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ABSTRACT 

 
        Colletotrichum gloeosporioides causes anthracnose disease of orchids, resulting 
in quality loss and yield loss. The aims of this study were to isolate the microbial 
antagonist from orchids and soil and evaluate its potential for growth inhibition of 
Colletotrichum gloeosporioides.  A total of 201 bacterial isolates and 146 
actinomycete isolates were collected.  From antagonistic activity assay, isolate NO. 
SR14 and NBR46 showed high antifungal activity against C.gloeosporioides.  Both 
SR14 and NBR46 were identified by 16s rDNA sequencing analysis. SR14 and 
NBR46 were identified as Steptomyces sp. and Pantoea sp., respectively.  
Unfortunately, Pantoea sp. is phytopathogenic bacteria, thus, this isolate was not 
selected for further study.  Cell free culture filtrates of S. hygroscopicus SRA14 
inhibited the growth of C. gloeosporioides. The percentage of growth inhibition by the 
stationary culture filtrate was significantly higher than that of exponential culture 
filtrate. Additionally, morphological changes such as hyphal swelling and abnormal 
shapes were observed in fungi grown on potato dextrose agar that contained the 
culture filtrates. Culture filtrates were used for biocontrol of anthracnose disease in 
orchids. The results found that application of culture filtrates was able to prevent the 
expression of anthracnose disease in orchids, indicating that disease inhibition was due 
to antifungal metabolites in the culture filtrates. No significant prevention of 
anthracnose disease development was observed in the stationary culture filtrate and 
mancozab-treated leaves. Present data suggest the stationary culture filtrate of 
Steptomyces sp. SRA14 can be use as biofungicide for control of anthracnose disease 
in Dendrobium orchids. 
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                          HYGROSCOPICUS / ANTAGONISM / DENDROBIUM 
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บทคัดยอ 
 

 Colletotrichum gloeosporioides เปนสาเหตุของโรคแอนแทรคโนสในกลวยไมซึ่งเปนเหตุใหเกิดการ
สูญเสียคุณภาพและปริมาณผลผลิต ดังนั้นงานวิจัยนี้จึงเปนการคัดแยกจุลินทรยีจากกลวยไมและดินบริเวณรอบ
รากพืชแปลงกลวยไมและนํามาศึกษาความสามารถของจุลินทรียในการยับยั้งการเจริญของ Colletotrichum 
gloeosporioides  จากการศึกษา สามารถคัดแยกแบคทีเรียและแอคติโนมยัซีทได 201 และ 146 ไอโซเลท 
ตามลําดับ โดยจุลินทรยีไอโซเลท SRA14 และ NBR46 มีประสิทฺภาพดีทีสุ่ดในการยับยั้งการเจรญิของเชื้อรา 
C.gloeosporioides.และเมื่อนํามาจําแนกสายพันธุโดยใชวิธีการหาลําดับเบส 16s rDNA พบวาจุลินทรียไอโซเลท  
SRA14 และ NBR46  เปน Steptomyces sp. และ Pantoea sp. ตามลําดับ แตมีรายงานวา  Pantoea sp. เปนแบคทีเรีย
กอโรคพืช จึงไมนําไอโซเลท  NBR46 มาทําการศึกษาตอ  เมื่อนําน้ําเลี้ยงเชื้อของ Steptomyces sp. SRA14 มา
ทดสอบประสิทธิภาพในการยบัยั้ง C. gloeosporioides.พบวา เปอรเซ็นตการยับยั้งเชื้อรา C. gloeosporioides ของ
น้ําเลี้ยงเชื้อที่เก็บจากชวง stationary  มีประสิทธิภาพดีกวาชวง exponential อยางมีนัยสําคัญทางสถิติ  เมื่อนํามา
สังเกตุการเปลี่ยนแปลงของเสนใยเชื้อราภายใตกลองจุลทรรศน โดยการนํามาเลี้ยงบน PDA ที่ผสมกับน้ําเลี้ยงเชื้อ  
พบวา  เสยใย ของ C. gloeosporioides แตก  บวม และเสนใย ขมวดเปนปม จากนั้นนาํน้ําเลี้ยงเชื้อมาทดสอบ
ประสิทธิภาพในการปองกันโรคแอนแทรคโนสกับกลวยไมในสภาพแปลงปลูก ผลการศึกษาพบวา น้ําเลี้ยงเชือ้
ในชวง stationary สามารถยับยั้งการเกิดโรคแอนแทรคโนสของ C. gloeosporioides ไดโดยในชวง stationary 
สามารถยับยั้งการกอโรคของ C. gloeosporioides ไดไมแตกตางกับการใชสารเคมีแมนโคเซ็บอยางมีนัยสําคัญ 
เนื่องจากในชวง stationary เชื้อ Steptomyces sp. SRA14 ไดมีการสรางสาร metabolite ซึ่งมีฤทธิ์ในการยับยั้งเชื้อรา 
C. gloeosporioides  และเชื้อ Steptomyces sp. SRA14 สามารถนํามาใชแทนสารเคมีในการควบคุมโรคแอนแทรค
โนสได 
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CHAPTER I 

INTRODUCTION 

 

 

1.1  Background Justification 
 

         Orchid is an important economic plant in many countries, including Thailand. 

Orchids are exported both flowering-potted plants and cut-flower about 132,403.87 

ton. The annual total value was 3,011 million bath.  Dendrobium is the most popular 

and highly valued orchid in the market. The export of Dendrobium accounted for 80% 

of the total orchid cut-flower. There are about 11,876.71 acre of orchid plantation in 

Thailand. The important cultivation areas are in Nakornpathom, Ractchaburi, 

Samutsakorn and Bangkok provinces (1). 

         However, orchid cultivation has many problems. Several plant diseases caused 

by phytopathogenic fungi lead to impact on both quality and quantity of Thai orchid 

production and resulted in profit loss (2). 

         Plant pathogen is the most important factor to reducing marketable yields of 

orchids. The filamentous fungal plant pathogen, Colletotrichum gloeosporioides,  

causes anthracnose disease in orchids. This disease is one of the most common disease 

of foliage plants and can affect many different plants growing in both temperate and 

tropical environment (3).  The anthracnose symptoms in orchids include the 

appearance of disease spots with oval shapes on the surfaces of leaves.  The spots will 

grow from small to large and from yellow to black.  This disease is widely 

disseminated in the high humidity with lack of air circulation because fungal spores 

are easily to spread and infect to other leaves nearby. Leaves which have been stressed 

or injured by cold, sun or poor root systems are most susceptible to C.  

gloeosporioides infection (4).    

