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Abstract

The study of arbuscular mycorrhizal (AM) fungus community structure in roots
and rhizosphere soils of A. crassna and T. grandis from plantations in Thailand was
investigated by terminal restriction fragment length polymorphism complemented with
clone libraries. This study revealed that AM fungal community composition in A. crassna
and T. grandis were similar. A total of 38 distinct terminal restriction fragments (TRFs)
were found, 31 of which were shared between A. crassna and T. grandis. The TRFs
were attributed to Claroideoglomeraceae, Diversisporaceae, Gigasporaceae and
Glomeraceae. The Glomeraceae were found to be common in all study sites. Specific
AM taxa in roots and soils of T. grandis and A. crassna was not affected by host plant
species and sample source (root vs. soil) but affected by collecting site. The AM fungal
inoculation with A. crassna and T. grandis, T. grandis plantlets had the best growth
response to AM fungal spore inoculation than uninoculated plantlets. Tectona grandis
plantlets inoculated with Claroideoglomus etunicatum PBTO03 had highest height
followed by C. etunicatum NNT10, Entrophospora colombiana and uninoculated
plantlets, respectively. There were no significant differences in the number of leaf and
width of leaf among the treatments. In A. crassna, there was no significant difference in
height, number of leaf, and wideness of leaf between inoculated and uninoculated
plantlets. Tectona grandis plantlets inoculated with Funneliformis mosseae RYA08 had
highest plant height follow by G. intraradices, C. etunicatum NNT10, C. etunicatum
PBT03, and uninoculated plant, respectively. Inoculation with G. intraradices was
affected on shoot wet weight but gave low shoot dry weight inferior to F. mosseae
RYAQ8. There was no significant different of the number of leave and root wet weight
between inoculated and uninoculated plantlets. AM fungal spores were propagated
using different culture materials and host plants. Results indicated that root colonization
and number of spores of each AM fungus isolate were affected by host plant and
substrate. Total AM fungal spores and percentage of root length colonized were highest
when cultured with Z. mays (3,690 spores 100 cm_3 and 65% root length colonized)
and when vermiculite was used as diluent (3,612 spores 100 cm_3 and 63% root length
colonized). Inocula produced in the first experiment were used to evaluate the efficiency
of locally-available leaf litter compost as a component of media for on—farm inoculum
production. The results showed that spore production with Z. mays in leaf litter compost
mixed with vermiculite was considerably higher than that with other host plants. For in

vitro production, germination percentages of most spore species tend to be higher in



MSR medium measuring from hyphal length of individual germinated spore and
percentage of spore germination. Glomus intraradices and F. mosseae RYA08 hyphae
were spreaded throughout the Petri plates and produced new spores successfully after
14 and 24 days of inoculation, respectively.

Arbuscular mycorrhizal (AM) fungi associate with roots of plants and increase
growth of the host plants. Tea oil camellia (Camellia oleifera Abel.) is a new economic
plant from China that imported to grow in Thailand. Oil from seeds of Tea oil camellia is
high quality. This research was aimed (1) to study diversity of AM fungi in the root
zones of Tea oil camellia that grown in Chiang Mai and Chiang Rai provinces, and (2)
to study the effects of AM fungi and plant pesticides on the growth of Tea oil camellia.
Results of this research showed that percentage of AM colonization in roots of Tea oil
camellia was about 57-77% and spore densities of AM fungi in the root zones of Tea oll
camellia was about 9-19 spores/soil 1 g. Diversity of AM fungi associated with Tea oil
camellia was found 24 species. Septoglomus constrictum, Claroideoglomus Iluteum,
Acaulospora laevis and Rhizophagus fasciculatus were dominant species that found in
every soil samples. For the effects of AM fungi and plant pesticides on the growth of the
host plant, it was found that Tea oil camellia with AM fungi had significantly higher dry
weight and nutrient contents in the plants than the plants without AM fungi. Plant
pesticides did not have effect on the growth of Tea oil camellia. Metalaxyl fungicide had
the effect on decreasing of percentage of AM colonization in the roots of Tea oll
camellia.

