliected from infested soil from tomato
fields in Bangkok, Pechaboon, Tak, and Chaingmai provinces in
Thailand. The pathogen was isolated by transferring surface-
sterilized plant tissue to a potato dextrose agar (PDA) medium and
using soil plate techniques following the methods used by Agrios
(1997). Pure cultures of F. oxysporum f. sp. lycopersici were
identified by morphological characteristics under a binocular
compound microscope, maintained on PDA slants and deposited at
the Biocontrol Research Unit and Mycology Section, Faculty of
Agricultural Technology, King Mongkut's Institute of Technology
Ladkrabang, Bangkok, Thailand. Eleven isolates of F. oxysporum{.
sp. lycopersici, which were isolated from Burirum, Khonkaen,
Nongkhai, Nakhonratchasima and Sakon-nakhon provinces in
Thailand were obtained from Asst. Prof. Dr. Chamaiporn
Charoenporn (Nakhonratchasima Rachabhat University, Nakhonrat-
chasima, Thailand) as foliows: isolates BRCO3, KK2, KSoCo02,
NKSC02, NKRC02, NKRC04, NKRC09, NSC01, SRC02, SSoC03,
and SSoC04. The morphological identification of the 11 isolates has
been confirmed previously by Charoenporn et al. (2010) by
sequencing the internal transcribed spacer (ITS) region ITS1, 5.88
and ITS2 and a small portion of 185 rDNA as well as a small
portion of the 28S rDNA.

All F. oxysporum f. sp. lycopersici isolates were tested for
pathogenicity to tomato seedlings using Koch's postulates. Briefly,
all isolates were sub-cultured and muttiplied on PDA and incubated
for 7 to 10 days at room temperature approximately (30 to 32°C).
The inoculum of pathogen was adjusted to1 =107 spores/m! before
inoculating to 20—day—old tomato seedlings var. Sida. The roots of
tomato seedlings were washed under running sterilized water and
cut at five points on the root tips before dipping the roots into a 20
ml spore suspension for 15 min. A control was performed by
dipping seedling roots into sterile distilled water. The seedlings
were then potted in sterilized soil. After 10 days, symptoms of
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Jisease were recorded using the Disease Severity Index (DSI) and
ated according to Sibounnavong et al. (2009, 2010) as follows: 1 =
-0 symptoms, 2 = 1 to 20% of leaves yellow and wilted, 3 = 21 to
0% of leaves yellow and wilted, 4 = 41 to 60% of leaves yellow
nd wilted, 5 = 61 to 80% of leaves yellow and wilted, and 6 = 81 to
00 % of leaves yellow and wilted. The experiment was conducted
1sing a completely randomized design (CRD) with six replications
if each treatment. The experiment was repeated twice. Virulence
/as categorized according to the DS|, following the method used
iy Charoenporn et al. (2010) as follows: non-pathogenic (DSI =1),
»w virulence (DS s 3.50), moderate virulence (DSI > 3.50 to 4.50),
nd highly virulence (DSI > 4.50). The most virulent isolate was
<elected for further experiments.

\ntagonism test

intagonistic fungi were isolated from soil in Thailand, namely Ch.
Jatum strain  ChEO1, Ch. lucknowense strain CLT01 and E.
ugulosa strain ER01. These isolates were tested to determine their
1ility to antagonize the F. oxysporum f. sp. lycopersici isolate
dentified as the most virulent in the pathogenicity test. The test was
;onducted using the methods of Soytong (1992), Sibounnavong et
il. (2009) and Charoenporn et al. (2010). The antagonistic fungi
ind pathogen were separately cultured on PDA at room
emperature (30 to 32°C) for seven days. A 0.5 cm diameter
sterilized cork borer was used to remove agar plugs from the
actively growing edge of cultures of the pathogenic fungus and of
he antagonistic fungi and used to inoculate 9 cm diameter PDA
lates: an agar plug of the pathogen was placed on one side of the
late opposite an agar plug of an antagonistic fungus. Plates
noculated with a single plug of an antagonistic fungus or of the
athogen acted as the controls. The plates were incubated at room
emperature (30 to 32°C) for 30 days. The experiment was per-
ormed using a completely randomized design (CRD) with four
replications. Data were coliected regarding colony diameter (cm)
nd the number of conidia produced by the pathogen. A haem-
cytometer was used to count the number of conidia. Percentage
inhibition of pathogen colony growth and of conidia production was
calculated using the following formula:

%inhibition = ~25B— x 100

Where, A is the colony diameter or number of conidia produced by
the pathogen on the control plate and B is the colony diameter or
number of conidia produced by the pathogen when inoculated
opposite an antagonistic fungus. Analysis of variance was
statistically analyzed and treatment means were compared using
Duncan’'s Multiple Range Test (DMRT) at p = 0.05 and 0.01. The
experiment was repeated twice.

Crude extracts and pure compounds from antagonistic fungi

Crude extracts from each antagonistic fungus were obtained from
the method used by Kanokmedhakul et al. (2006), Moosophon et
al. (2009) and Thohinung et al. (2010). The fungi were cultivated in
potato dextrose broth at room temperature (30 to 32°C) for 30 days.
The dried fungal biomass of each antagonistic fungus was ground
and sequentially extracted with hexane, ethyl acetate, and
methanol. The solvents were then evaporated in vacuo to yield
crude hexane, crude ethyl acetate (EtOAc), and crude methano!
(MeOH) extracts, respectively. The extracts were separated and
purified using chromatographic methods to obtain the compounds.

The structures of these compounds were identified by spectro-
scopic methods, IR, 'H-NMR, »C-NMR, and 2D-NMR (COSY,
HMQC, HMBC, and NOESY).

Crude extract bioassay

The crude extracts were assayed for inhibition of the most virulent
isolate of F. oxysporum f. sp. lycopersici. The experiment was
conducted by using a factorial experiment in CRD with four
replications. Factor A represented the different solvents: A1 = crude
hexane, A2 = crude ethyl acetate and A3 = crude methanol. Factor
B represented the different concentrations: B1 = 0 pg/ml (controf),
B2 = 50 pg/ml, B3 = 100 pg/ml, B4 = 500 pg/m! and B5 = 1,000
pg/ml. Each crude extract was dissolved in 2% dimethyl sulfoxide
and added to PDA before autoclaving at 121°C (15 psi) for 30 min.
To perform the assay, a sterilized 3 mm diameter cork borer was
used to remove agar plugs from the actively growing edge of the
pathogen culture. An agar plug was transferred to the center of 5
cm diameter Petri dishes of PDA containing crude extract at each
concentration and incubated at room temperature (30 to 32°C) until
the pathogen on the control plates had grown over the plate. Data
were collected regarding the number of conidia produced by the
pathogen and used to calculate the percentage of conidia inhibition.
The effective dose (EDso) was calculated using Probit analysis. The
experiment was repeated twice.

Bioactive compound assay

Pure compounds of chaetoglobosin-C from Ch. elatum and Ch.
lucknowense and tajixanthone from E. rugulosa (Figure 1) were
separately tested for their antifungal activities against F. oxysporum
f. sp. lycopersici. To perform the assay, a sterilized 3 mm diameter
cork borer was used to remove agar plugs from the actively growing
edge of the pathogen culture. An agar plug was transferred to the
center of 5 cm diameter Petri dishes of PDA containing either pure
compounds of Chaetoglobosin—C or tajixanthone at each concen-
tration and incubated at room temperature (30 to 32°C) until the
pathogen on the control plates grows over the plate. The
experiment was performed using a CRD with four replications.
Treatments comprised four different concentrations: 0, 10, 50 and
100 pg/ml. The experiment was repeated twice. Data were col-
lected regarding the number of conidia produced by the pathogen
and calculated for percentage conidial inhibition. The EDsp was
calculated using Probit analysis

Effect of fungal metabolites on disease incidence

The roots of 20~ day- o!d tomato seedlings var. Sida were washed
under running sterilized water and cut at five points on the root tips
before dipping the roots into each treatment a 20 ml spore
suspension of 1 x 107 spores/ml mixed with different concentration
of pure compounds for 15 min. The experiment was conducted by
using a factorial experiment in CRD with four replications. Factor A
represented the pure compounds: A1 = tajixanthone, and A2 =
chaetoglobosin —C. Factor B represented the different concen-
trations: B1 = 0 (control), B2 = 10, B3 = 50, and B4 = 100 pg/ml. A
control was performed by dipping seedling roots into sterile distilled
water. The seedlings were then planted in pots which contained
sterilized soil. The experiment was repeated twice. Disease
incidence was recorded using the Disease Severity Index used
previously in the pathogenicity test.
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Abstract

Genetic variatior; among 25 isolates of Fusarium oxysporum f. sp. lycopersici
causing tomato wilt was determined using pathogenicity test and AFLP markers. The
isolates were collected from 8 provinces in Thailand. Based on the pathogenecity result,
all isolates divided into two groups depended on non-pathogenic and pathogenic
isolates. Cluster analysis based on AFLP also grouped the pathogenic isolates- into 3
subgroups as low, moderate and high virulence. A dendrogram resulting from a cluster
analysis showed two main distinct groups, designated as group 1, non-pathogenic
isolates and group 2, pathogenic isolates rooting from outgroup.Eighty one polymorphic
bands were analyzed using the computer software. The results showed that the genetic

differentiation occurred among populations (Gst = 0.5898). However, the populations in



the same geographical area, Khonkaen and Nong khai, Tak and Phechaboon were
more closely related genetically than another populations based on Nei's genetic
distance, indicating the movement of the fungal conidia between these areas. This
work provided new information on formae specialis of F. oxysproum f sp lycopersici
NKSCO01 and NKSCO02 were high virulent which could classify as race 2 causing wilt of

tomato var. Cheery.

Key words: AFLP marker, tomato, Pathogenecity, Fusarium oxysporum f. sp. lycopersici

Introduction

Tomato (Lycopersicon esculentum Mill.) is one of the most widely cultivated,
popular and important vegetable crops in the world. It is usually infected by Fusanum
oxysporum f. sp. lycopersici (Sacc.) Snyder and Hansen causing wilt in lowland
cultivation that can cause economic losses. The disease management is very difficult
due to their endophytic growth and persistence in soil (Agrios, 1997). It has become one
of the most damaging disease wherever toma_toes are grown intensively due to the
pathogen persists in the infested soils (Silva and Bettiol, 2005). Most of Fusarium spp is
known as plant pathogenic strain, that cause many diseases such as wilt, root rot and
crown rot diseases on a various variety of crops (Nelson et al., 1981). Many researches
on Fusarium spp. have been focused on studying for plant pathogenic isolates
(Mohammadi et al., 2004; Pasquali et al., 2004). However, the nonpathogenic groups

represent a significant proportionality of the isolates found and keep most genetic



diversity within this species complex (Bao et al., 2002). There is a large deal of genetic
relationships between pathogenic and non-pathogenic F. oxysporum isolates (Baayen et
al., 2000). Skovgaard et al. (2002) suggested that particular pathogenic isolates might
geminate from non pathogenic strains by mutations affecting a few loci. Some
nonpathogenic isolates have been studied to change from pathogenic isolates through
loss of virulence (Skovgaard et al., 2002). James et al. (2000) reported that some
isolates of Fusarium oxysproum were highly virulent, whereas others were
nonpathogenic fungi. Moreover, both highly virulent isolates and nonpathogenic isolates
are not different based on morphological study. Therefore, methods are needed and
importance to identify and quantify population of highly virulence of F. oxysporum
Baayen et al. (2000) and Mayek et al. (2001) stated that molecular markers have been
used to study genetic relationships for pathogenicity in many group of fungi. Using the
histone-H3 encoding gene and amplified fragment length polymorphisms (AFLPs) could
be used for studying genetic differences between highly virulence, low virulence and
nonpathogenic isolates of F. oxysporum. These previous results suggested that
molecular marker can be used to separate these two phenotypes and compare the
phylogenetic relationships of highly virulent Fusarium spp. (Donaldson et al., 1995).
Amplified fragment length polymorphisms (AFLP) is a powerful technique in molecular
marker for studying relationships among isolates of fungi between population and
species levels (Cunningham, 1997; Kauserud and Schumacher, 2003; Nelson et al.,
1983; Skovgaard et al., 2003). Moreover, AFLP analysis has been used to investigated
genetic variation within and between among different Fusarium spp. (Adb-Elsalam et al.,

2002; Kiprop et al., 2002; Sivaramakrishnan et al., 2002).



The objectives in this study were to determmine the genetic variation and
differentiation of F. oxysporum f.sp. lycopersici populations isolated from tomato wilt and
to find out the correlation among pathogenic isolates (low, moderate, high virulence) and
non-pathogenic isolates of Fusarium spp. using AFLP and pathogenicity markers.

Moreover, genetic differentiation among population of geographical areas was analyzed.

Materials and methods

Isolation and pathogenicity test

Pure cultures of Fusarium oxysproum were isolated from the root samples of tomato wilt
disease by tissue transplanting technique_from Bangkok, Phechaboon, Tak, Burirum,
Khonkaen, Nongkhai, Nakhonratchasima and Sakon Nakhon provinces in Thailand. The
diseased root samples were cut into 1 cm long, then surface disinfected by 10 %
sodium hypochlorite for 3 minutes and washed through sterilized distilled water before
moving to water agar (WA). The hyphal tip was sub-cultured onto potato dextrose agar
(PDA) to get pure culture. Pure culture in each isolate was done single spore isolation
and maintained on PDA slants and deposited at the Biocontrol Research Unit and
Mycology Section, Faculty of Agricultural Technology, King Mongkut’s Institute of
Technology Ladkrabang, Bangkok, Thailand.