 The use of chemical compounds has failed to control plant diseases due to 

resistance, environment pollution and effect on human health. In addition, some 

fungicides may actually increase plant disease by inhibiting or killing antagonists or 
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beneficial microbes and also induce pathogens resistance. Due to these disadvantages 

of fungicide usage, the use of microorganisms for control the pathogen and promotion 

of plant growth and for plant growth promotion is becoming more common (5,6). 

The alternative way that replace the use of chemical in control the 

phytopathogenic fungi is biological control (biocontrol). Biocontrol can be defined as 

the reduction of the amount of inoculum or disease-producing activity of a pathogen 

accomplished by or through one or more organisms other than man (6).  Biocontrol 

often requires the introduction and establishment nature of a microorganism or group 

of microorganism in the indigenous microbial community on or near the plant surface.  

The mechanism of disease control must be appropriate to the plant, the pathogen, the 

site of activity, and the developmental stage of the target organism (7). The mode of 

action of the antagonistic microorganism is maybe one or more modes in control the 

phytopathogenic fungi  (8).   

Thus, this study was focused on the isolation and screening the potential 

antagonistic microorganisms, that could inhibit the growth of C. gloeosporioides, from 

orchid plant and soil. For greenhouse study, the potential antagonists were applied into 

Dendrobium sp. before infecting with C. gloeosporioides. The disease progression or 

anthracnose symptom appearance were observed compare to control. In addition, this 

application might provide an alternative in reducing or substituting of agricultural 

chemical uses, and minimizing of toxic contamination into the environment as well.    

 

1.2 Objectives of the Study 
 

The objectives of this study were as follows: 

            1.2.1  To isolate the bacteria and actinomycetes from orchids and soil. 

            1.2.2 To screen the high potential antagonistic microorganisms to inhibiting 

growth of  C. gloeosporioides on agar plates. 

            1.2.3 To study  the effects of selected potential antagonists on the growth, 

spore germination and mycelial morphology of C. gloeosporioides. 

            1.2.4 To evaluate the efficiency of selected potential antagonists to control  

anthracnose disease caused by C. gloeosporioides  on Dendrobium  sp. 
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1.3  Study Hypothesis 
 

 1.3.1 The selected antagonistic microorganisms could inhibit or retard the 

growth of  C. gloeosporioides on the agar plates.  

 1.3.2   The selected antagonistic microorganisms could produce extracellular 

substance as biofungicide that has the potential to inhibit the growth, and spore 

germination of C. gloeosporioides  as well as change in mycelial morphology. 

             1.3.3  The selected antagonistic microorganisms could effectively protect 

Dendrobium sp. from anthracnose disease caused by C. gloeosporioides  in the in vivo 

study. 

 

1.4  Scope of Works 
 

 In this study, C. gloeosporioides  caused anthracnose disease was obtained 

from Department of Agriculture, Ministry of Agriculture and Cooperative, Thailand.  

Antagonistic microorganisms were isolated from parts of orchids and rhizospere soils 

from orchid garden located in Nakornprathom, Nonthaburi and Ratchaburi provinces. 

Then, all isolated microorganisms were determined antagonistic activity against the 

growth of C. gloeosporioides on agar plates and selected for the high potential 

antagonists. The selected antagonists were investigated the efficiency to inhibit the 

growth and spore germination of C. gloeosporioides and the change of mycelial 

morphology in laboratory scale. For greenhouse study, the selected antagonists were 

applied on the surface of Dendrobium sp. and observed the symptom appearance or 

disease progression. 

 

1.5  Expected Outputs 
 

 The selected high potential antagonistic microorganism could be used as plant 

pathogen growth suppressor for anthracnose disease caused by C. gloeosporioides  on 

Dendrobium  sp. The antagonists could produce biofungicides that could inhibit the 

growth of C. gloeosporioides. It could be applied in orchid cultivation for reducing or 
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Orchid cultivation

Fungal diseases: 
anthracnose disease caused by C. gloeosporioides 

- Crop yield loss 
- Poor quantities 

Biological control Chemical control Benefit : 
- Environmental friendly 
- Save cost 
- Sustainable management Problem: 

- effect on human 
health 
- accumulate in 
environment 

Microbial antagonists

Isolation of antagonist 
from orchid and soil 

Screening of high potential antagonists against 
C. gloeosporioides 

In vitro study, efficiency of selected antagonists on 
C. gloeosporioides : 
- Submerged growth 
- Spore germination 
- Mycelial morphology 

In vivo study, efficiency of selected antagonists on the 
protection of Dendrobium sp. from anthracnose disease 
caused by C. gloeosporioides : 
- Symptom appearance 
                               

Apply to use selected antagonists in 
orchid cultivation 

Figure 1-1 Conceptual Framework 

substituting of agricultural chemical uses, and minimizing of toxic contamination into 

the environment as well. 

 

1.6 Conceptual Framework 
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CHAPTER II 

LITERATURE REVIEWS 

 

 

2.1 Orchid 
 

        The orchid family is the largest family of flowering plant.  It has been estimated 

that of the world’s flowering plants adapted to culture, in terms of total numbers, 1 in 

7 is an orchid (9).  The orchid family (the Orcidacese), contain over 800 genera and 

over 25,000 known species of monocotyledonous herbaceous perennial plants (10).  

The orchids found in nature grow wild on tree, rocks, in meadows or marshes and are 

generally divide into three group, e.g., terrestrial, epiphytes and saprophytes. 

Terrestrial orchids grow on the ground, with their fleshy roots in the soil and require 

uniform supply of water like ordinary plants.  Many of the cultivated orchids are 

epiphytic in habit.  Through ages of evolution, epiphytes grow on the trees, but they 

manufacture their own food from air and water, while the saprophytes are devoid of 

chlorophyll and grow on decayed organic matter (11).  The orchid is an extremely 

successful and prominent plant group found in every climate and type of habitat 

except the very driest desert and polar region. Orchids are particularly abundant in the 

tropics, with 2 main geographical centers of distribution in Central and South America 

and in Southeast Asia (9). 