The 57 samples of ectomycorrhizal (ECM) fungi and 25 samples of saprotophic
fungi were collected in northern Thailand for the isotopic comparison experiment. New
spices of ECM fungus, Scleroderma suthepense was found and Morganella
purpurascens was a new report in Thailand. The stable carbon and nitrogen
comparisons separated fungal samples into two groups such as ECM fungi and
saprotrophic fungi. Pure cultures of Astraeus odoratus, Phlebopus portentosus,
Pisolithus albus and Scleroderma sinnamariense were isolated from each sporocarp.
Moreover, the in vitro abilities of selected fungi to produce indole-3-acetic acid (IAA), to
solubilize different toxic metal (Co, Cd, Cu, Pb, Zn)-containing isoluble minerals, and
metal tolerance were investigated. The result indicated that all fungi were able to
produce IAA in liquid medium and fungal IAA could simulate coleoptile elongation, and
increase seed germination and root length of tested plant. The highest IAA vyield

(65.29£1.17 ug/ml) was obtained from P. portentosus after 40 days of cultivation in



ligiud medium supplemented with 4 mg/ml of L-tryptophan. All selected fungi could
solubilize insoluble metal containing minerals which varied for different minerals and
fungal species. The solubilization and tolerance indexes decreased when the
concentration of metal minerals increased. Astraeus odoratus showed the lowest
tolerance to metals.

Four hundred and twenty-nine endophytic fungi were isolated from medicinal plant
and Cucurbitaceae plant in Phayao. These endophytes were in vitro tested for against
Fusarium wilt of cantaloupe caused by F. oxysporum using dual culture method.
Fusarium solani (EU), F. solani (DU) and F. solani (MY) showed the highest percent
inhibition (82.33, 81.37 and 81.37 respectively). Effect of this three endophytes were
also test for enhance growth and control Fusarium wilt in greenhouse. The results
showed that, cantaloupe that inoculated with three endophytes had high growth than
control (branch number, leaf number, weight plant and fruit weight) and also gave the
highest total soluble solids (TSS) and showed the highest tolerance to infection with F.
oxysporum, while, in the field was not significantly different.

An importance problem of the oil palm plantation in Southeast Asia is the
infection of basal stem rot (BSR) disease caused by Ganoderma boninense, the major
disease resulted in yield loss and killing more than 80% of all palms in severe cases.
The field control of BSR by contact chemicals has not been very successful. Therefore,
this study will apply the biological knowledge to support the use of agricultural
biotechnology product. To screen the potential rhizosphere actinomycetes and
endophytic fungi from oil palm to be used as plant growth promoter and biological
control in plant. Endophytic fungi as Xylaria, Phomopsis, Colletotrichum and Muscodor
are the major genus isolated from oil palm leaves. Ten isolates of Muscodor sp. showed
volatiles inhibitory potential as a biocontrol agent base on the percentage inhibition of
radial growth of fungi pathogen more than 90%. Volatile compounds analysis showed
that 2-methylpropanoic acid was the main volatile produced by Muscodor spp. Two
hundred and twenty-six actinomycete strains were isolated and screened for
suppressive the mycelia growth of G. boninense. Six antagonistic actinomycetes (AB21,
AB24, AB83, AB168, AB204 and AB225) showed percentage inhibition of pathogen
radial growth more than 80%. All 6 isolates were identified as Streptomyces
yunnanensis AB21, S. corchorusii AB24, S. sioyaensis AB83, S. iranensis AB168 and
two novel species, Streptomyces sp. AB204 and Streptomyces sp. AB225. Minimal

inhibitory concentrations (MICs) of crude extracted from actinomycetes were



determined, crude extract of Streptomyces sp. AB21 and Streptomyces sp. show the
lowest MICs values which less than nystatin concentrations. Moreover, the plant growth
promote activity were studied. Volatile compounds produced from Streptomyces sp.
AB21 induced the growth of Arabidopsis thaliana col-0. The exposed plants with
volatiles had larger leaf size, overall shoot and root size. The most abundant volatile
compounds of Streptomyces sp. AB21 were 2-Methyl-2-bornene and 1,3,2-
Dioxaborolane, 4,4-dimethyl-5-oxo-, 2-ethyl at 15.57% and 15.05% of all compounds,
respectively.