All isolates were tested on tomato seedlings of Cherry variety for pathogenicity using
Koch’s postulates: Tomato seedlings at 20-day—old were washed under running
sterilized water and cut at five points on the root tips before dipping the roots into a 20
ml spore suspension (1%x10” spores/ml) for 15 min. A control was performed by dipping
seedling roots into sterile distilled water. The seedlings were then potted in sterilized soil.

After 15 days, symptoms of disease were recorded using the Disease Severity Index



(DSI) and rated according to Sibounnavong et al. (2009, 2010) as follows: 1 = no
symptoms, 2 = 1-20% of leaves yellow and wilted, 3 = 21—40% of leaves yellow and
wilted, 4 = 41-60 % leaves yellow and wilted, 5 = 61-80% of leaves yellow and wilted,
and 6 = 81-100 % of leaves yellow and wilted. The experiment was conducted using a
completely randomized design (CRD) with six replications in each treatment. The
experiment was repeated twice. Pathogenic isolates or non-pathogenic isolates was
recorded. The non-pathogenic isolates were categorized as avirulence (A) and
pathogenic isolates were categorized as degree of virulence according to the DSI,
modified the method of Charoenpom et al. (2010): avirulence (DSI =1), low virulence

(DSI = 3.50), moderate virulence (DS > 3.50 — 4.50), and high virulence (DSI > 4.50).

DNA extraction

50 mg of groundéd fungal biomass was used for genomic DNA extraction with 0.5
ml of extraction buffer (50mM Tris-HCI, 850mM NaCl, 100 mM EDTA, and 1% SDS)
and incubated at 65°C for 30 min then added with Phenol ('/, vol) and Chloroform:IAA
(24:1) ( '/, vol). After centrifugation at 13000 rmp for 10_min, the upper aqueous phase
was deproteinized by additional 1vol of Chloroform:IAA (24:1). After centrifugation at
13000 mp for 10 min, the DNA molecules were added with 2 vol of absolute ethanol
and incubated at -20°Cfor 1 hour. After centrifugation at 13000 rmp) for 10 min, the
DNA molecules were washed by 70% ethanol and centrifugation at 13000 rmp for 10
min twice. The end product of DNA molecules were dissolved in 100 pl of TE (10mM
Tris HCI 8.0, 1mM EDTA). The DNA concentration was measured using on 1% agarose

gel electrophoresis.



Fingerprinting analysis using AFLP marker
The AFLP reactions were performed as described by Vos et al. (1995) with the following
modifications: Genomic DNA (500 ng.) was digested with a combination of restriction
enzymes Eco RI (50 Units) and Tru 91 (Mse 1) (10 uints) in a mix of 10x ligase buffer, 0.5
M Nacl and BSA. The digested DNA fragments were ligated to their respective adapter
pair of both enzymes in a reaction of T4 DNA ligase (1u) and T4 DNA ligase buffer (1x)
and incubated at 37° C for 3 hours.

After the restriction-ligation products were diluted 10 fold with TE buffer (10 mM tris,
0.1 mM EDTA,pH 8.0). The first amplifications were carried out with 1 selective
nucleotide at 3' end of each primer in volume of 25 ul of PCR buffer containing PCR
buffer (1x), dNTP (0.2mM), each primer (E+A/M+G, E+G/M+A, E+C/M+G and
E+G/M+C) Spmole, MgCl, (2.5mM), Taq polymerase (0.5u). This preamplification was
carried out in a thermal cycler programmed for 20 cycles of 30 sec at 94°C, 60 sec at 56
°C, 60 sec at 72 °C and hold 16 °C for 15 min. The selective amplifications were
performed using selected combinations of primers with two or three selective
nucleotides (Table 1). All seventeen combination primers were screened to investigate
the most suitable primers. They were carried out in volumes of 20 pl of PCR buffer
containing 5 pl diluted preamplified DNA, PCR buffer (1x), dNTP (0.2mM), each primer
5 pmole , MgCI2 (2.5mM) and Taq polymerase (1u). The PCR amplifications were
performed with an initial denaturation at 84°C for 30 sec followed by 12 cycles of 94°C
for 30sec, annealing at 65 °C each cycle was reduced by 1°C for 30 sec and extension

step at 72 °C for 60sec. in each of the following 10 cycles, the annealing temperature



was reduced by 1 °C. The next 30 PCR cycles continued of 94 °C for 30 sec, 56 °C for
30 sec and 72 °C for 60 sec.

For gel analysis, the amplification reaction products were mixed with 10 pl of
formamide dye (98% formamide, 10 mM EDTA pH 8.0, 0.3% bromo phenol blue and
0.3% xylene cyanol) and heat at 95 °C for 3 min and quickly cooled on ice. Each sample
(2 pl) was examined on a 5% polyacrylamide gel plus 7M urea on a Model S2
sequencing gel electrophoresis apparatus. Electrophoresis was performed at constant
power 50 W for 3 hr. After electrophoresis, the gel plate was removed, fixed in 10%
acetic acid for 30 min, and washed in distilled water 3 times for 2 min. The gels plate
were stained in silver solution (1 g of silver nitrate and 1.5 ml of 37% formaldehyde per
liter) for 30 min and rinsed with distilled water. After staining, the gels were developed in
a cool developer solution ( 30 g of sodium carbonate, 1.5 ml of 37% formaldehyde and
0.01 g of sodium thiosulfate) until the bands appeared. The staining was stopped by
adding 10% acetic acid (fixed solution) for 1-2 min, rinsed with distilled water for 2 min

and dried under fume hood overnight.

Data analysis

The fingerprint paﬂerns were scored for both monomorphic and polymorphic
bands as binary data by 1 (present) or 0 (absent). The binary data was analyzed with
the computer program NTSYS pc version 2.02 (Rohlf, 1993). An unweighted pair group
arithmetic mean method (UPGMA) cluster analysis was performed using the DICE’s
similarity coefficient. Dendrogram was generated with the tree option (TREE) and a
cophenetic value distance matrix was derived from dendrogram with a COPH program

in NTSYSpc. The cophenetic value distance matrix was compared for level of



correlation with the original matrix with the MXCOMP NTSYS program. Bootstrap
values were calculated with 1000 replications by Winboot program (Yap and Nelson,
1996).

All the polymorphic bands were recorded in the GenAlex6 format. A principle
coordinate plot based on genetic distances between all pairs of AFLP genotypes was
generated in GenAlex6 and was used to generate a two-dimensional principal
coordinate analysis was based on the population of AFLP genotypes in the PCA plot.
Neighbor joining tree based Nei's (1978) genetic distance was generated using UPGMA

modified from neighbor procedure of PHYLIP version 3.5.

Table 1. Primers combination were used for screening

EcoRI primer + selective base Msel primer + selective base
+A +AC +GTA +GT
+G +ACG +ACG +G
+G +ACT . +AAC +G
+G +AGC +AGC +G
+C +GCG +GTA +C
+G +GTC +CTA +C
+G +CGC +CGC +G
+G  +CTG +CAC +G

+AG +GT

Results
Isolation and pathogenicity test
25 isolates of F. oxysporum were obtained from Bangkok ( BKRS01 and BKRF01), Phetchaboon

(PBRS101, PBRS102, PBRS103, PBRS104, PBRS201, PBRS202 and PBRS203), Tak
(MSRS01, MSRS01, TRS01 and TRS02), Burirum (BRCO03), Khonkaen (KK2 and KSoCO02),



Nongkai (NKSCO01, NKSC02, NKRC02, NKRC04 and NKRCO09), Nakhonratchasima (NSCO1)
and Sakonnakom (SRC02, SSoC03 and SSoC04). These isolates were pathogenically
reconfimed by Kock’s postulate method to 20 days old tomato seedling var. Sida. Result showed
that 11 isolates, BKRSO1, BKRF01, BRCO03, KSoC02, NKRCO02, NKRCO04, NKRCO09,
NSC01,SRC02, SSoC03 and SSoC04 were non-pathogenic or avirulent group (DSI = 1). The
pathogenic isolates showed 11 isolates were low virulent (L), one isolate was moderate
virulent (M) and two isolates were high virulent (H) as shown in Table 2.

Table 2. Isolates of Fusarium spp. and their pathogenicity group in tomato var. Cherry

Provinces Isolates psI' Pathogenic or non-
pathogenic isolates
Bangkok BKRSO01 1.00 e* Non-pathogenic
BKRFO1 1.00e Non-pathogenic
Phechaboon PBRS101 2.00d Low virulence
PBRS102 |2.00d Low virulence
PBRS103 |[2.00d Low virulence
PBRS104 |2.00d Low virulence
PBRS201 |2.00d Low virulence
PBRS202 | 2.00d Low virulence
PBRS203 |2.00d Low virulence
MSRS01 2.00d Low virulence
Tak MSRS02 2.00d Low virulence
TRSO01 2.00d Low virulence
TRS02 2.00d Low virulence
Burirum BRCO03 1.00 e Non-pathogenic
Khonkaen KK2 425¢c Moderate virulence
KSoC02 1.00 e Non-pathogenic
Nongkhai NKSCO01 475b High virulence
NKSC02 5.50 a High virulence
NKRCO02 1.00e Non-pathogenic
NKRCO04 1.00e Non-pathogenic
NKRCO09 1.00 e Non-pathogenic
Nakonratchasima NSCO1 1.00 e Non-pathogenic
Sakon nakon SRCO02 1.00e Non-pathogenic
SSoCO03 1.00 e Non-pathogenic
SSoC04 1.00e Non-pathogenic

'DSI= Disease severity index:- avirulence (DSI =1), low virulence (DSI s 3.50), moderate virulence (DSI >
3.50 — 4.50), and high virulence (DSl > 4.50).

2 Average of two repeated experiments from eight replications. Means followed by a common letter were significan8y different by DMRT at P=0.01.
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DNA fingerprint analysis using AFLP marker

Seventeen combination primers were screened on five isolates for investigating suitable
primers combination use for study. Result showed that there were only three primers
combination including EcoRHG/Msel+ACG, EcoRI+G/Msel+CAC, EcoRHACG/Msel+G gave
highly number of polymorphic bands when compared with others primer combination
which resolved 22, 22.4 and 20.5 polymorphic bands, respectively as shown in Figs 1 and Table 3.
The three primers were chosen for further screening on 25 kolates of F. oxysporum f. sp. jcopersici
Then, a total 81 polymorphic bands were amplified using primers combination with
EcoRI (E)+3 and Msel (M+1) and EcoRI (E)+1 and Msel (M+3) at the 3’ end of the
primers on 25 isolates of F. oxysporum f sp lycopersici. The polymorphic bands were
analyzed using NTSYS program. Cluster analysis divided all the isolates into two major
groups at 30% Dice’ coefficient similarity. Group 1 described as non-pathogenic isolate
group (avirulence) which consisted of KS0C02, BKRF01, SSoC04, SRC02, BKRSO01,
BRCO03, SSoC03, NKRC09, NKRC02, NKRC04 and NSCO01. Group 2 described as
pathogenic isolate group which divided into 3 subgroups as follows:- subgroup 1 was
low virulent isolates of MSRS01, MSRS02, PBRS102, PBRS203, TRS01, PBRS201,
PBRS103, PBRS101, PBRS 104, TRS02 and PBRS202; subgroup 2 was moderate
virulent isolates of KK2, and subgroup 3 was high virulent isolates of NKSC02 and
NKSCO01. A UPGMA free was resulting from AFLP cluster analysis showed 85.4% bootstrap
value of Isolates NKSC01 and NKSC02 which high virulent isolates were causing wilt disease of
tomato var. Cherry. Among the pathogenic isolates that grouped into low virulence (L), AFLP
cluster analysis showed over 60% of bootstrap. Moreover, 99.5% of bootstrap value for non-
pathogenic or avirulent group (Fig 2). Thus, there was very clearly demonstrated the relationship
between degree of degree of virulence and their genetic relationship. Moreover, It is also
clearly shown that the phenetic dendrogram generated by UPGMA on genotypes in 8
populations as pop1:Khonkaen province, pop2:Bangkok province, pop3: Sakorn nakorn
province, pop4:Bururum province, pop5: Nongkai province, pop7: Tak province and
pop8:Pechaboon province. With this, a principal coordinate analysis (PCA) grouped all
of the Fusarium spp. isolates into eight major clusters. It observed that pop 1: Khonkaen
and pop 5: Nongkai is located in the Northeast of Thailand where majority of planted
areas of tomatoes in which these geographical areas were found more moderate and
high virulent isolates.

Discussion

Total of 25 isolates of F. axysporum f. sp. lcopersici were confirmed morphologically
and based on molecular phylogeny. Results of the pathogenicity test and AFLP analysis
in this study revealed that 11 isolates were categorized as non-pathogenic or avirulent group and
14 isolates were categorized as pathogenic group which dividied into 3 subgroups of low

virulent (L), moderate virulent (M) and high virulent (H). As a result, the isolates of
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KSoC02, NKRC09, SSoC03 and SSoC04 were shown to be non-pathogenic isolates or
avirulence but Charoenporn et al (2010) reported that these isolates were low virulent to
cause wilt of tomato var. Sida. It can explain that the different varieties of tomatoes may
affect to pathogenicity level of wilt disease infected by same isolate of F. axysporum f. sp.
leopersici (Cai 2003). Isolate KK2 with high virulent to tomato var. Sida as previous
report (Charoenporn et al ,2010) become moderate virulent in tomato var Sida in this
study. Bunyatratchata et al (2005) reported that isolate KK2 isolated from Northeast
part of Thailand had been tested its pathogenicity to cause wilt symptom on tomato var
Sida as the same disease level of Banny and UC82-L varieties which susceptible to
standard tested isolate Fol 007 race 2 and concluded that KK2 was race 2.
(Grttidge, 1982 and Maiatt et al, 1996). Isolates NKRC02, NKRC04 and SCR02 with
moderate virulent to tomato var. Sida as previous report (Charoenporn et al ,2010) but
become non-pathogenic to tomato var. Cherry in present study. It was observed that
those isolates were variable for pathogenicity to different varieties of tomatoes (Cherry
and Sida varieties) from low and moderate virulent become non-pathogenic and from
high virulent become moderate virulent. This phenomenon may explain that different
varieties of tomatoes are affected with isolate of F. oxysporum f sp lycopersici, as also
stated by Sibounnavong et al (2009) and continuing subculture of Fusarium may lead
to variable and lower degree of pathogenicity (Agrios,1997). It is interested that isolates
NKSCO01 and NKSCO02 with high virulent to tomato var Sida as previous report
(Charoenporn et al ,2010), it was still expressed high virulent in tomato var. Cherry in
this experiment. It can explain why the isolates were more stable than the other isolates
or these isolates can infected both Cherry and Sida varieties (Sibounnavong et al,

2010). However, Charoenporn et al (2010) reported previously that isolates KK2,
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KSoC02, NKSC01, KKSC02, NKRC02, NKRC04, NKRC09, NSC01, SRC02, SSoC03
and SSoC04 were sequenced to confirm identification into species by using ITS
sequences with the length of complete ITS1, 5.8S and ITS2 including small portions of
18S rDNA and 28 S rDNA.