 

        Orchid are also divided into monopodial and sympodial types (Figure 2-1).  In 

sympodial orchids, extension of the rhizome develops new growth and each new 

growth produces its own set of roots.  Plants of this group often have more than one 

stem.  The stems are generally thickened and bulbous and have earned the name 

pseudobulb, very useful device for storage of water and food which enable the plants 

to withstand drrought.  The growth of the shoot of is limited.  For flowering shoot, it 

terminates in a flower or in florescence, so that continued growth is possible only by 

the formation of laterally located axillary bud.  In the case of non-flowering shoots, 
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new axillary shoot arises from the laterally located bud (11,12).  In the monopodial 

orchids do not make separate new growth each season and do not have a rhizome.  The 

single stem increases in height throughout the life period.  New leaves appear during 

growth and the flowers appear from the axil of the leaves at the upper portion of the 

plants.  The leaves are arranged in two rows, one opposite the other, or the leaves of 

one row alternate with those of the other.  Aerial roots are produced from nodes.  In 

some species, the internodes are very short and the leaves appear crowded they are 

nearly always much longer than the width, embrace the stem at base, notched or 

unequally lobed at their apex . Aerides, Angraecum, Arachnis, Phalaenopsis, 

Rhynchostylis, Saccolabium, Vanda and allied genera are the examples of monopodial 

orchids (11). 

 

 

 

 

 

 

 

 

 

 

 

Figure 2-1  The two difference type of growth structures of orchid (13) 

 

        2.1.1  Botanical Information 

A. Pseudobulbs 

                The pseudobulbs are formed by the swelling and consolidation of the base of 

each new growth.  They are masses of firm tissues clothed in a stout, often very hard 

protective skin and they vary in size and form such as spiral- shaped pseudobulbs or 

elongated pseudobulbs (11). Pseudobulbs can be classified, regardless of shape, to be 

of homoblastic (many internode) or heteroblastic (single internode) type on basis of 

number of internodes forming the pseudobulb.  The pseudobulb of Dendrobium 
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crumenatum (Pigeon orchid) is an example of a homoblastic pseudobulb while the 

pseudobulb of Oncidium Goldiana is of the heteroblastic type (12). 

 

B. Flowers 

                Orchid flowers are zygomorphic (symmetrical about a single plane) in 

nature.  The size of the flowers can range from minute types to those up to 20 cm wide.  

Even within a genus, their size, shape and colour vary considerably although all 

orchids have the same basis structure (12).  The orchid flower has three sepals and 

three petals (11).  The sepals protect the flower in the bud, but become coloured and 

petal-like when the flower opens (14), unlike many non-orchid flowers where the 

sepals are green and leaf-like. The uppermost sepal is symmetrical and often larger 

than the other two lateral sepals.  The petals on either side of the flower are usually 

equal in size and shape, whereas the bottom one is formed into the shape of lip and 

known as the labellum.  The labellum in many orchids is modified to form a spur (a 

cone-like structure that protrudes towards the back of the flower) where nectar is 

produced (3). The major distinction of the orchid flower is the column, the single 

reproductive structure formed by a fusion of stamens and pistils that are separate in the 

flowers of the other families.  Though there are basically three stamens and three 

pistils, usually only the anther of one stamen remains functional, bearing its pollen at 

the tip of the column enclosing the pollinarium consists of pollinia (masses of pollen), 

viscidium (a sticky disc) and stripe (thin strip of tissue that connects the pollinia to the 

viscidium).  The stigmatic surface, the part of the column that receives the pollen, is 

just below it (12, 14). 

 

C. Fruits and Seeds 

                 The pollen of orchid cannot be dispersed by the wind and carried to the 

stigma to effect fertilization.  Pollination can be effected through man or insect by 

placing one or more pollinia on stigma of an orchid flower (11).  If pollination takes 

place, a seed pod forms that may require as long as 14 months to develop.  Usually 

about nine months will suffice, and the pod may have literally millions of seeds in it.  

The seeds are almost dust-like in size and are easily carried by wind and water for 

great distances.  The embrio of the orchid seed is so tiny and underdeveloped, in 
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comparisons with other types of seeds, that special conditions are necessary for its 

germination and growth.  Until the little ball of undifferentiated cells becomes green,  

forms a growing point and finally begins to develop tiny leaves, it must live in 

symbiotic association with a favorable fungus.  It is not surprising that from the many 

seeds produced in a pod only a few survive to grow to adulthood.  A process that may 

occur in a few months but with most species takes from six to twelve years (14). 

 

D. Leaves 

                The leaves of orchids are usually entire, fleshy, glabrous, leathery, parallel, 

veined, cylindrical, linear or lanceolate and with an outer coat of wax which resists 

drying.  The leaf pores are sunken in the pits which minimise the air movement 

through the openings (11).  Information on anatomy and morphology of orchid leaves 

are important for both horticultural and scientific practices.  Generally, orchid leaves 

can be divided into two types based on leaf thickness: Thin-leaved or thick-leaved.  

Both thin- and thick-leaved orchids lack stomata on the upper epidermis (12).   

 

E. Roots 

                The morphology of orchid roots is dependent on its habitat, either terrestrial 

or epiphytic.  Aerial roots of epiphytic orchids are often exposed and free hanging, or 

sometimes appressed to a supporting structure.  Conversely, roots of terrestrial orchids 

are usually hidden in the soil (12).  In the sympodial orchids, the root are normally 

produced from rhizome. The rhizome also plays a very important part in influencing 

the habit of the plant.  This is found only in sympodial types of orchid and is actually a 

primary stem, from which arises the secondary stems.  The rhizome is elongated and 

the psudobulbs are placed at a considerable distance from each other.  In general, the 

roots of orchids are cylindric, often threadlike, branched, and of varying length; some 

are furnished with numerous root hairs.  The roots of epiphytic orchids are very 

curious, they are covered by a whitish spongy and pulpy coat called velamen.  It 

protects the inner conductive channel of the root, absorbs water from damp air and 

helps cling to any surface it comes in contact.  The green tip on the root is an 

important indicator of healthy growth (11).   
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2.1.2 Dendrobium orchids 
                Dendrobium is one of the largest genera of the Orchidaceae and contains 

more than 1000 species.  The genus ranges over eastern Asia and the Pacific is lands, 

from the Himalayas through Burma to the Malayan regions, Australia, New Zealand, 

New Guinea, China, Japan , the Philippines and Fiji.  Thailand is extremely rich in the 

species of this genus,  many of which are highly valued for their horticultural qualities 

(15, 16).  The variety of  climatic conditions gives a variety of plant habits,  and their 

cultural needs vary accordingly.  Some grow where there is a warm season 

accompanied by heavy rains, followed by a season of cooler temperatures and little 

rain.  Some come from regions that stay the same temperatures the years round, but 

where the rain fall is less heavy for part of the year.  In other areas there is little 

change from winter to summer.  Because of such diversity of native habitat, the 

species have to be given somewhat individual treatment in a greenhouse (16). 

 

                The individual flowers are often small, but all are perky or dainty, often of a 

glistening crystalline texture or velvety softness.  The colours are rich, ranging from 

rose and violet tones, occasionally almost to red, to the most brilliant of yellow and 

gold.  Some species are white. 