Endophytic fungi are group of fungi that live within plant tissues without
asymptomatic diseases. These fungi are known to produce important secondary
metabolites especially indole-3-acetic acid (IAA). Indole-3-acetic acid is the most active
auxin that can stimulate cell elongation, cell division, cell differentiation and root
initiation in plants. The IAA produced by endophytic fungi is one of an alternative plant
hormone for promoting the growth of economic plants. In this study, one hundred fifteen
endophytic fungi were isolated from Coffea arabica and Coffea canephora. The ability of
IAA production of endophytic fungi was investigated by colorimetric assay. The results
revealed that, ninety four isolates could produce IAA and the highest IAA Yyield
(1205.58+151.89 ug ml_1) was obtained from fungal isolate A109 when cultivated in
PDB medium supplemented with 8 mg mI'1 L-tryptophan after 26 days at 30°C in the
dark. In addition, the efficiency of fungal IAA as a plant growth promoting compound
was examined by using biological assay. The results indicated that IAA produced by
fungal isolate A109 had a potential to stimulate the elongations of rice (Oryza sativa L.),
corn (Zea mays) and rye (Secale cereal L.) coleoptiles corresponded to a commercial
IAA standard. The morphological characteristic and phylogenetic tree of isolate A109
was analyzed. The isolate A109 was revealed to be Colletotrichum gloeosporioides.

A total 289 isolates of endophytic fungi was isolated from 14 plant samples.
Isolate AL1T1 and AL1T2 from Aloe vera L. could produce antibiotic compounds against
the pathogenic fungi causing rubber tree disease. The antimicrobial activity of isolate
AL1T1 and AL1T2 was highest against Phellinus noxius and Fusarium oxysporum f. sp.
vasinfectum, respectively. The crude extract of isolate AL1T1 and AL1T2 showed
significant antifungal activity against P. noxius and F. oxysporum f. sp. vasinfectum with
MIC about 0.31 mg/ml and 0.16 mg/ml, respectively. Four isolates of volatile-producing
endophytic fungi were isolated from leaves of rubber tree (Hevea brasiliensis Miill.Arg.)

All isolates could produce volatile metabolites with apparent antimicrobial activity against



diverse test microbes (bacteria, yeast and filamentous fungi). An isolate, RTM5IV3, with
<86% similarity with the partial ITS-5.8S rDNA gene compared to other species of the
genus Muscodor, was proposed as a novel species with the name, Muscodor heveae
sp. nov. lts bioactive volatile metabolites included 3-methylbutan-1-ol as a major
component, followed by 3-methylbutyl acetate and azulene derivatives. The volatile
organic compounds (VOCs) produced by M. heveae were active against the pathogenic
fungi Rigidoporus microporus causing root disease of rubber tree in vivo.