In this study, AFLP has been used as a powerful technique in molecular
fingerprinting to study the relationship among fungal isolates and their pathogenicity as
also showed by Brown (1996), Janssen et al. (1996) and Majer et al. (1998).

Regarding from result of the study, a total 81 polymorphic bands were amplified
using three primers combination with EcoRHGMsel+ACG, EcoRHG/Msel+CAC,
EcoRHACG/MsehG at the 3’ end of the primers on 25 isolates of F. oxysporum f sp
lycopersici. The restriction enzymes, length and composition of selective nucleotides
would help to determine complexity of the final AFLP fingerprint as reported by Janssen
et al. (1996). Three nucleotides of primers combination for AFLP analysis can help to
differentiate Fusarium spp causing root rot disease on wheat and gave good
polymorphic bands (Mohammad et al. 2009). The primer selectivity is related to genome
size and good selectivity is found with primers of three selective nucleotides (El-Kazzaz,
2008). However, Gonnalez et al. (1998) stated that using two instead of three selective
nucleotides in order to generate adequate number of fragments for AFLP analysis of C.
lindemuthianum isolates. Primer selectivity is also good for primers with one or two
selective nucleotides in simple genome such as bacteria, fungi and some plants,
although selectivity is still acceptable with primers of three selective nucleotides.

Statistical analysis of AFLP data enabled the classification of F. oxysproum f sp

lycopersici into two AFLP groups; non-pathogenic or avirulent and pathogenic or virulent
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groups. With this the pathogenic group was clearly divided into three subgroups which
correlated with the result of pathogenicity.

In this study, 25 isolates of F. oxysproum f sp lycopersici were analyzed with
primers to determine the distribution of genetic diversity among isolates which
represents in different planting areas. Mohmed et al (2003) stated that the high-
resolution genotyping method of AFLP analysis was suitable to study the genetic
relationships within and between populations of Fusarium spp. In the present research
however, It was not clearly relationship between provinces and distribution of pathogen.
This result was similar to those of Charoenporn et al, (2010). In this study, It was
showed that the phenetic dendrogram generated by UPGMA modified from neighbor
procedure of PHYLIP version 3.5 based on genotypes in 8 populations as
pop1:Khonkaen province, pop2:Bangkok province, pop3: Sakorn nakon province,
pop4:Burirum province, pop5: Nongkai province, pop7: Tak province and
pop8:Pechaboon province. A principal coordinate analysis (PCA) grouped all of the
Fusarium spp. isolates into eight major clusters. No clear trend was detected between
clustering in the AFLP dendrogram and geographic origin of the tested isolates as
similar report of Mohmed et al (2003). But it observed that pop 1: Khonkhaen and pop 5:
Nomhkai is located in the Northeast of Thailand where majority of planted areas of
tomatoes which these geographical areas were found more moderate and high virulent
isolates.

In conclusion, the genetic variation among isolates of F. oxysproum f sp lycopersici
was clearly relationship between pathogenicity groups and AFLP groups. But it was not
clearly correlated between AFLP and geographical areas. Moreover, this work provided

new information on formae specialis of F. oxysproum f. sp lycopersici which could
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classify as race 2 that can cause wilt to different varieties of tomato e.g. Cheery and
Sida varieties rather one variety. As Bunyatratchata et al (2006) reported that F.
oxysporum f sp lycopersici race 2 can infected tomato var. Sida in Thailand as
compared to standard race testing varieties of Bonny Best, UC82-L. There was a good
correlation between AFLP groups and groups from result of pathogenicity test.
Regarding from the result of the present study demonstrated clearly that the use of the
AFLP is a powerful, simple and rapid technique to study the identiﬁcation‘and genetic
relationship between F. oxysporum and their pathogenicity. AFLP may therefore provide
a rich source of molecular markers which are useful to study on the genetic variation for

specific level.

Table 3. Total number of polymorphic bands of screening primer pairs

EcoRI primer Msel primer No. of bands
A GTA 17
G ACG 22
G AAC 12.6
G AGC 18.8
C GTA 17
G CTA 1.2
G CGC 12.2
G CAC 224

AG GT 8.2

AC GT . 11.8
ACG G 205
ACT G 15.8
AGC G 17
GCG o] 15.2
GTC C 16
CGC G 8
CTG G 11.8
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Fig 2. Phenetic dendrogram of Fusarium oxysporum f. sp. lycopersici isolates based
on the binary matrix of polymorphic bands, using the UPGMA algorithm and Dice's
similarity coefficient (NTSYS program). Bootstrap values above 50% from 1000
replicates are indicated for the corresponding branch.
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Fig.3. A, Principle coordinate analysis plot of AFLP genotypes of 25 isolates of
Fusarium oxysporum f. sp. lycopersici from Thailand based on genetic Nei's (1978)
genetic distance between genotypes. B, Dendrogram based Nei's genetic distance
using UPGMA modified from neighbor procedure of PHYLIP version 3.5 based on AFLP
genotypes in 8 populations, pop1: Khonkaen; pop2: Bangkok; pop 3: Sakon Nakhon;
pop4: Burirum; pop5: Nongkhai; pop6 Nakhon Ratchasima; pop7: Tak and pop8:

Phetchaboon.
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pop ID 1 2 3 4 5 6 7 8

1 *+++  (0,9272  0.9292 0.7791  0.9882  0.6440  0.8757  0.9169
2 0.0756 *+++  0.8846  0.8511  0.8885  0.6205  0.8618  0.8848
3 0.0734  0.1226 ++++  0,7726  0.9347 0.6458  0.8526  0.8510
4 0.2496 ' 0.1612  0.2580 ++++  0,7989  0.5679  0.7151  0.7538
5 0.0119  0.1183  0.0675  0.2245 ++++  (0,7292  0.8978  0.9214
6 0.4401  0.4772  0.4373  0.5658  0.3159 w+ev  (0.6721  0.6841
7 0.1327  0.1487  0.1594  0.3353  0.1078  0.3973 ++++  0,9630
3 0.0868  0.1224  0.1613  0.2826  0.0819  0.3796  0.0377 rhes

Table 4 Nei's unbiased measure of genetic identity (above diagonal) and genetic
distance (below diagonal) of AFLP genotypes of Fusarium oxysporum f. sp. lycopersici
populations in Thailand
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Abstract

Fusarium oxysporum f.sp. lycopersici isolate NKSC02 showed the highest virulent for
wilt incidence of tomato var Sida. Culture of the antagonistic fungus Emericella rugulosa
on PDB+CWDB at pH5-8 gave significantly highest fresh weight of fungal biomass
served to be appropriate medium to increase the number of spores to produce
bioformulation. The EDsq of crude ethyl acetate from E. rugulosa against F. oxysporum
f.sp. lycopersici isolate NKSC02 was 138 ug/ml while crude hexane and crude methanol
were 313 and 1372 pg/ml, respectively. Tajixanthone, a pure compound of E. rugulosa
expressed antifungal activity against mycelial growth, macrocondia and microconidia of
F. oxysporum f.sp. lycopersici NKSC02 which the EDsg of 122, 54 and 42 pug/ml.,
respectively. It implies a role of antibiosis. Disease immunity to Fusarium wilt in Sida
variety showed the highest immunity of 80.95 % when treated with crude EtOAc at 1000
Jg/ml and followed by crude EtOAc at 500 pg/ml that showed immunity of 30.09 %. Bio-
formulations produced from E. rugulosa in powder and oil bases gave highly significant
different in DSI when compared to the non-treated control. Oil based bioformulation
gave significantly higher in growth parameters and yield than powder based formulation,
culture filtrate of E. rugulosa and chemical fungicide treatment and lower wilt incidence

of tomato than the others.

Introduction

Tomato (Lycopersicon esculentum Mill.) is one of the most widely cultivated,
popular and important vegetable crops in the world. Fusarium oxysporum f. sp.
lycopersici (Sacc.) Snyder and Hansen is one of the most common pathogen that
causes wilt of tomato in areas of upland cultivation which can cause economic losses.
F. oxysporum f. sp. lycopersici has become one of the most damaging and difficult to
control wherever tomatoes are grown intensively because it grows endophytically and
persists in infested soils (Agrios, 1997). The disease control measures for this vascular
wilt are either inefficient or it is difficult to apply the chemical fungicides. Over time
tomatoes may dévelop resistance to some races of the pathogen; however, the
pathogenic fungus may also develop resistance to chemical fungicides (Silva and



Bettiol, 2005). Emericella spp. belong to the Ascomycota, and have been reported as
antagonists against plant pathogen (Sibounnavong et al. 2010). Emericella rugulosa
used in this study has been shown to produce five prenyixanthones, ruguloxanthones A-C,
14-methoxytajixanthone ajixanthone ethanoate, a bicyclo[3.3.1Hona-2,6-diene derivative named
rugulosone, shamixanthone, tajixanthone, 14-methoxytajixanthone-25-acetate,
tajixanthone hydrate, tajixanthone methanoate, isoemericellin and ergosterol. Among
these, the bicyclo[3.3.1]-nona-2,6-diene derivative has been shown to exhibit
antimalarial and antimycobacterial activity and cytotoxicity against three cancer cell
lines (Moosophon et al. 2009). Another species of Emericella (Emericella nidulans), has
also been reported to antagonize F. oxysporum f. sp. lycopersici (Sibounnavong et al.
2009a; 2010). The antimicrobial activity tajixanthone, which is produced by E. rugulosa
ERO1, could be involved in the disease control mechanism of these antagonistic fungi
against the tomato wilt fungus F. oxysporum f. sp. lycopersici. The objectives of this
study were to evaluate the antagonistic fungus, Emericella rugulosa as a new
antagonist against F. oxysporum f. sp. lycopersici causing tomato wilt and to elucidate

its control mechanism as antibiosis for a role of biocontrol of wilt disease.
MATERIALS AND METHODS

Pathogen and Pathogenicity test

Pure cultures of F. oxysporum f. sp. lycopersici were isolated from Burirum,
Khonkaen, Nongkhai, Nakhonratchasima and Sakon-nakhon provinces in Thailand and
culture on potato dextrose agar (PDA) as follows:- isolates BRCO3, KK2, KSoC02,
NKSCO01, NKSC02, NKRC02, NKRC04, NKRC09, NSC01, SRCO02, SSoC03, and
SSoC04. These isolates were previously confimed by sequencing the internal
transcribed spacer (ITS) region ITS1, 5.8S and ITS2 and a small portion of 18S rDNA
and a small portion of the 28S rDNA (Charoenporn et al. 2010). Pathogenicity was
reconfirmed by inoculating the pathogen to 15 day old tomato seedling var. Sida using
root-dipped method (Marlatt et al., 1996) with conidial suspension of pathogen 1x107
conidia/ml. Disease severity index (DSI) was scored at 21 days after inoculation based

on the modified disease severity scale as follows:- 1= no symptom; 2= plant showed



yellowing leaves and wilting 1-20%, 3= plant showed yellowing leaves and wilting 21-
40%, 4= plant showed yellowing leaves and wilting 41-60%, 5= plant showed yellowing
leaves and wilting 61-80%, and 6= plant showed yellowing leaves and wilting 81-100%or
die. Pathogenicity test was conducted twice for each isolate. All tested isolates were
recorded for non-pathogenic and pathogenic isolates. Pathogenicity group was
categorized according to DSI as non-pathogenic (DSI =1), low (DSI = 3.50), moderate
(DSI > 3.50 - 4.50), and high (DSI > 4.50). The most aggressive isolate was selected for
further experiment.