 

                The plant range in size from miniatures with little wiry or squat pseudobulbs, 

to a large group of robust species with pseudobulbs from a foot to three feet in height, 

and on up to kinds that have stem six to eight feet long.  Among these are some whose 

stems bear three to five leaves at the top nodes only, and others whose stems are leafy 

for almost their entire length.  There are deciduous species which lose their leaves the 

first or second year, and evergreen species which keep their leaves for three or four 

years.  Except for a few in which the stems are truly pseudobulbous, most of them 

have rather slender, jointed stems that resemble canes.  All are epiphytic and all make 

new growths each year from a rhizome.  The growth comes close together so that a 

plant with many stems springs from a rather small basal area. 

 

                The flowers are characterized by a chin or mentum formed by the joining of 

the lateral sepals to the foot of the column.  In some the base of the fused sepals forms 
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a shot spur covering the mentum.  The dorsal sepals and petals are free.  The lip 

narrows at its base to a stalk that is attached to the base of the column foot.  The side 

lobes of the lip usually enfold the shot column, while the outer lobe is spreading, 

pointed or rounded, sometimes fringed (11, 15, 16). 
 
        2.1.3  Orchid cultivation  

 

 Orchids are not at all delicate plants, most people think they are. They can be 

grown in wide variety of climate and environmental conditions and cannot be expected 

to conform to any one set of rules in cultivation, but the basic requirements of most 

orchids are rather similar (17). 

 

        a)  Temperature requirement  

         Temperature markedly regulates the rate of metabolic activities in plants 

including growth. For most of the cultivated orchids, the optimum temperature varies 

between 60o and 80o F (15.5o and 26.5oC). In an optimal temperature range, the plants 

can carry on all of its life processes in a normal way. High temperature accelerates and 

low temperature slows down the processes. Orchids can grow in summer better than in 

winter (18). Ideal night temperature is most important, and the plant should make good 

growth without using too much of its food reserve. For growing purpose orchids are 

usually divided into three temperature groups (17). 

 

                (i) Warm orchids : This group include warm orchids which like moderate to 

high humidity and is represented by Phalaenopsis, Vanda and Dendrobium. 

Temperatures around 60oF and 80oF (15.5 and 26.5oC) at day and night respectively 

are suitable for the growth of these orchids (17). For Dendrobium, nights of 60oF to 

65oF; days of 80oF to 90oF. Temperatures up to 95oF to 100oF are beneficial if 

humidity and air circulation are increased. Low temperatures (below 50oF) may cause 

leaf drop. 

 

                (ii) Intermediate orchid : Cattleya, Laelia, Brassavola, and allied genera and 

Oncidium, Epidendrum, Miltonia, few species of Odontoglossum, mottled leaf, 
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Stanhopea, and few others represent this group. The ideal minimum temperature is 55o 

F (13oC) at night and 65oF (18oC) and above during the daytime. 

 

                (iii) Cool orchids : This group includes a number of beautiful orchid, where 

winter night temperature drops to 50oF (10oC) or can be kept 50oC to 55oF (10oC to 

13oC). Cymbidium, plain leaf Paphiopedilum, some Miltonia, Odotoglossum, and 

Dendrobium represent this group. 

 

        b)  Light requirement  

                Light is essential for plant growth, this is true in case of orchids also. 

Optimum requirement of light varies in different types of plants. Orchids require less 

light intensity compared to common garden plants and they are grown under 

greenhouse condition. In tropical and subtropical countries where the light intensity is 

high, particularly in the summer months, it is often minimized by providing shade and 

the plants are protected from direct sun rays during midday. High light intensity often 

causes loss of chlorophyll, yellowing, drying or burning of leaves. Insufficient light on 

the other hand, promotes spindly and succulent growth and the plant may fail to flower. 

Although requirement of light varies in different groups of orchids, the light intensity 

which favour growth and flowering ranges between 5000 and 15000 lux. Moisture and 

air requirements also increase with more intensity and duration of light (17, 18). 

 

        c)  Humidity  

                Most of the orchids thrive well when the atmospheric is not less than 30 

percent at night and more than 80 percent during the daytime. With the rise and fall 

and fall of temperature, atmospheric humidity should be increased or decreased. 

Generally monopodial types, e.g., Vanda, Phalaenopsis, etc., require higher 

percentage of humidity in the atmosphere (70-75) than sympodial types, e.g., Cattleya, 

Laelia or those with leathery leaves (40-55). High relative humidity reduce the loss of 

moisture from the growing media and minimizes the frequency of watering and 

relative humidity between 75 and 80 percent has been found to promote growth and 

flowering in orchids (17). 
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        d)  Air  

                Orchids do well in an atmosphere of free circulating fresh air. Most of the 

commonly cultivated orchids are air plants in nature, and they require fresh and freely 

moving air, the year round. In a closed area, such as, small greenhouse or plant rooms 

where the conditions become stagnant or stuffy, arrangement is made for air 

circulation by using fan. Many types of tropical orchids like Vanda, Aerides and 

Phalaenopsis with aerial roots do well when expected to current of fresh air. 

 

                Circulation of air is important to maintain the uniformity of temperature in 

the green or glasshouse. It also reduces the occurrence of infestation of diseases and 

physiological disorder in orchids. Air circulation provides more uniform temperature 

throughout, which tends to reduce the humidity at leaf surface and and it is suggested 

during daylight hours at low humidity, unless there is a means of increasing the 

humidity in the house (17). 

 

        e)  Water  

                Slightly acidic water with optimum temperature is good for orchids. 

Frequency of watering is to be increased as new root and shoot develop, decreased 

after flowering; light spray of water on leaves before blooming is beneficial. 

Overwatering is to be avoided. 

 

                Watering of orchid is somewhat different from other plants. The amount and 

frequency of water will depend on several factors as follow: 

                (i) weather conditions  

                (ii) size of the pot 

                (iii) potting material  

                (iv) condition of the plant  

 

                No definite rules for watering can, therefore, be made to cover all these 

conditions. The orchids with pseudobulbs, e.g., Cattleya, Laeliocattleya, 

Brassolaeliocattleya, Oncidium, Odontoglossum, Vanda, etc., Paphiopedilum, 

Cymbidium need abundance of moisture but with good drainage and aeration. 
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                Greenhouse environment can be controlled with ventilation, humidity, 

shading, air circulation, and by regulating light and temperature. A balance of the 

environmental factors throughout the year is necessary for proper growth and 

flowering of the plants (17). 