Citrus canker is caused by Xanthomonas citri pv. citri. Using of chemical
pesticides to control plant diseases is harmful to consumers. Objective of this research
was aimed to study endophytic microorganisms from citrus plants that could inhibit X.
citri pv. citri. The endophytic microorganisms were isolated from 6 species of citrus
plants such as lime (Citrus aurantiifolia), kaffir lime (C. hystrix), pomelo (C. maxima),
sweet orange (C. sinensis), neck orange (C. nobilis) and tangerine (C. reticulata). Three
hundred fifteen endophytic microorganisms were isolated from the citrus plants. They
were composed of fungi 65 isolates (20.63%), actinomycetes 80 isolates (25.40%) and
bacteria 170 isolates (53.97%). The selected effective microorganisms that could inhibit
the growth of X. citri pv. citri were fungi in the isolates of Pestalotiopsis TA 18, Fusarium
SO 21 and Fusarium PO 55. The selected actinomycetes were Streptomyces in the
isolates of NO 37, NO 42 and NO 43. The selected effective bacteria were Bacillus LE
24, PO 80 and PO 109. Optimal culture media were investigated for the selected
microorganisms to produce bioactive compounds for inhibition the growth of X. citri pv.
citri. The results showed that all of the selected fungi cultured in potato dextrose broth
(PDB), the selected Streptomyces cultured in modified soluble starch broth (MSSB) and
glucose soybean broth (GSB), and the selected Bacillus LE 24 cultured in MSSB,
Bacillus PO 80 and Bacillus PO 109 cultured in yeast extract peptone dextrose broth
(YEPDB) could produce the highest bioactive compounds. The cultural microorganisms
and the crude extracts of bioactive compounds in the cultural media of the selected
microorganisms were determined for inhibition of lime canker in green house. It was
found that both of the cultural microorganisms and the crude extracts could control
canker disease in lime.

Endophytic microbial isolated from wild rice, cultivated rice, weed, Corcyra
cephalonica and Martinus dermestoides was investigated the potential in inhibition of
some phytopathogens. One hundred and ten microbial isolates were cultivated in potato

dextrose broth (PDB) and F1 at room temperature (27-30 °C) for 14 days. The cultures



were harvested by filtration. Culture broths were extracted by equal volume of ethyl
acetate for three times and dried by rotary evaporator. Crude extracts were weight and
dissolved in methanol and examined the growth inhibition of 9 phytopathogens
(Xanthomonas oryzae XPK1, X. oryzae XPK3, Cercospora oryzae BS124, Curvularia
lunata PKC2, Fusarium sp. PKF1, Pyricularia oryzae BS265, P. oryzae BS306, P.
oryzae BS308 and Rhizoctonia sp. PKR) using agar diffusion method. Crude extract of
endophytic fungus 3N5 cultured in PDB greatest inhibited the mycelial growth of C.
oryzae BS124 with 43.2+1.0%, while crude extract of endophytic fungus 3S1 cultured in
PDB and F1 showed greatest inhibition of X. oryzae XKP1 with inhibition zone diameter
20.5£1.3 mm and 23.751£2.50 mm, respectively. These two endophytic fungi were then
selected for investigating of minimal inhibitory concentration (MIC). The MIC of the
extract of these fungal strains that prevented growth of C. oryzae BS124 and X. oryzae
XKP1 were 2 mg/ml and 0.075 mg/ml, respectively. After identification by morphological
characteristics and nucleotides (5.8S-ITS 16S and 28S rRNA), 3N5 and 3S1 are
belonging to Gaeumannomyces and Sarocladium, respectively. Gaeumannomyces
oryzae was accommodated as novel endophytic fungus from wild rice, Oryza rufipogon.

Nitrogen fixing endophytic bacteria; Klebsiella variicola SS-2, Burkholderia
kururiensis SS-5 and Sphingomonas sp. PS-5 were isolated from Thai local rices strain
Oryza sativa that are a plant growth promoting bacterium. Three bacterial strains were
marked with the gus A gene and fluorescent protein gene (GFP: Green Florescent
Protein gene; DsRed: Red Fluorescent protein gene) for observed colonization in rice
as a host plant and 5 other non- host plants, including corn, sorghum, sesame, soybean
and sugarcane seedlings. The result showed that Klebsiella variicola SS-2, Burkholderia
kururiensis SS-5 and Sphingomonas sp. PS-5 could colonize in epidermis, cortex and
vascular tissue of root and stem of rice. The colonization in corn and sugarcane showed
the same with rice. However, few bacterial population was observed in sorghum,
soybean and sesame and colonized in some region. The nitrogen fixing gene
expression was studied in rice and found that the gene expression was clearly
expressed in conditions without nitrogen source as well as with nitrogen. The best of
nifH gene expression was root's rice region in all 3 bacteria. The expression in non-host
plant of nifH gene in corn root was studied by Sphingomonas sp. PS-5 found that
nitrogen fixing gene expression showed less than 16S rRNA gene at 14 days after
cultivation. So, endophytic diazothrophic bacteria are an interesting and were developed

to promote plant growth and use as fertilizer plant.