Growth of Emericella rugulosa ER01 culture in liquid media and pH levels
Emericella rugulosa ERO1 isolated from cultivated soil was used as antagonistic
fungus. The fungus was sub-cultured on PDA for examination the morphological
characteristics for using in further study. Three media namely Potato dextrose broth
(PDB), coconut water dextrose broth (CWDB) and mixed between PDB and CWDB (1:1)
were prepared and used in this experiment. Potato dextrose broth (PDB) was prepared
by boiling 200g of potato in 1000 ml of water and mixed with 20g of dextrose, for CWDB
was prepared by boiling 1000 ml of coconut water and mixed with 20g of dextrose. The
media were separated in 20 ml of medium in each flask and adjusted the pH levels by
adding either HCI or NaOH to get the required pH levels after that, the media were
sterilized by autoclaving at 121° C, 15 Ibs/inch? for 20 min. Then an agar plug (0.3 cm
diameter) of E. rugulosa was transferred into each Petri dish and incubated for 14 days
at room temperature (approximately, 30-32 °C). After 14 days, the culture on each Petri
dish was separately filtered using Whatman filter paper No 4 to get the fresh fungal
biomass. The fungal biomass was air dried at room temperature for 48 hours. Fresh
fungal biomass was weighted (g) using electrical balance. The experiment was set up
using two factorial experiment in Completely Randomized Design (CRD). The two
factors were as follows: - three kinds of media and the four pH levels of the media. Each
treatment was consisted with four replications. The following are the treatments of the
study:Factor A - kinds of media a1 = PDB (Potato Dextrose Broth); a2 = CWDB
(Coconut Water Dextrose Broth); a3 = mixed between PDB and CWDB, Factor B — pH
levels b1 =5, b2 =6, b3 =7and b4 = 8. The most suitable medium and pH level for the



fungus growth was used as medium to culture the antagonist for preparing the fungal
biomass to formula the biofungicides to control Fusarium wilt of tomato in the pot

experiment.

Crude extract bioassay against F. oxysporum f. sp. lycopersici

Crude extraction from Emericella rugulosa was done by following the method of

Kanokmedhakul et al. (2006), Moosophon et al. (2009), and Thohinung et al. (2010).
E. rugulosa was cultivated in potato dextrose broth (PDB) at room temperature for 30
days to yield fresh fungal biomass and dried overnight. The dried fungal biomass was
ground and sequentially extracted with hexane, ethyl acetate, and methanol. The crude
filtrate was evaporated in vacuo to separate solvent and then yielded crude hexane,
crude ethyl acetate (EtOAc), and crude methanol (MeOH) extracts, respectively.

The crude extracts were assayed for inhibition of the most virulent isolate of F.
oxysporum f. sp. lycopersici. The experiment was conducted by using a factorial
experiment in CRD with four replications. Factor A represented crude extracts, al =
crude hexane, a2 = crude ethyl acetate and a3 = crude methanol. Factor B represented
the different concentrations: b1 = 0 pg/ml (control), b2 = 50 pg/ml, b3 = 100 pg/ml, b4 =
500 pg/ml and b5 = 1,000 ug/ml. Each crude extract was mixed with PDA before
autoclaving at 121°C (15 psi) for 30 min. A sterilized cork borer was used to remove
agar plugs from the actively growing edge of the pathogen culture at 3 mm diameter. An
agar plug was transferred to the center of 5 cm diameter of each Petri dish on PDA
containing crude extract at each concentration and incubated at room temperature until
the pathogen on the control plates had grown over the plate. Data were collected
regarding the number of conidia produced by the pathogen and used to calculate the
percentage of conidia inhibition. The effective dose (EDsp) was calculated using Probit
analysis. The experiment was repeated twice. The most effective crude extract was

used for study on effect of fungal metabolites on disease incidence.

Pure compound bioassay against F. oxysporum f. sp. lycopersici
Tajixanthone, pure compound from chromatographic separation of the crude

hexane extract from E. rugulosa. Its structure was identified by spectroscopic method.



Dried mycelium mat of E. rugulosa was ground into powder and then extracted with
hexane for 3 times. The solvent extract was evaporated in vacuo to get crude hexane,
extract. The crude hexane extract was separated by chromatographic methods. The
structures of the isolated compound were elucidated base on IR, 'H NMR, *C NMR and
2D NMR. The experiment was conducted using CRD with four replications. Treatments
were the concentrations of 0 pg/ml (control), 50 pg/ml, 100 pg/ml and = 500 pg/ml. The

method was done as same as crude extract bioassay.

Effect of crude extracts for disease immunity of wilt incidence in tomato var Sida

The experiment was conducted by using a CRD with four replications. Treatments
were conducted as follows: T1= control; non-inoculated with conidia of pathogen; T2=
control; inoculated with conidia of the pathogen; T3= inoculated with pathogen mixed
with 500 pg/mi of the most effective crude extract and T4= inoculated with pathogen
mixed with 1000 ug/ml of the most effective crude extract. The roots of 20— day- old
tomato seedlings var. Sida were washed under running sterilized water and cut at five
points on the root tips before dipping the roots into each treatment. A 20 ml spore
suspension of 1x10” spores/ml mixed with different concentrations of crude extract for
15 min. The seedlings were then planted in pots which contained sterilized soil. The
experiment was repeated twice. DSI was scored as previous experiment and disease
immunity (%) was computed as follows:- DSI in control — DSI in treatment/ DSI in control
X 100.

Testing bioformulation of E. rugulosa to control Fusarium wilt of tomato’

Bioformulations were separately formulated as powder, oil based formulation
according to the method of Soytong (2001) by using fungal biomass of E. rugulosa. The
antagonistic fungus was cultured in the PDB mixed CWDB at pH 5-6 and incubated at
room temperature for 30 days. The number of antagonistic spores in bioormulation was
adjusted to 2 x 10" spores/ml before added either in sterilized palm’s oil for oil based
bioformulation or sterilized talcum for powder based bioformulation.

Bioformulations of E. rugulosa were tested for their abilities to control tomato wilt
caused by F. oxysporum f. sp lycopersici in vivo. Tomato seedlings var. Sida at 30 days
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old were inoculated with conidial suspension of F. oxysporum f. sp. lycopersici at
concentration of 1x10”conidia/ml by dipping root for 15 min and transplanted into plastic
pot contained with sterilized mix soil (soil.sand:compost, 4:1:1). Sterilized mix soil was
sterilized at 121°C, 15 Ibs/inch? for 1 h in two consecutive days. Randomized Completely
Block Design (RCBD) was performed with four replications. Treatments were designed
as follows:-, non-inoculated control,(T,), inoculated with pathogen and non-treated bio-
agent formulation (T>), culture filtrate from antagonist (T3), powder bioformulation (T4),
oil liquid bioformulation (Ts) and Chemical fungicide (prochoraz 50% WP) (Te). Each
treatment were separately applied at the rate of 20 ml/ 20 L of water while powder
bioformulation and prochoraz 50% WP chemical fungicide was applied at the rate of 20
g/ 20 | of water at every 2 weeks by spraying around rhizosphere soil and above plants.
Data were collected as disease severity index (DSI), plant height (cm), plant fresh (g),
fruit weight (g), fruit per plant and root weight (g). Disease severity index (DSI) was
scaled as previous experiment. Percentage of disease reduction was analyzed using
formula: % disease reduction = (Disease severity index of control — Disease severity
index of treatment)/ Disease severity index of control x 100.. Percent increased in yield
was analyzed using formula: (yield per plant in treatment — yield per plant in control)/
yield per plant in treatment x 100. All data were subjected to analysis of variance
(ANOVA). Treatment means were statistical compared with Duncan’s New Multiple
Range Test (DMRT) at P<0.05 to separate means. The experiment was repeated two

times.

RESULTS
Pathogen and pathogenicity test

It was shown that the isolate NKSC02 gave significantly highest disease index of
5.50 level which resulted to high virulent to cause wilting of tomato var Sida and followed
by isolate NKSC01 and KK2 which DSI were 4.75 and 4.25 respectively (Table1). The
isolates BRC03, KSoC02, NKRC02, NKRC04, NKRC09, NSC01, SRC02, SSoC03 and
SSoC04 were non-pathogenic isolates. Isolate NKSC02 was then selected for further

experiment.



Growth of Emericella rugulosa ER01 culture in liquid media and pH levels

Results showed that E. rugulosa could grown very well in mixed media of PDB and
CWDB in the range of pH levels ; 5, 6, 7 8 which gave significantly produced fresh
weight of fungal biomass at 1.70, 1.57, 1.60 and 1.70g / Preti dish when compared with
other treatments respectively as seen in Table 2. This result suggested that mixed
media between potato dextrose broth (PDB) and coconut water dextrose broth (CWDB)
at pH levels range from 5 - 8 are more suitable medium and pH levels for mycelial
production of E. rugulosa than other treatments. It is concluded that PDB+CWDB, pH5-8
gave significantly highest weight of fresh fungal biomass, followed by PDB; pH7-8,
CWDB; pHB, respectively.

Crude extract bioassay against F. oxysporum {. sp. lycopersici

Crude extracts of the antagonist, E. rugulosa could inhibit conidial production
(macroconidia and microconidia) of the pathogen at the concentrations ranged
from 10 to 1,000ug/ml as shown in Table 3. Crude extracts of tested antagonists
showed the highest properties to inhibit conidial production of F. oxysporum f.sp.
lycopersici NKSC02 at 1,000ug/ml. Crude ethyl acetate of E. rugulosa was the
most effective crude extract gave highly significant different of colony diameter
and number of conidia production by the pathogen at the lowest when compared
to other treatments which were 3.67 cm and 2.15x10” spore/ml while control plate
that did mixed with the crude extract produce conidia by the pathogen at 17.6x1 0’
spore/ml followed by crude hexane that gave colony diameter at 4.29 cm and
number of conidia at 4.22x107 spore/ml. While crude methanol gave 4.62 cm of
colony diameter and 7.54x10” spore/ml of conidia. The highest conidial inhibition
was presented by crude ethyl acetate at the concentration of 1000ug/ml followed
by crude hexane and crude methanol which were at 87.55, 76, and 55.41%,
respectively. Crude ethyl acetate showed the highest inhibition of conidial

production of the pathogen in which EDso value was 138 ug/ml while crude



10

hexane and crude methanol presented their abilities to inhibit conidial production

at the EDso values 313 and 1372 pg/ml, respectively.

Pure compound bioassay against F. oxysporum f. sp. lycopersici

A pure compound of Tajixanthone from E. rugulosa is elucidated the structures
base on IR, 'H NMR, *C NMR and 2D NMR. Result confirmed that tajixanthone
expressed antifungal activity against mycelial growth, macrocondia and microconidia of
F. oxysporum f.sp. lycopersici NKSC02 which the EDso of 122, 54 and 42 pg/ml,,
respectively (Table 4).

Effect of crude extracts for disease immunity of wilt incidence in tomato var Sida

Result found that treated tomato seedlings var Sida with crude EtOAc of E.
rugulosa at 1000 ug/ml gave significant lower DSI from treated with crude EtOAc of E.
rugulosa at 500 pg/ml when compared to the inoculated with F. oxysporum f.sp.
lycopersici NKSCO02 as shown in Table 5. Disease immunity to Fusarium wilt in Sida
varieiy showed the highest immunity of 80.95 % when treated with crude EtOAc at 1000

Hg/ml and followed by treated with crude EtOAc at 500 pg/ml which showed immunity of
30.09 %.

Testing bioformulation of E. rugulosa to control Fusarium wilt of tomato

The disease severity index (DSI) of Fusarium wilt was lowest wilt incidence in oil
and powder bioformulations (DSI 2 and 1.75) and followed by culture filtrate (DSI 2.5)
which significantly differed from Prochoraz (DSI 4.25) and inoculated control(DSI| 5.00).
The non inoculated control was no wilt incidence. With this, application of oil
bioformulation {eaded to reduce wilt incidence of 60 % and followed by application of
powder bioformulation, culture filtrate and Prochoraz which reduced wilt incidence of 58,
50 and 15 %, respectively. Based on the result, oil bioformulation gave significantly
highest in plant height (119.50 cm) and followed by powder bioformulation, culture
filtrate and Prochoraz which were 105.25, 85.25 and 74.00 cm, respectively when

compared to the inoculated control (65.75 cm). Plant weight showed the highest after



11

apply oil bioformulation (182.35 g), and followed by powder formulation, culture filtrate
and Prochoraz which were 168.50,153.75 and 137.00 g, respectively when compared to
the inoculated control (73.75 g). With this regards, the root weights of oil and powder
bioformulations gave significantly better than culture filtrate and Prochoraz treatments.
Oil bioformulation gave significantly highest in fruit weight (584.25 g) and followed by
powder bioformulation (540.75 g), culture filtrate (430 g) and Prochoraz(191.35 g) which
significanyly differed from the inoculated control (280 g). The number of fruits in oil
bioformulation application gave significantly higher than powder bioformulation, culture
fitrate and Prochoraz treatments which significantly differed from the inoculated control
(Tables 6 and 7).

DISCUSSION

Isolate NKSCO02 is confirmed as a virulent to cause wilting of tomato var Sida which
was previously reported by Sibounnavong et al. (2010) and this isolate was also
confirmed by molecular phylogeny as F. oxysporum f. sp. lycopersici by Charoenporn et
al. (2010) who sequenced the internal transcribed spacer (ITS) region ITS1, 5.8S and
ITS2 and a small portion of 18S rDNA and a small portion of the 28S rDNA. E. rugulosa
could grown very well in mixed media of PDB and CWDB in the range of pH levels from
5- 8 which optimum condition for the growth of E. rugulosa. The result was similar to the
report of Sibounnavong et al. (2009b) who stated that mixed medium between PDB and
CWBD at pH levels 5-8 was the optimum condition for the growth of E. nidulans.

Crude ethyl acetate from E. rugulosa gave the highest inhibition of conidial
production of F. oxysporum f. sp. lycopersici in which EDsg value was 138 pg/ml while
crude hexane and cfude methanol presented their abilities to inhibit conidial production
at the EDsp values 313 and 1372 ug/ml, respectively. As a result, Sibounnavong et al
(2009a) reported that methanol crude extract from E. nidulans gave the highest inhibition
of F. oxysporum f. sp. lycopersici. It is explained that ethyl acetate crude extract from E.
rugulosa might have different antagonistic substances from methanol crude extract from
E. nidulans as reported by Moosophon et al (2006).