 

2.2  Anthracnose disease            
        Anthracnose is caused by fungi in the genus Colletotrichum, which is a very 

common group of plant pathogens, and they are responsible for diseases on numerous 

plant species worldwide. Infection usually occurs during warm, wet weather. 

Temperatures around 80° F (27°C) are optimum temperatures for disease development, 

although infection occurs at both higher and lower temperatures. Severe losses occur 

during rainy weather because the spores are washed or splashed to other plants 

resulting in more infections (19).  The symptoms vary somewhat, depending on the 

host. Under certain conditions, the whole leaf dies and falls prematurely (20). The 

anthracnose symptoms of orchids, spots may occur on leaves or tubers and vary from 

yellowish to light brown, are more or less circular, soft and sunken. Lesions may 

coalesce quickly to form large necrotic areas that may contain small black fungal 

structures. The surface of the lesion becomes covered with the wet, gelatinous spores 

from salmon-colored fungal fruiting bodies (acervuli) with numerous black spines 

(setae) .Spore pustules often arranged in concentric rings (19, 21, 22). 

 

 
 

Figure 2-2  Anthracnose symptom on dendrobium orchids (23) 
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        The most common symptom of these diseases is dead areas or blotches on the 

leaves.  Generally, mature leaves are resistant to infection, but when conditions are 

favorable, they may become spotted with lesions (24).   Anthracnose spores are spread 

by wind and rain. In addition, the spores need wet weather to germinate and penetrate 

the leaves. Therefore, anthracnose diseases may be severe in years with long, cool, 

rainy periods (25).  Anthracnose is introduced into the field on infected transplants or 

it can survive between seasons in plant debris or on weed hosts. Alternative hosts 

include weeds and other plants in Solanaceae (19). 

 

        2.2.1 Disease control 

                Control of Colletotrichum diseases has been achieved in various ways.  In 

developed countries, it has proved relatively easy to control anthracnose of temperate 

annual crops through the use of clean seed of resistant cultivars, but in the tropical 

developing countries there are considerable constraints to the adoption of control 

measures due to economic costs and the ubiquity of inoculums.  Chemical control is 

practiced in high value horticultural crops, but problems of fungicide insensitivity, 

residues on edible produce for tree crops, efficiency of spraying have increased in 

importance (26).  The search for alternative strategies to the use of chemicals for 

management of plant disease continues to be a long-term goal of agricultural research 

and development (27). 

 

                Environmental factors also play important roles in managing anthracnose. 

Pay close attention to past and current conditions such as rain and irrigation to 

determine if anthracnose development is favored. Dry spring weather could mean that 

disease management is not necessary. A wet spring or an irrigation system that wets 

the foliage could result in disease outbreak that may warrant control (24).  In most 

cases, these diseases are considered more aesthetic than life-threatening. Efforts for 

reducing the spread of disease include avoiding overhead sprinkling, and reducing 

humidity by improving ventilation. With careful management, some cultivars of 

susceptible landscape plants can be grown at a high level of aesthetic quality, despite 

the presence of anthracnose. For new plantings, choose varieties that are resistant to 

the anthracnose fungi. Plant them widely apart to maximize air circulation and 
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increase sunlight.  Removal of infected leaves is also very helpful since it reduces the 

amount of the fungus available to infect new tissues. Control can also be achieved 

with the use of fungicide sprays applied as soon as symptoms are visible. The popular 

fungicide for orchids is cabendazim, natriphene and mancozeb. (4, 20, 21).  There are 

many ways in control the phytopathogenic fungi cause anthracnose disease for 

example chemical control and biological control. As this follows is chemical control 

of Colletotrichum. 

 

        Tassakorn and Trisri (28)  studied efficiency of some fungicides on growth of C. 

gloeosporioides (Penz.) causal agent of black anther in dendrobium and found that all 

concentrate of prochoraz 50% W.P. is the most effective to inhibit the radial growth of 

C. gloeosporioides (Penz.) with 100% inhibition.  And all concentration of fungicide 

azoxystrobin 25% W/V/SC can inhibit C. gloeosporioides in 70.44% to 75.55%. 

  

        In the other hand, Sanders and coworker (29) reported that a total of 17.7% of all 

C. gloeosporioides isolates from avocado and mango fruit collected during a three-

year market survey were resistant to benomyl, of which 8.5% were highly and 9.2% 

moderately resistant. Isolates from certain production areas were less sensitive to 

benomyl and thiabendazole, and mango isolates were generally more sensitive than 

avocado isolates. No isolates were resistant to thiabendazole or prochloraz.  

 

        Biggs (30) researched the effect of three calcium salt on apple bitter rot caused by 

C. gloeosporioides and C. acutatum. It is found that calcium chloride, calcium 

propionate, and calcium silicate at 1,000 μg of calcium per ml had no effect on 

conidial germination; however, calcium chloride and calcium propionate inhibited 

germ tube growth by 41 and 50% relative to the control, respectively.  All three 

calcium salts reduced fungal dry weight in liquid culture media.  Fruit treated with 

calcium chloride and calcium propionate exhibited delayed formation of acervuli 

relative to the control and calcium silicate. 

 

        Kang and colleage (31) showed that acetic, oxalic, malic and citric acids 

significantly inhibited the growth of C. gloeosporioides, a phytopathogenic fungus, 
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and acetic acid showed the strongest inhibition with no growth at 50 mM. The growth 

inhibition by these organic acids was closely related with the inhibition of respiration, 

as tested using three species, C. gloeosporioides, C. coccodes,and C. dematium and the 

inhibition of growth by acetic acid accelerated along with a decrease in pH from 6.0 to 

4.0. Thus, controlling of Colletotrichum might be developed using acetic acid which is 

generally less dangerous than chemical reagents. 

 

2.3  Colletotrichum gloeosporioides 
                Taxonomy: Imperfect, anamorphic fungus subdivision Deuteromycotina, 

form-class Deuteromycetes, form-subclass Coelomycetidae,form-order Melanconiales, 

form-family Melanconiaceae (32). The genus Colletotrichum represents a large 

number of economically important fungi which collectively cause anthracnose disease 

or leaf blights on all significant agricultural crops and ornamental plants around the 

world (33).  These pathogens cause damage to most parts of plants including roots, 

stems, leaves, flowers and fruits, but are often highly specific to individual tissues.  

Many are also specific to particular plants species or cultivars (34). C. gloeosporioides 

is probably the most ubiquitous of all Colletotrichum species. It is widespread 

throughout the world and has been recorded from a wide and disparate range of hosts (35). 