The efficiency of actinomycetes was screened and studies of antagonistic
activities of Fusarium sp. and F. moniliforme were tested by dual culture method. The
result showed that six isolates were able to inhibit the growth of fungi more than
seventy percent. This study found that actinomycetes isolate RH1-5-22 was high
effectiveness in antagonistic activities. Furthermore, six isolates were able to produce
degrading enzyme cellulase and plant growth promoters (IAA, siderophore and
phosphate solubilization). The efficacy of controlling disease was assessment by blotter
method. The result showed the rice seed (KDML 105) were soaked in spore suspension
of actinomycetes isolate RH1-5-22 reduced the incidence of bakanae disease. This
study proposed that the actinomycetes isolate RH1-5-22 has a challenge to be used in
biological control.

Potassium is the major essential macronutrient that plays an important role in
the growth, metabolism and development of plants. Potassium in the soil that useful to
plant are originates from the decay of many types of rocks and minerals. More than
90% of potassium is in the form which plant cannot absorb. Therefore, to increase
decay of potassium compound to potassium ion (K+). The organic weathering using
microorganisms is good process that economical and the fastest mechanism. In this
study, microbial isolates were obtained from rhizosphere soil on modified Aleksandrov
medium containing feldspar and kaolin as potassium source. Thirty three isolates,
among 79 cultures tested, showed significant potassium solubilization on minerals
powder supplemented plates. Aspergillus brasiliensis SC301-1 effective in dissolving the
potassium bearing-minerals. Maximum potassium solubilization was observed on A.
brasiliensis SC301-1 in KCl as potassium source and glucose or sucrose as carbon
sources. Potassium solubilization was found more when the fungus A. brasiliensis
SC301-1 were grown as well in Czapek yeast extract agar with medium pH at 30°C
when incubated for 5 days. These results suggested that the environmental conditions
could be optimized for growth of potassium solubilizing microorganisms and these
cultures could be exploited for plant growth improvement under field conditions.

Rice (Oryza sativa L.) is an important food crop in Thailand. However, rice blast
and bacterial leaf blight diseases affect to rice production causing economic losses.
This research aim to select actinobacteria that can solubilize tricalcium phosphate
(Caz(PO,), and produce secondary metabolites to inhibit Pyricularia oryzae BS265
causing rice blast disease and Xanthomonas oryzae XPK1 causing bacterial leaf blight

disease. In this study, 110 rhizosphere actinobacteria were isolated from 15 rhizosphere



soil samples. All of actinobacteria were tested for phosphate solubilizing on
Pikovskaya’'s agar. The result showed that actinobacteria strain CMU-S3 showed the
highest clear zone of phosphate solubilization (22.8 mm) and oxalic acid was produced
as 1.91 £ 0.14 mg./200 mg Crude and tartaric acid was 14.04 + 0.61 mg./ 200 mg
Crude. In addition, those actinobacteria were tested for antifungal activity against
Pyricularia oryzae BS265. The actinobacteria CMU-PW4 showed 100% inhibition of the
radial growth (PIRG) on potato dextrose agar for 14 days. Then, isolated rhizosphere
actinobacteria were tested for antibacterial activity against Xanthomonas oryzae XPK1.
The actinobacteria CMU-S1 showed inhibition (100%) on nutrient agar. Actinobacteria
CMU-S3, CMU-PW4 and CMU-S1 were preliminary identified based on morphological
characteristics and all three isolates were classified to genus Streptomyces. Therefore,
Streptomyces sp. strain CMU-S3 CMU-PW4 and CMU-S1 could be used as biological

control of plant disease and rice growth promoting by phosphate solubilization.
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