Thereafter, separation of crude extracts to get pure compound of tajixanthone, it is

proved that tajixanthone can actively express against F. oxysporum f.sp. lycopersici
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NKSCO02 at lower concentration than crude extracts which the EDso of 122 ug/ml to
inhibit mycelia growth, 54 ug/ml to inhibit macrocondia and 42 pg/ml., to inhibit
microconidia. Moosophon et al (2006) isolated pure compounds from E. nidulans as
epishamixanthone, shamixanthone , emericellin, ergosta-6, 22-diene-3-0l-5, 8-epidioxy-
(33 5a, 22E), sterigmatocystin and demethylsterigmatocystin which differed from
isolation of pure compounds from E. rugulosa as found five new prenylxanthones,
ruguloxanthones A-C, 14-methoxytajixanthone and tajixanthone ethanoate, one novel
cyclooctadiene derivative, together with seven known, shamixanthone, tajixanthone, 14-
methoxytajixanthone-25-acetate, tajixanthone hydrate, tajixanthone methanoate,
isoemericellin and ergosterol (Moosophon et al, 2009). it is indicated that tajixanthone
isolated from E. rugulosa firstly reported as a fungal metabolite to be actively against F.
oxysporum f.sp. lycopersici implies antibiosis as a role of control mechanism.

A part from the result, crude EtOAc of E. rugulosa with contains tajixanthone
proved to be an microbial elicitor to induce immunity in tomato. As the inoculated
tomato seedlings with F. oxysporum f.sp. lycopersici showed disease immunity to
Fusarium wilt in Sida varieiy of 80.95 % where the wilt incidence was much lower than
the inoculated control. Hanh (1996) stated that elicitors are molecules that stimulate any
of a number of defense responses in plants, such as synthesis of phytoalexins and
pathogenesis-related proteins (PR-proteins). Such responses occurs after the binding of
elicitor molecules to receptors normally located on the plant cell surface, promoting a
signal transduction pathway that will lead to the activation of one or more defense
mechanisms. The first characterized elicitors were oligosaccharide fragments from
fungal cell walls, including oligochitin and oligochitosan (Hahn, 1996).

The biological fungicides has been released and distributed to the growers over a
decade. Kaewchai et al (2009) stated that mycofungicides have been promoted for
agricultural use because of their ability to control plant diseases and to increase crop
production in an environmental friendly manner. The registered biological fungicide
formulated from C. cupreum in Thailand could decrease disease incidence of tomato wilt
and also increased in yield (Soytong, 1992).

In this study, Fusarium wilt was lowest wilt incidence in oil and powder

bioformulations from E. rugulosa which significantly differed from Prochoraz and
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inoculated control. The application of oil bioformulation from E. rugulosa could reduce
wilt incidence of 60 % and followed by application of powder bioformulation and
Prochoraz which reduced wilt incidence of 58 and 15 %, respectively.

As comparison to the work of Charoenporn et al. (2010) reported that oil bio-agent
formulation from the other antagonistic fungi of Chaetomium globosum and Ch.
lucknowense also showed their biological ability to control tomato wilt. The bio-agent
formulations namely N0802, CLT and PCO1 gave significantly highest disease reduction
of tomato wilt which were 44.68, 36.28 and 41.01%, respectively, followed by prochoraz
(21.95%). Charoenporn et al. (2010) stated that all tested bio-agent formulations could
significantly increase the yield of tomato when compared to prochoraz and inoculated
control. 1t is concluded that C. globosum, C. lucknowense and T. harzianum developed
as bio-agent formulations namely N0802, CLT and PCO1 and showed their abilities to
control tomato wilt. Based on the result, oil bioformulation from E. rugulosa gave
significantly better plant parameters in terms of plant height, plant weight, root weight,
number of fruits and fruit weight than powder bioformulation and Prochoraz when
compared to the inoculated control with F. oxysporum f. sp lycopersici.

This result is similar to the report of Charoenporn et al. (2010) stated that all tested
bio-agent formulations of antagonistic fungi; Chaetomium globosum and Ch.
lucknowense could significantly reduce tomato wilt caused by F. oxysporum f. sp
lycopersici and increase in yield of tomato when compared to prochoraz and inoculated
control. However, bioformulation from E. rugulosa in this research finding revealed a
good result to control wilt incidence of tomato caused by F. oxysporum f. sp lycopersici
Soytong et al. (2001) showed that the biological products consist of Chaetomium sp. (22
strains of C. cupreum and C. globosum) in biopellet and biopowder formulations which
when applied to the soil could suppress the growth of F. oxysporum f.sp. lycopersici and
reduce infection rate in tomato and those bioproducts has been released to the market.
It is suggested that this new bioformulation of E. rugulosa could be used for further
biofungicide to control tomato wilt caused by F. oxysporum f.sp. lycopersici.
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Table 1. Isolates of Fusarium spp. and their pathogenicity groups in Sida variety

Sources Isolates DSl Pathogenicity groups
Burirum BRCO3 1.00d? Non-pathogenic
KhonKaen KK2 4.25¢ Moderate virulent
KSoC02 1.00d Non-pathogenic
Nongkhai NKSCO01 4.75b High virulent
NKSC02 5.50a High virulent
NKRC02 1.00d Non-pathogenic
NKRC04 1.00d Non-pathogenic
NKRCO0S 1.00d Non-pathogenic
Nakhonratchasima NSCO1 1.00d Non-pathogenic
Sakon Nakhon SRC02 1.00d Non-pathogenic
SSoC03 1.00d Non-pathogenic
SSoC04 1.00d Non-pathogenic

'Disease severity index (DSI) was scored at 21 days after inoculation. 1= no symptom; 2= plant showed yellowing
leaves and wilting 1-20%, 3= plant showed yellowing leaves and wilting 21-40%, 4= plant showed yellowing leaves
and wilting 41-60%, 5= plant showed yellowing leaves and wilting 61-80%, and 6= plant showed yellowing leaves and
wilting or die 81-100%.

Average of four replications. Means with the same common letters in each column are not significantly different
according to Duncan’s multiple range test at P = 0.01.

3 pathogenicity group was categorized according to DS! as non-pathogenic (DSI =1), low (DS < 3.50), moderate
(DSI > 3.50 - 4.50), and high (DS| > 4.50).

Table 2. Fresh weight of fungal biomass of E. rugulosa in different liquid media and pH

levels

Media pH Fresh weight (g)

PDB 5 1.30cd
6 1.19d
7 1.54ab
8 1.29cd

cwoB 5 1.14d
6 1.38bc
7 1.15d
8 1.13d

PDB:CWDB 5 1.70a"
s 1.57a
2 1.60a
8 1.70a

CV(%) 6.57

IAverage of four replications . Means with the same common letters in each column are not significantly different according to Duncan’s muitiple

range test at P = 0.01.
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Table 3. EDs of crude extracts from Emericella rugulosa to inhibit Fusarium oxysporum
f.sp. lycopersici isolate NKSCO02 at 7 days

Crude extracts | Concentrations | Number of conidia Conidial EDs
(ug/ml) x107 inhibition (ug/ml)
(%)
Crude hexane 0 17.60a -
10 16.67abc 5.12h
50 15.45def 12.18efg
100 12.33g 29.686d 313
500 7.92h 55.06¢
1000 4.22i 76.00b
Crude EtOAc 0 17.50ab -
10 15.65cde 9.43fgh
50 14.47ed 16.03ef 138
100 8.66h 49.75¢
500 4.50i 73.87b
1000 2.15j 87.55a
Crude MeOH 0 17.00ab -
10 16.37bcd 6.43gh 1372
50 15.44def 11.6efgh
100 14.33f 17.8%¢
500 15.05g 25.26d
1000 7.54h 55.41¢c
CV (%) . 4.77 —

'Average of four replications . Means with the same common letters in each column are not significantly different according to

Duncan’s multiple range test at P = 0.01.
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Table 4. EDsp of tajixanthone, a pure compound of Emericella rugulosa to inhibit
Fusarium oxysporum f.sp. lycopersici isolate NKSC02 at 7 days

Inhibition EDso (Hg/ml)
Colony 122
Macroconidia 54
Microconidia 42

Table 5. Effect of crude extracts to induce disease immunity of wilt incidence in tomato
var Sida

Treatments Plant DSl Disease immunity®
height (cm) (%)

T1 inoculated with pathogen 20.7b° 5.25a -

T2 treated with crude EtOAc of ER at 500 pJg/ml 40.75a 3.25b 30.09

T3 treated with crude EtOAc of ER at 1000 pug/ml | 41.25a 1.00c 80.95

T4 non inoculated control 41.75a 1.00c -

CV(%) 9.42 20

'Disease severity index (DSI) was scored at 21 days after inoculation. 1= no symptom; 2= plant showed yellowing
leaves and wilting 1-20%, 3= plant showed yellowing leaves and wilting 21-40%, 4= plant showed yellowing leaves
and wilting 41-60%, 5= plant showed yellowing leaves and wilting 61-80%, and 6= plant showed yellowing leaves and
wilting or die 81-100%.

Average of four replications. Means with the same common letters in each column are not significantly different according to
Duncan’s multiple range test at P = 0.01.

Disease immunity (%) = DSI in contral — DSI in treatment/ DSI in control X 100.

Table 6. Testing bioformulations to control Fusarium wilt of tomato in vivo

Treatments Plant Plant Root Fruit fruits/plant | DSI"
height(cm) | weight(g) | weight(g) | weight(g)

non inoculated control 97.25¢ 163.25b | 6.62b 280.00d | 19.50d 1.00c
inoculated with pathogen 65.75f 73.75e 4.32c 141.25f 10.25f 5.00a
powder bioformulation 105.25b 168.50b | 12.25a 540.75b | 29.25b 1.75bc
Oil bioformulation 119.50a° | 182.25a | 13.25a 584.25a | 40.50a 2.00bc
culture filtrate 85.25d 153.75¢c | 6.12bc 430.00c | 24.50c 2.50b
Prochoraz 74.00e 137.00d | 5.20bc 191.25e 15.00e 4.25a
CV(%) 3.14 1.19 15 3.22 8.71 19.54

‘Disease severity index (DSI) was scored at 21 days after inoculation. 1= no symptom; 2= plant showed yellowing
leaves and wilting 1-20%, 3= plant showed yeliowing leaves and wilting 21-40%, 4= plant showed yellowing leaves
and wilting 41-60%, 5= plant showed yellowing leaves and wilting 61-80%, and 6= plant showed yellowing leaves and
wilting or die 81-100%.

2Avearage of four replications. Means with the same common letters in each column are not significantly different according to
Duncan’s multiple range test at P = 0.01.
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Table 7 Percent increased in plant growth and disease reduction after apply bioformulations

Treatments Plant Plant Root Fruit Numbers | DR®
height weight weight weight of
fruit/plant
powder bioformulation 37.25" 56.23 64.73 73.87 64.95 58
Oil bioformulation 44 .56 61.17 67.39 75.82 74.69 60
culture filtrate 19.35 52.03 29.41 67.15 58.16 50
Prochoraz 11.48 46.16 16.92 26.14 31.66 15

Increased in plant growth parameters = treatment — inoculated control / treatment X 100.
Disease reduction (DR) = disease index of inoculated control - disease index of
treatment/disease index of inoculated control X 100.
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The isolate VTS16 was significantly highest disease index of tomato wilt caused by F.
oxysporum f sp lycopersici var Sida which categorized as high virulent. E. nidulans isolate 101
is screened to be the most potential antagonistic fungus against F. oxysporum f sp lycopersici
which inhibited spore production of 82.05 %. Crude methanol of E. nidulans isolate LO1
expressed antifungal activity against F. oxysporum f sp lcopersici at the EDsy of 112 pg/ml,
and follwed by crude ethyl acetate and crude hexane which were 379 and 915 pg/ml,
respectively. Thereafter, E. nidulans 1.01 cultured on PDB at pH 8 and mixed PDB and CWDB
at pH6 produced the highest fungal biomass and suitable to propagate for spore production.
Disease index in oil based formulation produced from E. nidulans isolate LO1 gave the lowest
wilt incidence of tomato var Sida (DSI 1.75) and followed by powder based formulation (DSI
2.00), culture filtrate (DSI2.75) and prochoraz (DSI 3.50) when compared to inoculated control
(DSI 4.75). 1t is shown that oil based formulation showed significantly better plant height
(119.25 cm) than powder based formulation which plant height was 109.75 cm and followed by
culture filtrate and prochoraz which plant height were 84.50 and 73.00 cm, respectively when
compared to the inoculated control (62.75 cm). Powder and oil based formulations gave the
plant weight of 91.75 and 98.50 g/plant which better in plant weight than culture filtrate and
prochoraz (68.00 and 67.00 g/plant) which non-significantly differed when compared the
inoculated control (64.00 g/plant). Results in root weight and fruit number/plant were similar
to those in plant weight. Tomato treated with oil and powder based formulation of E. nidulans
isolate LO1 gave the highest yields (fruit weight) 0f218.50 and 197.50 g/plant, respectively and
followed by treated with culture filtrate and prochoraz which yielded 128.00 and 107.00
g/plant, respectively when compared to the inoculated control (83.75 g/plant). As a result, it is
indicated that power and oil based formulations increased in plant growth parameters 30-60 %
when compared to inoculated control. Oil and powder based formulations reduced the wilt
incidence of 63.15 and 57.89 % and followed by culture filtrate and prochoraz which reduced
wilt incidence 0f 42.10 and 36.31 %, respectively.