 

 
 

Figure 2-3 Colletotrichum gloeosporioides Penz on PDA agar 

 

                Colletotrichum gloeosporioides Penz. a facultative parasite belongs to the 

form-order Melanconiales.  Colonies variable, grayish white to dark grey, aerial 

mycelium even and felted or in tufts associated with conidiomata, reverse unevenly 

white to grey or darker especially with age.  The waxy acervuli, which are produced in 
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infected tissue, are subepidermal, typically with setae, and simple, short, erect 

conidiophores.  Setae present or absent. Sclerotia absent but immature ascomata may 

be mistaken for sclerotia.  Appressoria clavate, ovate, obovate, sometimes lobed, sepia 

brown, 6-20 x 4-12 μm. The fungus produces hyaline. Conidia formed in pale salmon 

masses, straight, cylindrical, apex obtuse, base truncate, 12-17 x 3.5-6 μm. Field 

temperatures are continually fluctuating and may allow different isolates of   C. 

gloeosporioides adapted to different environment conditions to penetrate host tissue.  

The duration of surface wetness, however, appear to have the most direct influence on 

the germination, infection and growth of C. gloeosporioides on tropical hosts. 

Environmental conditions favoring the pathogen are high temperatures, 28 oC being 

optimal, and high humidity. Spores must have free water to germinate; germination is 

negligible below 97% relative humidity. Spores are only released from acervuli when 

there is an abundance of moisture. Splashing from rain is a common means of spread.    

Severity of disease is related to weather and the fungus is relatively inactive in dry 

weather. Sunlight, low humidity and temperature extremes (below 18oC or greater 

than 25oC) rapidly inactivate spores (32, 35, 36).  However, in the laboratory Mello 

and coworker (37) showed that cultivation of C. gloeosporioides in oat medium, at 25 

ºC was the most favorable condition for the production of fungus inoculums.  

 

Figure 2-4  Anthracnose cycle on various plant (38)  
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                Host colonization and pathogenesis are well studied for several species for 

Colletotrichum and appears to be similar in the genera.  Initiation of disease in fungal-

plant interactions requires adhesion of spores to host plants.  The spores of 

Colletotrichum can be dispersed by rain and when a suitable host substrate is 

encountered, rapidly adhere to aerial parts of plants.  Conidia are produced in acervuli. 

These acervuli are embedded in a mucilaginous matrix composed of high molecular 

weight glycoproteins.  This mucilage also contains germination inhibitors as well as 

enzymes including cutinases, lipases and Dnases.  Colletotrichum spores sense both 

physical and chemical signals from the plant surface triggering germination and 

differentiation into appressoria. Germ tube elongation ceases, tip swelling occurs and 

becomes delimited by septum.  Maturation of appressorium involves formation of a 

penetration pore in the base of the cell, deposition of new wall layers and secretion of 

extracellular matix materials (33, 34, 39).  During maturation of appressoria, mitosis 

produced a mature binucleate appressorium. During infection one nucleus moved with 

the infection peg into the infected tissue, whilst the other remained in the appressorium. 

Subsequent growth of the infection hyphae led to the production of a typical 

multinucleate mycelium (34). 

 

2.4  Biological control 
 

        2.4.1  Definition of biological control 

                Chemical fungicides have been used successfully to control plant diseases, 

but problems have arisen when farmers do not understand the toxicity of the materials 

they are using, when they cannot read product instructions, or do not have the 

necessary protective equipment. Consequently, fungicide resistance is developed by 

lack of specific and by toxic effects that can be difficult to eliminate, quantify or 

restrict to the site of application. The result is an overuse of fungicides in the 

environment, contamination of the environment, and damage to human health. 

Therefore, some restriction in their use is required. An alternative to use of fungicides 

is to practice biological control (40, 41). 
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                Biocontrol of plant disease involves the use of an organism or organisms to 

reduce disease. Biocontrol solutions to disease problems are receiving increasing 

attention and are gaining popularity owing to the concern over the use of pesticides or 

fungicide in agriculture and because these solutions may be applicable to disease that 

can not be controlled by genetic resistance or chemical pesticides. Biocontrol often 

requires the introduction and establishment of an organism or organisms in the 

microbial community on or near the plant surface. The mechanism of disease control 

must be appropriate to the plant, the pathogen, the site of activity, and the 

developmental stage of the target organism (42). 

 

                An antagonist, broadly defined, is an opponent or adversary. Within biology, 

the term refers to a member of an interaction that interferes with another member, 

ranging from interference among molecules (e.g., growth factors) to that among higher 

plants (e.g., inhibition of one plant by another). In biological control of plant 

pathogens, antagonists are biological agents with the potential to interfere in the life 

processes of plant pathogens. Antagonists include virtually all classes of organisms: 

fungi, bacteria, nematodes, protozoa, viruses, viroids, and seed plants (e.g., trap plants) (6). 

 

                The objective of biological control of plant pathogens is the reduction of 

disease by the following items (43):  

i) Reduction of inoculum of the pathogen through decreased survival 

between crops, decreased production or release of viable propagules, or decreased 

spread by mycelial growth. 

ii)   Reduction of infection of the host by the pathogen. 

iii)  Reduction of severity of attack by the pathogen.  

 

        2.4.2  Modes of action of microbial biocontrol agents 

                The modes of action involved with microbial biocontrol of fungal pathogens 

are given below. 
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        a)  Antibiosis 

                The term is used here in the broad sense in which the metabolic product of 

one organism directly inhibits or destroys another (Baker RT. Biological control of 

plant pathogens: definitions In: Marjorie AH, Donald CH. Biological control in 

agricultural IPM system. Florida: Academic Press Inc; 1985. 589p.). Antibiosis occurs 

when the production of antibiotics or toxic metabolites by microorganisms has a direct 

effect on another microorganism (44). Antibiotics encompass a chemically 

heterogeneous group of organic, low-molecular weight compounds produced by 

microorganisms. At low concentrations, antibiotics are deleterious to the growth or 

metabolic activities of other microorganisms (45). That is, the antagonist produces 

some compound that is toxic or inhibitory to the pathogen, resulting in destruction of 

the latter’s propagules or suppression of its activity. However, this definition excludes 

proteins or enzymes that kill the target organism (46). Such compounds may be 

volatile or nonvolatile and their importance in the rhizosphere and on the phyllosphere 

is yet to be conclusively proven. Antibiosis can often be seen as a zone of inhibition 

that occurs between two microorganisms when they are grown together on agar plates. 