Key words: Emericella nidulans, Fusarium oxysporum f. sp. lycopersici, crude extracts, bio-
agent formulations
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Introduction

Tomato (Lycopersicon esculentum Mill.) is widely cultivated as vegetable
crops in the world. Fusarium oxysporum f. sp. lycopersici (Sacc.) Snyder and
Hansen causes wilt of tomato mostly in upland areas which cause economic
losses. F. oxysporum f. sp. lycopersici causing tomato wilt has become difficult
to control wherever tomatoes are intensively grown and persisted in the infested
soils (Agrios, 1997). The disease controls are managed either inefficient or
difficult by using the chemical fungicides. Over time tomatoes have been
reported to develop resistant to some races of F. oxysporum f. sp. lycopersici or
the pathogen may also develop resistant to chemical fungicides (Silva and
Bettiol, 2005). The excessive and misuse of a wide range of fungicides has led
to harmful to environment and increase resistant pathogen populations
(Soytong et al., 2001).

The available control methods for Fusarium wilt of tomato are either
inefficient or difficult to apply (Alabouvette ef al., 1998). Biological control of
plant disease using of beneficial microorganisms would help to reduce the
chemical fungicide application and decrease cost of production. It has been
proved the effective biological control agents through antibiosis, competition,
suppression, direct parasitism and induced resistance. (Haggag and Mohamed,
2007 and Larkin and Fravel, 1998). Reports on biological control of Fusarium
wilt have been increased using Trichoderma harzianum, Pythium oligandrum,
Achromobacter xylosoxydans, Penicillium oxalicum, non-pathogenic Fusarium
oxysporum, Chaetomium globosum and Chaetomium cupreum (Floch et al.,
2003; De Cal et al., 2000; Moretti et al., 2008; Silva and Bettiol, 2005; Soytong
etal., 2001). Moreover, Larkin and Fravel (1998) reported that non-pathogenic
Fusarium spp. could reduce the incidence of tomato wilt between 50-100%
while Trichoderma spp and Gliocladium spp. reduced wilt incidence between
37-75% and Pseudomonas spp. reduced wilt incidence of 30-63% in field trial.
Suwan et al. (2000) mentioned that mycelial extracts of Trichoderma
harzianum PCO1 which produce Trichotoxin acted as a potent biological
control agent. The extract could inhibit mycelial growth and sporangial
production of Phytophthora palmivora with EDs, values of 2.2 and 0.45 mg/ml.
The mechanism of antibiosis plays the important role of production of
secondary metabolites against plant pathogens. Some specific isolates of
Trichoderma spp have reported to produce volatile and non-volatile antifungal
substances, such as 6-n-pentyl-6H-pyran-2-one (6PP), gliotoxin, viridin,
harzianopyridone, harziandione and peptaibols. Trichoderma spp. was also
reported to be enhanced plant defense responses to pathogen attack (Vinale et
al., 2008). C. globosum produces cell wall hydrolases (such as chitinase and
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glucanase) and antibiotics (such as chaetoglobosin and chaetomanone), which
inhibit fungal plant pathogens (Kanokmedhakul et al., 2002; Park et al., 2005).
These are involoved in biocontrol mechanism. Soytong et al. (2001) stated that
Chaetoglobosin C, the bioactive compound extracted from C. globosum, act as
alien substance which induced a localized and sub-systemic oxidative burst in
tomato, tobacco, potato, and carrot. This possibility acts as an induction of plant
immunity for disease resistance. Moreover, crude extract of C. cupreum
inhibited spore production of F. oxysporum f. sp. lycopersici causing tomato
wilt var Sida at 85.14% (Soytong, 1992).

Emericella spp. belongs to the Ascomycota, and have been reported as
antagonistic fungi against F. oxysporum {. sp. lycopersici (Sibounnavong et al.,
2010). Emericella nidulans and Emericella rugulosa has been reported to
produce antibiotic substances, five prenylxanthones, ruguloxanthones A-C, 14-
methoxytajixanthone ajixanthone ethanoate, a bicycle[3.3.1] -nona-2,6-diene derivative
named rugulosone, shamixanthone, tajixanthone, 14-methoxytajixanthone-25-
acetate, tajixanthone hydrate, tajixanthone methanoate, isoemericellin and
ergosterol. Among these, the bicyclo[3.3.1}-nona-2,6-diene derivative
exhibited not only antimalarial, antimycobacterial activity and cytotoxicity
against three cancer cell lines (Moosophon et al., 2009) but also antifungal
against Fusarium wilt pathogen (Sibounnavong et al., 2009). E. nidulans has
been firsltly reported as a new biological control agent to antagonize F.
oxysporum f. sp. lycopersici causing tomato wilt (Sibounnavong et al., 2010).

The objectives of research project were to isolate F. oxysporum f. sp.
lycopersici causing tomato wilt and pathogenicity proved to screen the virulent
isolate for pathogenicity. Isolation and screening of Emericella spp. as
antagonistic fungi against F. oxysporum f. sp. lycopersici were done. Bi-
culture antagonistic and crude extract tests against F. oxysporum f. sp.
lycopersici were proved it control mechanism. The research finding for
optimum growth of effective isolate Emericella spp. in different media and pH
levels were investigated for mass production. Bio-agent formulations of
effective isolate Emericella spp were performed and evaluated their efficacy.
Testing bio-agent formulations of the effective Emericella spp. to control
Fusarium wilt of tomato var. Sida in pot experiment was also evaluated.
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Materials and methods
Pathogen and pathogenicity test

Fusarium oxysporum f. sp. lycopersici was isolated from tomato
cultivation in Laos PDR by using tissue transplanting and soil plate method
according to the work of Soytong (1992). All isolates were tested for
pathogenicity using tomato seedling var. Sida by inoculating root-dipped with
conidial suspension of pathogen 1x107 conidia/ml. Disease severity index (DSI)
was scored at 21 days after inoculation based on the modified disease severity
of Sibounnavong et al (2010) as follows:- 1= no symptom; 2= plant showed
yellowing leaves and wilting 1-20%, 3= plant showed yellowing leaves and
wilting 21-40%, 4= plant showed yellowing leaves and wilting 41-60%, 5=
plant showed yellowing leaves and wilting 61-80%, and 6= plant showed
yellowing leaves and wilting 81-100% or die. The most virulent isolate was
selected for further experiment. The test was done using Completely
Randomized Design (CRD) with four replications and repeated twice. Data
collection was computed analysis of variance and means were compared using
Duncan’s Multiple Range Test (DMRT) at P = 0.05 and 0.01.

Emericella nidulans as antagonistic fungus

Emericella spp. were isolated from forest soil in Lao PDR using soil plate
technique on glucose asparagines nitrate agar. The isolates were cultured on
poato dextrose agar and tested to screen its biological control potential to
inhibit the most virulence isolate of F. oxysporum f. sp. lycopersici. The most
effective antagonistic fungus of E. nidulans was sub-cultured on potato
dextrose agar (PDA) for further study.

Bi-culture antagonistic test

The test was conducted by using the method of Soytong (1992) and
Sibounnavong et al. (2008 and 2009a). The most promising antagonistic fungus
E. nidulans and the virulent isolate of F. oxysporum f. sp. lycopersici were
made bi-culture on PDA for 7 days, incubated at the room temperature (28-
30°C). The edge of active colony growth of pathogenic fungus and promising
antagonistic fungus was taken with 0.5 mm diameter by the sterilized cork
borer and one agar plug of each fungus was transferred to the opposite sides on
the PDA plates of 9 cm diameter and separately culture of antagonistic fungi
and pathogen served as a controls, incubated at the room temperature (28-30°C)
for three to four weeks. Data were collected as colony diameter (cm) and spore
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production counted on Haemacytometer under binocular compound
microscope. The experiment was done using CRD with four replications. Data
collection were recorded as colony diameter (cm), number spore production of
tested pathogen, and computed the analysis of variance (ANOV), then
compared treatment means using Duncan’s Multiple Range Test (DMRT) at P
= 0.05 and 0.01. The experiment was repeated in two times.

Growth of Emericella nidulans culture in different media and pH levels

The most effective of E. nidulans was further studied on the optimum
growth for bio-agent formulation. The experiment was conducted using two
factor factorial experiment in Completely Randomized Design (CRD). Factor
A - kinds of media, Al = PDB (Potato Dextrose Broth); A2 = CWDB
(Coconut Water Dextrose Broth); A3 = mixed between PDB and CWDB,
Factor B — pH levels, Bl =5, B2 =6, B3 =7 and B4 = 8. PDB was prepared
by boiling 200g of potato in 1000 ml of water and mixed with 20g of dextrose.
CWDB was prepared by boiling 1000 ml of coconut water and mixed with 20g
of dextrose. The media were separated in 20 ml of medium in each flask and
adjusted the pH levels by adding either HCI or NaOH to get the required pH
levels, then sterilized by autoclaving at 121° C, 15 Ibs/inch? for 20 min. An
agar plug of E. rugulosa was transferred into the middle of medium in each
Petri dish and incubated for 7 days at room temperature (approximately, 28-30
°C). After 7 days, the culture on each treatment was separately filtered using
Whatman filter paper No 4 to get fresh fungal biomass. The fungal biomass was
air dried at room temperature for 48 hours. Fresh and dried fungal biomass
were weighted (mg) using electrical balance. The most suitable medium and pH
level for the fungus growth was used as based medium to culture E. nidulans
for preparing the fungal biomass to formula the biofungicide to control
Fusarium wilt of tomato in the pot experiment.

Crude extract test against pathogen

It was also tested the mechanism of control in term of antibiosis of the
most effective E. nidulans. The crude extracts from E. nidulans was performed
followed the method of Kanokmedhakul et al. (2006), Moosophon et al.
(2009), and Thohinung et al. (2010). E. nidulans was cultured in potato
dextrose broth (PDB) at room temperature (30-32°C) for 30 days. The dried
fungal biomass was ground and sequentially extracted with hexane, ethyl
acetate, and methanol. The solvents were then evaporated in vacuo to yield
crude hexane, crude ethyl acetate (EtOAc), and crude methanol (MeOH)
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extracts, respectively. The crude extracts were assayed for inhibition of the
most virulent isolate of F. oxysporum f. sp. lycopersici. The experiment was
conducted by using a factorial experiment in CRD with four replications. Factor
A represented the different solvents: Al = crude hexane, A2 = crude ethyl
acetate and A3 = crude methanol. Factor B represented the different
concentrations: B1 = 0 pg/ml (control), B2 = 50 pg/ml, B3 = 100 pg/ml, B4 =
500 pg/ml and BS = 1,000 pg/ml. Each crude extract was dissolved in 2%
dimethyl sulfoxide and added to PDA before autoclaving at 121°C (15 psi) for
30 minutes. To perform the assay, a sterilized 3-mm diameter cork borer was
used to remove agar plugs from the actively growing edge of the pathogen
culture. An agar plug was transferred to the center of 5 cm diameter Petri dishes
of PDA containing crude extract at each concentration and incubated at room
temperature (30—32°C) until the pathogen on the control plates had grown over
the plate. Data were collected regarding the number of conidia produced by the
pathogen and used to calculate the percentage of conidia inhibition. The
effective dose (EDsg) was calculated using Probit analysis. The experiment was
repeated twice. The most effective crude extract was used for study on effect of
fungal metabolites on disease incidence.

Testing bio-agent formulations to control Fusarium wilt of tomato

Bio-agent formulations were separately formulated as powder and oil
based formulation according to the method of Soytong (2001) by using fungal
biomass of E. nidulans which culture on the optimum pH and medium test from
previously experiment. The culture of E. nidulans was incubated at room
temperature (28-32°C) for 30 days. The ascospores of E. nidulans was collected
and adjusted to 2 x 107 spores/ml, then added into sterilized palm oil as to
formulate the based oil bio-agent form or added to sterilized talcum as based
powder bio-form. Bio-agent formulations of E. nidulans were evaluated for
their abilities to control tomato wilt by inoculated F. oxysporum f. sp
lycopersici to tomato seedlings var. Sida. Tomato seedlings at 30 days old
were inoculated with conidial suspension of F. oxysporum f. sp. lycopersici at
concentration of 1x10’conidia/ml by dipping root for 15 min before
transplanting into plastic pot contained with sterilized mix soil
(soil:sand:compost, 4:1:1). Soil mixture was sterilized at 121 C, 15 Ibs/inch? for
1 h in two consecutive days.

The experiment was conducted using Randomized Completely Block
Design (RCBD) with four replications. Treatments were designed as follows:-
non-inoculated control (T)), inoculated with pathogen and non-treated bio-
agent formulation (T,), culture filtrate of E. nidulans (T3), powder bio-agent
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formulation (T4), oil bio-agent formulation (Ts) and chemical fungicide,
prochoraz 50% WP (T¢). Each treatment was separately applied at the rate of 20
ml/ 20 L of water, while powder bio-agent formulation and prochoraz 50% WP
were applied at the rate of 20 g/ 20 1 of water at every 2 weeks by spraying
around rhizosphere soil and above plants. Data were collected as disease
severity index (DSI), plant fresh weight (g), and fruit weight or yield (g).
Disease severity index (DSI) was scaled as previous experiment. Percentage of
disease reduction was analyzed using formula: % disease reduction = (Disease
severity index of control — Disease severity index of treatment)/ Disease
severity index of control x 100. Plant fresh and dry weights (g) and fruit weight
(g) were recorded at harvested day. Percent increased in yield was analyzed
using formula: (yield per plant in treatment — yield per plant in control)/ yield
per plant in treatment x 100. All data were subjected to analysis of variance
(ANOVA). Treatment means were statistical compared with Duncan’s New
Multiple Range Test (DMRT) at P<0.05 to separate means. The experiment
was repeated two times.

Results
Pathogen and pathogenicity test

Twenty isolates of F. oxysporum was encountered and cultured on PDA
for morphologically study under binocular compound microscope. In general,
culture on PDA appears as fast-growing colony, reaching 9 cm diameter in 7-15
days at room temperature. Aerial mycelium sparse to abundant and becoming
felted, whitish purple or vaiable in color in some isolates. Philophores are short
and formed singly and branched. Macroconidia shape is fusiform, slightly
curved, 3-5 septate, 13.0-34.0 x 2.5-3.5 pm. Microconidia abundant, 0-]
septate, elliptical or cylindrical, straight, 4.0 x 1.5 pm and chamydospores are
in chain with either terminal and intercalary (Figure 1) as similar to Domsch
and Gams (1993).