Such zones can be the result of volatile or nonvolatile antibiotic production by one of 

the two organisms. The two effects can be distinguished from each other by growing 

the organisms on split plates where only volatile antibiotics will be able to have their 

effects on the radial growth rate of the target fungus. Nonvolatile antibiotic production 

can be detected by placing a small quantity of Millipore sterilized test culture filtrate 

in small wells made in agar plates. The target organism can then be grown on this 

plate and its reaction to the presence of the culture filtrate recorded (44). There are 

numerous reports of the production of antifungal metabolites (excluding metal 

chelators and enzymes) produced by bacteria in vitro that may also have activity in 

vivo. These include ammonia, HCN, Oligomycin A, Oomycin A, pyrrolnitrin (Pln), 

phenazine-1-carboxylic acid (PCA), etc (47). Several studies have demonstrated that 

many of the antibiotics produced by bacterial biocontrol agents have a broad-spectrum 

activity. For example, the broad-spectrum activity of pyrrolnitrin, produced by 

Pseudomonas and Burkholderia species, has shown activity against a wide range of 

Basidiomycetes, Deuteromycetes, and Ascomycetes. Also zwittermycin A, an 

antibiotic produced by Bacillus cereus and Bacillus thuringiensis adversely affects the 
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growth and activity of a wide range of microorganisms, including several plant 

pathogenic fungi and in particular Phytophthora and Pythium species (45). 

        Cho and coworker studies detection and characterization of the Gloeosporium 

gloeosporioides growth inhibitory compound iturin A from Bacillus subtilis strain 

KS03, a biological control agent that inhibits the anthracnose disease found that the 

antifungal compound was iturin A, a cyclic lipopeptide antibiotic. The major 

compound, with a molecular mass of 1042 daltons (Da), was identified as iturin A2 (48). 

 

        b)  Competition 

                Competition occurs when there is demand by two or more microorganisms 

for the same resource in excess of the immediate supply. The term can be used broadly 

to denote factors favoring one species over another or in a narrower sense it can mean 

the active demand in excess of supply of material or space on the part of two or more 

organisms (44). In soil, microorganisms compete almost exclusively for substrate; 

however, competition also may be involved in occupation of potential infection sites 

by biocontrol agents (49). Antagonists capable of more efficiently utilizing essential 

resources (e.g.,carbon, nitrogen, volatile organic materials, plant residues, iron, 

microelements) effectively compete with the pathogen for an ecological niche and 

colonization of the rhizosphere or/and phyllosphere, leaving the pathogen less able to 

glow in the soil to colonize the plant. Many plant pathogens require exogenous 

nutrients to germinate, then penetrate and infect host tissue successfully. Therefore, 

competition for limiting nutritional factors, mainly carbon, nitrogen, and iron, may 

result in the biological control of plant pathogens (8).  

 

                Competition on plates is easily seen by observing and recording the 

percentage area of the plate that is covered by each of the interacting microorganisms 

over a number of days. The faster growing of the two microorganisms will occupy the 

greater proportion of the plate initially, and if it is the better competitor it will come to 

dominate the plate over a few days. If it also possesses other features of antagonism 

towards the target fungus such as antibiosis or hyperparasitism, then it will very 

rapidly eradicate the slower growing organism (44).  
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        c)  Parasitism  

                The terms hyperparasitism, direct parasitism, and interfungus parasitism are 

used in reference to the phenomenon of one parasitizing another. Hyperparasitism 

covers a multitude of different interactions including minor and major morphological 

disturbances, the overgrowth of hyphae of one fungus by another, penetration and 

direct parasitism by the production of haustoria, and the lysis of one hyphae by 

another (44). There are several means by which mycoparasites attack fungus structures. 

They may penetrate mycelia directly, the parasitic hypha growing within the host 

mycelium (43). Trichoderma harzianum has been shown to penetrate the resting 

spores and subtending hyphae of the arbuscular mycorrhizal species, Glomus 

intraradices Schenk and Smith, resulting in dissolution of the hyphal and spore 

cytoplasm. This penetration was followed by the growth of T. harzianum in the 

hyphae of Glomus mosseae Gerd. And Trappe., eventually leading to the rupture of the 

host. Metabolites produced by T. harzianum may also play a role in mycoparasitism 

because changes in spore protoplasm and cell wall integrity occurred prior to 

penetration by the T. harzianum, weakening or causing death of spores or hyphae of G. 

mosseae and facilitating penetration by the mycoparasite. Perforations in the cell wall 

indicated that chitinase enzymes were released by T. harzianum to weaken the cell 

wall and assist the penetration by the mycoparasite (50). Assuming that nutrients pass 

from the plant pathogen to bacteria, and that fungal growth is inhibited, the spectrum 

of parasitism could range from simple attachment of cells to hyphae. If fungal cells are 

lysed and cell walls are degraded then it is generally assumed that cell wall-degrading 

enzymes produced by the bacteria are responsible, even though antibiotics may be 

produced at the same time (47).  

 

        2.4.3  Microbiology in the rhizosphere soil  

        The rhizosphere is the region where soil and plant roots make contact. The 

number of microorganisms on and around roots is greater than that in root-free soil; 

the kinds of microorganisms in the rhizosphere also differ from those in root-free soil 

(51).  It is a highly favorable habitat for the poliferation and metabolism of numerous 

microbial types (52).  The rhizosphere environment actually is composed of the 

interacting trinity of plant, the soil immediately adjacent to the root, and organisms 
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associated with the roots.   Plant roots release compounds, including simple sugars and 

amino acids, that encourage the growth of specific microbial communities (53). Root-

associated microorganisms must compete with other soil microbes for source of 

carbon, nitrogen and/or energy (42).  

 

                A. Bacteria 

                        Microbial antagonism has often been considered as occurring mainly 

externally to the plant, in the phylloplane, rhizosphere, or in the bulk soil and 

extremely important in biological control of plant pathogens (43, 44). The bacterial 

population of soil exceeds the population of all other groups of microorganisms in 

both number and varity and rapidity of growth and ability to utilize different forms of 

nutrients under widely different condition is surpassed by no other group (51).  There 

are about 1x106 to 9x109 living bacterial cells per gram of soil (43).  Bacteria have 

limitations, such as their relative inactivity in soils not too dry for growth of fungi and 

for disease development.  

 

               B. Actinomycete 

                        Large numbers of actinimycetes, as many as millions per gram, are 

present in dry, warm soils. The most predominant genera of this group are 

Streptomycetes, Nocardia, and Micromonospora (51).  As resident antagonists, 

actinomycetes are probably second only to bacteria in importance in maintaining a 

satisfactory biological balance in soil, largely because of their widespread ability to 

produce antibiotics (43).  The actinomycete antibiotics are not restricted to 

antibacterial antibiotics but include antifungal, anticancers and, to a lesser extent, 

antiviral antibiotics.  Actinomycetes also produce a number of biologically active 

substances such as enzyme inhibitors (54). 