Pathogenicity showed that isolate VTS16 was significantly highest
disease index of tomato wilt caused by F. oxysporum f sp lycopersici var Sida
which categorized as high virulent and followed by isolate VTS17 which
showed medium virulent. The majority of isolates showed low virulent group as
follows:- VTS 01, 02, 03,04,05,06,07,08,09,10,11,12,13,14,15,18 and 19. Only
isolate of VTS 20 was avirulence as shown in Table 1.
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Table 1. Isolates of Fusarium
pathogenicity group

oxysporum f. sp.

Iycopersici and their

Isolates Samples DSI' Pathogenicity group
VTSI16 Rhizosphere soil 525a’ High
VTS17 Rhizosphere soil 425 b Medium
VTS01 Root 237 ¢ Low
VTS02 Root 237 ¢ Low
VTS03 Root 237 ¢ Low
VTS04 Root 212 cd Low
VTS05 Root 187 cde  Low
VTS06 Root 187 cde Low
VTS07 Root 175 cde Low
VTSO08 Root 162 cde Low
VTS09 Root 162 cde  Low
VTSI10 Root 1.62 cde Low
VTSI11 Root 1.50 cde Low
VTSi12 Rhizosphere soil 150 cde  Low
VTSIi3 Rhizosphere soil 150 cde Low
VTS14 Rhizosphere soil 150 cde Low
VTSI15 Rhizosphere soil 150 cde Low
VTS18 Rhizosphere soil 1.50 cde Low
VTS19 Rhizosphere soil 125 de Low
VTS20 Rhizosphere soil 100 e Availurent
CV(*%) - 24.00 -

"Disease severity index (DSI) was scored at 21 days after inoculation. 1= no symptom;
2= plant showed yellowing leaves and wilting 1-20%, 3= plant showed yellowing
leaves and wilting 21-40%, 4= plant showed yellowing leaves and wilting 41-60%, 5=
plant showed yellowing leaves and wilting 61-80%, and 6= plant showed yellowing
leaves and wilting or die 81-100%.
2Average of four replications. Means with the same common letters in each column are
not significantly different according to Duncan’s multiple range test at P =0.01.

? Pathogenicity group of tested isolates was categorized as Avirulent (A), Low (L),
medium (M) and high virulent.
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Table 2. Fresh weight of fungal biomass of E. nidulans in different liquid

media and pH levels

sl

Media

Fresh weight (g)

PDB

122¢
1.26 be
1.14cd
1.57 a

CWDB

049f
0.58f
0.54f
0.64f

PDB:CWDB

R I WNOIONNR IO N

0.87¢

1.42 ab
1.29 be
0.99de

CV(%)

9.1

'Average of four replications . Means with the same common letters in each column
are not significantly different according to Duncan’s multiple range test at P =0.01.
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Table 3. Bioassay of crude extracts from E. nidulans at different concentrations
to inhibit Fusarium oxysporum f.sp. lycopersiciisolate VTS16 at 7 days.

Crude extracts Concentrations Number of conidia Conidial EDs
(pg/ml) (x10%) inhibition (%)  (pg/ml)
Crude hexane 0 14.6ab -
10 14.07b 4,03
50 12.78¢ 12.88h
100 11.91d 18.8g 915
500 10.11f 31.1ef
1000 5.82h 60.28¢c
Crude EtoAC 0 15a -
10 12.31cd 17.9gh
50 11.11e 25.88f
100 10.11f 32.55¢ 379
500 7.13g 52.40d
1000 5.33h 64.40c
Crude MeoH 0 14.10b -
10 11.81d 16.16gh
50 10.08f 28.39ef
100 5.70h 59.46¢ 112
500 377 73.17b
1000 261j 84.44a
CV (%) 3.59 7.07

TAverage of four replications. Means with the same common letters in each column are not
significantly different according to Duncan’s multiple range test at P = 0.01.

Table 4. Testing bio-agent formulations to control Fusarium wilt of tomato in
vivo :

Treatments Plant Plant Roots Numbers Yield DsY
height weight  weight  of
(cm) (g) (2) fruit/plant
non inoculated 101.75¢ 78.00b 725abc 13.50a 155.50b 1.00e
control
inoculated control 62.75¢ 64.00b 5.00c 8.00b 83.75d 4.75a
powder formulation 109.75b 91.75a 1125a  13.25a 197.50a 2.00 cd
Oil formulation 11925a> 98.50a 10.00ab 15.00a 218.50a 1.75de
culture filtrate 84.50d 68.00b 600bc 8.50b 128.00bc  2.75bc
prochoraz 73.00e  67.00b 7.75abc 9.75b 107.00cd  3.50b
CV.(%) 321 803 22.58 11.80 9.16 16.34

'Disease severity index (DSI) was scored at 21 days after inoculation. 1= no symptom; 2= plant
showed yellowing leaves and wilting 1-20%, 3= plant showed yellowing leaves and wilting 21-
40%, 4= plant showed yellowing leaves and wilting 41-60%, 5= plant showed yellowing leaves
and wilting 61-80%, and 6= plant showed yellowing leaves and wilting or die 8§1-100%.
Average of four replications. Means with the same common letters in each column are not
significantly different according to Duncan’s multiple range test at P = 0.01.
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Table 5. Increased in percentage of growth parameters from testing bio-agent
formulations to control Fusarium wilt of tomato in vivo

Treatments Plant Plant Roots Numbers of Yield DR?
height' weigh  weight  fruit/plant

Powder 42 .82 30.24 55.55 39.62 57.59 57.89

formulation

Oil formulation 4737 35.02 50.00 46.66 61.67 63.15

culture filtrate 4037 5.88 16.66 5.88 34.60 42.10

prochoraz 14.04 447 3548 17.94 21.72 26.31

"Increased in plant growth parameters = inoculated control — treatment / inoculated
control X 100.

Disease reduction (DR) = disease index of inoculated control - disease index of
treatment/disease index of inoculated control X 100.
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The antagonistic fungi of Chaetomium brasilense CB01 and Chaetomium cupreum CC03 were
proved to antagonize F. oxysporum f.sp. lycopersici NKSCO02 race 2 caused tomato wilt of
sida abd cherry varieties. The bioactivities test demonstrated the antagonistic activity of Ch.
brasilense CBO1 and Ch. cupreum CCO3 to inhibit the conidial production of F. oxysporum f.
sp. lycopersici race 2. To elucidate the control mechanism involved in the inhibition of F.
oxysporum f. sp. lycopersici, crude extracts of Ch. brasilense CB01 and Ch. cupreum CC03,
were confirmed for antifungal activity against of F. oxysporum f. sp. bycopersici race 2. The
other control mechanism involved in releasing antibiotic substances to inhibit F. oxysporum f.
sp. lycopersici race 2. All tested crude extracts of Ch. brasilense CB01 and Ch. cupreum CC03,
were significantly inhibited conidia production of F. oxysporum f. sp. lycopersici race 2. It is
indicated that crude extracts from hexane, EtOAc and MeOH from Ch. brasilense CB01
inhibited F. oxysporum f.sp. lycopersici race 2 at the EDs, of 29.87, 38.99 and 2.99 pg/ml,
respectively. Crude extracts from hexane, EtOAc and MeOH from Ch. cupreum CCOQ3 inhibited
F. oxysporum f.sp. lycopersici race 2 at the EDsg0f2.33, 2.38 and 2.65 pg/ml, respectively.
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race 2 , fungal metabolites
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Introduction

Researches on natural products for antimicrobial against plant pathogens
have been reported from several recent works. There are many new species of
promising antagonists that can be used to control Fusarium wilt of tomatoes.
The biocontrol agents and their bioactive compounds extracted from different
species of antagonistic fungi were reported to inhibit the growth of many plant
pathogenic fungi, including Fusarium wilt of tomato (Kanokmedhakul et al.,
2006 and 2003; Thongsri and Soytong, 2004; Srinon et al. 2004, Suwannapong
and Soytong, 2002 and Sibounnavong et al. 2009ab). The bioactive
compounds, Trichotoxin A50 extracted from Trichoderma harzianum PCO1;
and Chaetoglobosin C extracted from Chaetomium globosum.  These
compounds have also been reported to elicit resistance or immunity in plants by
inducing oxidative burst in plant cells (Nuchdonrong et al. 2004; Soytong et al.
2001). The metabolites from fungi become one of potent antifungal against
several plant pathogens. Crude extracts of Trichoderma hamatum WS01 and
Penicillium sp.WS01 were reported to inhibit Fusarium oxysporum fsp.
cucumerinum and F. oxysporum fsp. lycopersici isolated from wilt of
cucumber and tomato (Srinon et al. 2006). Crude extracts from P. chrysogenum
could protect cotton plants against wilt disease (F. oxysporum {. sp. vasinfetum
and Verticillium dahlidae) and increases yield under field condition. (Dong et
al. 2005, 2003; Dong and Cohen, 2001; Saidkarimov and Cohen, 2003) and
Colletotrichum gloeosporioides (Soytong et al. 2005), Phytophthora parasitica
(Meepeung and Soytong, 2004) and De Cal (2004) studied P. oxalicum to
inhibit F. oxysporum fsp. Iycopersici and Botrytis cinerea. In addition,
Gliocladium virens produced gliotoxin (Lumsden ef al. 1992) and its properties
against wood attacking fungi; Postia placenta and Neolentinus lepideus and
Trametes versicolor and Phlebia brevisspora (Terry et al.,1996). Chulalak and
Soytong (2006) reported that the bioactive compound extracted from
Chaetomium cochliodes and Ch. cupreum inhibited plant pathogenic fungi,
Phytophthora palmivora (root rot of pomelo) and Fusarium oxysporum f. sp.
lycopersici (tomato wilt). Soytong et al. (2001) reported that the bioactive
compound from Ch. cupreum inhibited the spore production of F. oxysporum
which the EDsp was 113.43 pg/ml and inhibited the spore production of P.
palmivora which the EDsy was 53.46 pg/ml. Moreover, the bioactive
compounds revealed that Ch. cupreum could reduce the sporulation of P.
palmivora which the EDsy was 279.67 pg/ml. With this, the EDsy of crude
extracts from Ch. cochliodes was 323.01 pg/ml to inhibited F. oxysporum and
the EDso of crude henae and ethyl acetate from Ch. cochliodes inhibited F.
oxysporum were 203.64 and 416.41 pg/ml, respectively. A mechanism of
antibiosis can occur during interactions involving low-molecular-weight

1030



Journal of Agricultural Technology 2012, Vol. 8(3): 1029-1038

diffusible compounds or production of antibiotics by biological control agents
(Benitez et al. 2004). With this, the effective biological control agents produce
several types of antibiotics to play important role in disease control (Lewis et
al. 1989; Handelsman and Stabb, 1996). Specific species of fungi can produce
specific metabolite that either impede spore germination as fungistasis, or kill
the cells as antibiosis (Benitez et al. 2004). T. harzianum PCOl reported to
produce trichotoxin A50 that it would induce resistant to mamy crops like
tomato and potato etc. (Suwan et al. 2000). Ch. globosum can produce
Chaetoglobusin C (Soytong et al. 2001) and Ch. cupream can produce
rotiorinol (Kanokmedhakul et al. 2006). Antibiotics chaetoglobosin C and
rotiorinol were reported to inhibit several plant pathogen e.g. F. oxysporum f.
sp. lycopersici, C. gloeosporides and Phytopthora spp. (Soytong et al. 2001).
The objective was to evaluate the biological activities of antagonists against F.
oxysporum f. sp. lycopesici race 2 caused tomato wilt of sida abd cherry
varieties.

Materials and methods

Pathogen to be tested:- Fusarium oxysporum f.sp. lycopersici NKSC02
race 2 which pathogenic causing wilt to tomato var. Sida and Cherry from
previous reports were used.

Effective antagonists to be tested:- Chaetomium brasilense CB01 and
Chaetomium cupreum CCO3 offered from Assoc. Prof. Dr. Kasem Soytong,
Faculty of Agricultural Technology, King Mongkut’s Institute of Technology
Ladkrabang, Ladkrabang, Bangkok, Thailand were used.

Crude extraction:- Crude extracts from each antagonistic fungus were
done follwed the method of Kanokmedhakul et al. (2006) and Moosophon et
al. (2009). The fungi were cultured in potato dextrose broth (PDB) at room
temperature for 30 days. The dried fungal biomass of each antagonistic fungus
was ground and sequentially extracted with hexane, ethyl acetate and methanol.
The solvents were then evaporated in vacuo to yield crude hexane, crude ethyl
acetate (EtOAc), and crude methanol (MeOH) extracts, respectively.

Bioassays:- Crude extracts were assayed for inhibition of the most
virulent isolate of F. oxysporum f. sp. lycopersici NKSC02 race 2. The
experiment was conducted by using a factorial experiment in Completely
Randomized Design (CRD) with four replications. Factor A represented the
different solvents: Al = crude hexane, A2 = crude ethyl acetate and A3 = crude
methanol. Factor B represented the different concentrations: Bl = 0 pg/ml
(control), B2 = 50 pg/ml, B3 = 100 pg/ml, B4 = 500 pg/ml and B5 = 1,000
pg/ml. Each crude extract was dissolved in 2% dimethyl sulfoxide and added to
PDA before autoclaving at 121°C (15 psi) for 30 minutes. To perform the assay,
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a sterilized 3-mm diameter cork borer was used to remove agar plugs from the
actively growing edge of the pathogen culture. An agar plug was transferred to
the center of 5 cm diameter Petri dishes of PDA containing crude extract at
each concentration and incubated at room temperature until the pathogen on the
control plates had grown over the plate. Data were collected regarding the
number of conidia produced by the pathogen and used to calculate the
percentage of conidia inhibition. The effective dose (EDso) was calculated using
Probit analysis. The experiment was repeated twice.

Results

Chaetomium brasilense CB01 and Chaetomium cupreum CCO03 at
different concentrations of 0, 10, 50, 100, 500, and 1,000 g/ml were tested for
inhibition of F. oxysporum f. sp. lycopersici NKSC02 which obtained from
previous experiment. Hexane crude extract from Ch. brasilense CBOl at the
concentrations of 10, 50, 100, 500 and 1000 pg/ml gave significantly different
in colony diameter of F. oxysporum f. sp. lycopersici NKSC02which were
3.67,3.19, 2.67, 2.37 and 1.94 cm, respectively when compared to the control
(0 pg/ml) of S cm. EtOAc crude extract from Ch. brasilense CBO1 at the
concentrations of 10, 50, 100, 500 and 1000 pg/ml gave significantly different
in colony diameter of F. oxysporum f. sp. lycopersici NKSCO02which were
3.05,2.92, 2.64, 2.27 and 2.22 cm, respectively when compared to the control
(0 upg/ml) of 5 cm. MeOH crude extract from Ch. brasilense CBO1 at the
concentrations of 10, 50, 100, 500 and 1000 pg/ml gave significantly different
in colony diameter of F. oxysporum f. sp. lycopersici NKSC02which were
3.67,3.50,2.97,2.77 and 2.22 cm, respectively when compared to the control.

Hexane crude extract from Ch.cupreum CCO3 at the concentrations of 10,
50, 100, 500 and 1000 pg/ml gave significantly different in colony diameter of
F. oxysporum f. sp. lycopersici NKSC02which were 5.00, 4.87, 447, 4.45 and
4.12 cm, respectively when compared to the control. EtOAc crude extract from
Ch. cupreum CCO3 at the concentrations of 10, 50, 100, 500 and 1000 pg/ml
gave significantly different in colony diameter of F. oxysporum f. sp.
lycopersici NKSC02 which were 5.00, 3.92, 3.67, 3.54 and 3.40 cm,
respectively when compared to the control. MeOH crude extract from Ch.
cupreum CCO3 at the concentrations of 10, 50, 100, 500 and 1000 pg/ml gave
significantly different in colony diameter of F. oxysporum f. sp. lycopersici
NKSCO02which were 4.47, 4.12, 3.74, 3.54 and 3.25 cm, respectively when
compared to the control (Table 1 and 2).
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Table 1. Effect of crude extracts from antagonistic fungi on mycelia growth of
Fusarium oxysporum f.sp. lycopersici NKSCO02

Crude extracts Colony diameter (cm) of Fusarium oxysporum fsp. lycopersici at
each concentration (ug/ml))
0 10 50 100 500 1000
C. brasilense
Hexane 5a’ 3.67b 3.19¢ 2.67f 2.37g 1.94h
EtOAc Sa 3.05¢cd 2.92de 2.64f 227g 2.22¢g
MeOH Sa 3.67b 3.50b 2.97de 2.77ef 2.22g
C. cupreum
Hexane Sa 5.00a 4.87a 4.47b 4.45b 4.12b
EtOAc 5a 5.00a 3.92d 3.67ef 3.54f 3.40g
MeOH 5a 447b 4.12¢ 3.74e 3.54f 325h

Average of four replications. Means followed by the same letters in each antagonist were not
significantly different by DMRT at P=0.01.

Table 2. Effect of crude extracts from antagonistic fungi for percentage of
colony inhibition growth of Fusarium oxysporum f.sp. lycopersici NKSCO02

Crude extracts of Colony inhibition of Fusarium oxysporum Lsp. lycopersici (%)
10 50 100 500 1000

C. brasilense

Hexane 2658  36.0f 46.5¢ 52.5b 61.0a

EtOAc 39.0ef 46.0cd 47.0c 54.5b 55.5b

MeOH 265g 300¢g 40.5def  44.5cde 55.5b

C. cupreum o

Hexane 0.0h 2.5h 10.5g 11.0g 17.5f

EtOAc 0.0h 215e 26.5¢cd 29.0 be 320ab

MeOH 105g 175f 25.0d 310b 350 a

'Average of four replications. Means followed by the same letters in each antagonist were not
significantly different by DMRT at P=0.01

Hexane crude extract from Ch. brasilense CBO1 at the concentrations of
10, 50, 100, 500 and 1000 pg/ml gave significantly different in spore
production of F. oxysporum f. sp. lycopersici NKSCO02which were 21.5 x107,
15.93 x107, 14.0 x10” and 2.16 x 10 spore/ml, respectively.when compared to
the control (0 pg/ml) of 35.78 x10’ spore/ml. EtOAc crude extract from Ch.
brasilense CBO1 at the concentrations of 10, 50, 100, 500 and 1000 pg/ml gave
significantly different in spore groduction of F. oxysporum f. sp. lfvcopersici
NKSCO02which were 26.71 x107, 19.61 x107, 11.48 x107, 535 x10” and 4.40
x107 spore/ml, respectively when compared to the control (0 pg/ml) of 36.24
x107 cm. MeOH crude extract from Ch. brasilense CBO1 at the concentrations
of 10, 50, 100, 500 and 1000 pg/ml gave significantly different in spore

production of F. oxysporum f. sp. lycopersici NKSC02which were 11.83 x10’,
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9.84 x107, 8.52 x107, 428 x10” and 1.07 x107 spore/ml, respectively when
compared to the control (0 pg/ml) of 35.72 x107 spore/ml. Hexane crude
extract from Ch. cupreum CCO3 at the concentrations of 10, 50, 100, 500 and
1000 pg/ml gave significantly different in spore production of F. oxysporum f.
sp. lycopersici NKSC02which were 15.93 x107, 8.64 x107, 6.82 x107, 5.94 x107
and 3.18 x107 spore/ml, respectively when compared to the control (0 pg/ml)
of 39.50 x107 spore/ml. EtOAc crude extract from Ch. cupreum CC03 at the
concentrations of 10, 50, 100, 500 and 1000 pg/ml gave significantly different
in spore production of F. oxysporum f. sp. lycopersici NKSCO02which were
14.43 x107, 8.87 x107, 7.68 x10, 4.48 x10’and 2.40 x107 spore/ml, respectively
when compared to the control. MeOH crude extract from Ch. cupreum CCO03 at
the concentrations of 10, 50, 100, 500 and 1000 pg/ml gave significantly
different in spore production of F. oxysporum f. sp. l7ycopersici NKSCO02which
were 13.93 x107, 8.43 x10, 6.16 x107, 2.86 x10’and 1.07 x10” spore/ml,
respectively when compared to the control (Table 3).

Table 3. Effect of crude extracts from antagonistic fungi against conidia
production of Fusarium oxysporum f.sp. lycopersici NKSCO02

Crude extracts of Number of conidia(x10") of Fusarium oxysporum {sp. lycopersici at
each concentration (pg/ml)

0 10 50 100 500 1000
C. brasilense
Hexane 35.78a' - 21.5lc 15.93d 14.50d 4.10gh 2.16hi
EtOAc 3624a 26.71b 19.61c 11.48e 535g 4.40gh
MeOH 35.72a 11.83e 9.84ef 8.52f 428gh 1.07i
C. cupreum
Hexane 39.50b 15.93d 8.64fg 6.82hi 594i 3.18k
EtOAc 3847c 14.43e 8.87f 7.68gh 4 48j 2.40k
MeOH 41.00a 13.93¢ 8.431g 6.16i 2.86k 1.071

"Average of four replications. Means followed by the same letters in each antagonist were not
significantly different by DMRT at P=0.01.

It revealed that crude extract at 1000 pg/ml from MeOH of Ch. brasilense
CBO1 gave significantly better inhibited spore production of F. oxysporum f.sp.
lycopersici as 96.98 % better than crude extracts from EtOAc and MeOH
which were 55.50 %. Crude extract at 1000 pg/ml from MeOH of Ch. cupreum
CCO03gave significantly better inhibited spore production of F. oxysporum f.sp.
lycopersici as 97.37 % better than crude extracts from hexane and EtOAc
which were 93.75 and 91.92 %, respectively. It is indicated that crude extracts
from hexane, EtOAc and MeOH from Ch. brasilense CBO1 inhibited Fusarium
oxysporum f.sp. lycopersici race 2 at the EDso of 29.87, 38.99 and 2.99 pg/ml,
respectively (Table 4). Crude extracts from hexane, EtOAc and MeOH from
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Ch. cupreum CCQ3 inhibited Fusarium oxysporum f.sp. lycopersici race 2 at the
EDsp0f2.33, 2.38 and 2.65 pg/ml, respectively (Table 4).

Table 4. Effect of crude extracts from antagonistic fungi for percentage of
conidia inhibition of Fusarium oxysporum f.sp. lycopersici NKSCO02

Crude extracts Conidia inhibition of Fusarium oxysporum f.sp. lycopersici (%)

10 50 100 500 1000 EDs, pg/ml
C. brasilense
Hexane 39.83k'  5544i 5947h  88.53¢ 93.95b 29.87
EtOAc 33.171 45.88j 6829g  8522d 87.85¢ 38.99
MeOH 6687g 7238f 76.09¢  87.98c 96.98a 299
C. cupreum
Hexane 59.64j 7823g  8271de 8438de 91.92b 233
EtOAc 62 .46i 7692g  82.17¢f 8834c 93.75b 238
MeOH 6599h  7941fg 8549d 93.13b 97.37a 2.65

'Average of four replications. Means followed by the same letters in each antagonist were not
significantly different by DMRT at P=0.01.

Discussion

The antagonistic fungi Ch. brasilense CB01 and Ch. cupreum CCO03,
were proved to antagonize F. oxysporum f.sp. lycopersici NKSCO2 race 2
causing wilt to tomato var. Sida and Cherry. The antagonism test demonstrated
the antagonistic activity of Ch. brasilense CBO1 and Ch. cupreum CCO03, to
inhibit the conidial production of F. oxysporum f. sp. Iycopersici NKSC02
between 63 — 77 %. Similar result was in accordance with the study from
Charoenpoen et al. (2010) reported that Chaetomium Ilucknowense CLT
significantly inhibited the mycelia growth and conidial production of F.
oxysporum {. sp. lycopersici as 88.89 and 92.54 %, respectively. Furthermore,
Sibounnavong et al. (2009) reported crude extacrts of Emericella nidulans
strongly inhibited colonial growth and sporulation of F. oxysporum f. sp.
lycopersici. Crude extracts of Ch. Brasilense CBO01 and Ch. cupreum CC03
were confirmed for antifungal activity against of F. oxysporum f. sp. lycopersici
NKSCO02 race 2. The other control mechanism of Ch. brasilense CBO1 and Ch.
cupreum CCO3 involved in releasing antibiotic substances to inhibit F.
oxysporum f. sp. lycopersici. All tested crude extracts of Ch. brasilense CB01
and Ch. cupreum CCO03 were significantly inhibited conidia production of F.
oxysporum f. sp. lycopersici. This result was similar to the report of
Charoenpoen et al. (2010) who stated that crude hexane, crude ethyl acetate and
crude methanol from Ch. lucknowense CLT inhibited F. oxysporum f. sp.
lycopersici NKSCO1 with the EDsy of 188, 209 and 212 pg/ml while in this
study, crude extracts from methanol, ethyl acetate and hexane Ch. brasilense
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CBO1 inhibited the conidial production of different isolate of F. oxysporum f.
sp. lycopersici NKSCO2 race 2 with the EDso of 29.87, 38.99 and 2.99 pg/ml,
respectively and crude extracts from methanol, ethyl acetate and hexane Ch.
cupreum CCO3 inhibited the conidial production of different isolate of F.
oxysporum f. sp. lycopersici NKSCO02 race2 with the EDsy of 2.33, 2.38 and
2.65 pug/ml. Similar results were also reported by Srinon et al. (2006) and
Sibounnavong et al. (2009) who stated that crude hexane, ethyl acetate and
methanol extracts from E. nidulans inhibited the colony and sporulation of F.
oxysporum f. sp. lycopersici. Moreover, Soytong et al. (2005) reported that
crude ethyl acetate extract of Ch. globosum CG at 1000 pg/ml inhibited conidia
production of this pathogen. As a result, Sibounnavong et al. (2009) reported
that methanol crude extract from E. nidulans gave the highest inhibition of F.
oxysporum f. sp. lycopersici. It is explained that ethyl acetate crude extract
from E. rugulosa might have different fungal mrtabolites from methanol crude
extract of E. nidulans as reported by Moosophon et al. (2006).

It concluded that Ch. cupreum CCO3 can be produced some metabolites
to inhibit F. oxysporum f. sp. lycopersici race 2 which Kanokmedhakul et al.
(2006) found antifungal azaphilones from Ch. cupreum CC3003 effectively
inhibited some human pathogens. Moreover, in this study Ch. brasilense CBO1
proved to produce antifungal metabolites against F. oxysporum f. sp.
lycopersici race 2 cause tomato wilt which it is the same isolate of reported Ch.
brasilense CBO1 by Khumkomkhet et al. (2009) found four new depsidones,
mollicellins K-N which exhibited antimalarial activity against Plasmodium
falcipurum and mollicellin K exhibited antmycobacterial activity against
Mycobacterium tuberculosis and antifungal activity against Candida albicans
and some cancer cell lines. The result of research finding would extend for
testing to cotrol tomato wilt in the fields and further study would convey to
apply these bioactive compounds as microbial elicitors to induce plant
immunity.
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