        A combination of bacteria and actinomycetes could be useful in biological 

control by introduced antagonists (43).   

 

         2.4.4  Biological control  of Colletotrichum spp. 

        Marvel (55) studied evaluation of fungicides for disease management to control 

pepper anthracnose.  Standard fungicides and new compounds were compared in a 
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field test with four replications of treatments in a randomized complete block design. 

Fruits were harvested three times, weighed for yield, and the number of marketable 

and diseased fruit recorded. It has been found that Colletotrichum isolated from green 

pepper were controlled by applications of maneb, or alternation of maneb and 

strobilurin fungicides. 

 

        Chantrasri and coworker (56) reported that the combination of antagonistic yeast 

with chitosan was more effective in the reduction of anthracnose incidence than yeast 

or chitosan alone. Candida sp.NS9 in combination with 0.5% chitosan was the most 

effective in controlling anthracnose fruit rot in ‘Choke Anan’ and ‘Nam Doc Mai’ 

mangoes which the average percentage of disease incidences were 6.7 and 13.3 %, 

respectively, compared with 93.3 and 100 % infection in the control fruit. As for hot 

water (55 oC for 5 min) treated fruits, the disease incidences were 73.3 and 86.7%, 

respectively. 

 

        Korsten and colleage (57) researched biocontrol of avocado postharvest diseases 

found that antagonists Bacillus lichineformis and B. subtilis effectively reduced stem-

end rot, anthracnose and the Dothiorella/Colletotrichum fruit rot complex, when 

applied as field preharvest sprays, as well as packhouse postharvest dip treatments.  

        Trikanchanawattana and coworker (58) reported that 3 bacterial isolates (3103, 

3107 and 3503) and a yeast (4113), isolated from shoots, inflorescences and young 

fruit of the fruit tree canopies against infection by C. gloeosporioides (unwounded 

inoculation) on detached mango leaves and rose apple (Syzygium aqueum) fruit. On 

the fruit of Nam-dok-mai mango, smart biological control was provided with 58-77 % 

reduction in lesion diameter when the antagonists were applied before or concurrently 

the inoculation of C. gloeosporioides. 

 

        Mahadtanapuk (59) studied control of anthracnose caused by Colletotrichum 

musae on Curcuma alismatifolia Gagnep. using antagonistic Bacillus spp. And found 

that three isolates provided greater than 75% growth inhibition of the fungus in vitro 

and were identified as Bacillus licheniformis, B.amyloliquefaciens and B. subtilis. 

Using in planta tests, B. amyloliquefaciens and B. subtilis were shown to efficiently 
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colonize the curcuma bracts, provide a statistically significant growth suppression of 

C. musae over that of B. licheniformis, and all three isolates could provide 100% 

inhibition of conidial fungal germination. When B. licheniformis was co-inoculated in 

combination with either of the other two bacteria, the ability of B. amyloliquefaciens 

and B. subtilis to suppress the fungal disease was dramatically reduced. Both B. 

amyloliquefaciens and B. subtilis were found to contain an isoform of iturin A with 

antifungal activity against C. musae. 

 

        Yoshida and colleage (60) reported that a potential antagonist, Bacillus 

amyloliquefaciens strain RC-2, was isolated from healthy mulberry leaves against 

mulberry anthracnose caused by Colletotrichum dematium.  The antagonism was due 

to the production of antifungal compounds by the strain. Seven kinds of antifungal 

compounds were purified, and one of these was identified as iturin A2. 
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CHAPTER III 

METHODOLOGY 

 

 

3.1 Materials 
 

        3.1.1 Cultural media and Chemical agents 

    -  R2A 

      -  Minimal salt medium (MSM) 

     -  Starch casein agar 

     -  Yeast malt extract agar (YMA) 

     -  Yeast malt extract broth (YMB) 

     -  Oatmeal agar 

     -  Potato dextrose agar (PDA) 

     -  Potato dextrose broth (PDB) 

     -  Tryptic soy agar (TSA) 

     -  Tryptic soy broth (TSB)  

             -  Magnesium sulfate (MgSO4.7H2O) 

     -  Dipotassium hydrogen phosphate (K2HPO4) 

     -  Potassium dihydrogen phosphate (KH2PO4) 

     -  Ferrous sulphate monohydrate (FeSO4.H2O) 

     -  Zinc sulfate (ZnSO4) 

     -  Manganese chloride (MnCl2) 

     -  Ammonium nitrate (NH4NO3) 

     -  Casein hydrolysate 

                -  Potassium nitrate (KNO3) 

                -  Sodium chloride (NaCl) 

                -  Calcium carbonate (CaCO3) 

     -  Ethanol 

     -  Manganese chloride (MnCl2.4H2O) 
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     -  Zinc Sulphate heptahydrate (ZnSO4.7H2O) 

     -  Triton X-100 

                -  Tween 20 

                -  Glucose (C6H12O6) 

                -  Sodium hypochlorite (NaClO) 

     -  Proteinase K 

        All cultural media were purchased from Difco, USA. The preparation was 

performed according to manufactures recommendations. Analytical grade of all 

chemical agents were purchased from USA, Sigma (USA), Ajax (Australia), Fluka 

(Switzerland) 

 

        3.2.1  Equipment 

               -  Glassware 

               -  Needle 

               -  Loop 

    -  Cork borer 

     -  Scissors 

     -  Petri-dishs 

     -  Buchner funnel  

     -  Micropipettes 

     -  Desiccator 

     -  Water bath 

     -  Haemacytometer 

                -  Hot-air oven (Contherm model CAT 260M) 

     -  Incubator shaker (Gyromax model 737R) 

     -  Microbiological safety cabinet (Flufrance model Atlas 2000) 

     -  Vortex mixure (Vortex-Genie2 model G-560E) 

     -  pH Meter (Orion model EA940) 

     -  Light microscope (Olympus model CH-2) 

     -  UV/VIS spectrophotometer (Jasco model V-530) 
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        3.1.3  Fungal strain 

        Colletotrichum gloeosporioides DOAC 1694, phytopathogenic fungus, was 

obtained from Department of Agriculture, Ministry of Agriculture and Cooperative, 

Thailand. 

 

        3.1.4   Dendrobium orchids 

        The 8-month old of healthy Dendrobium orchid (Eia-sakul) was obtained from 

Air Orchids and Lab, Salaya, Nakornpathom, Thailand. 

 

3.2  Sample collection and preparation 
 

        3.2.1 Sample collection 

        Healthy cut-flowered orchids (Dendrobium sp.) were collected from different 

gardens located in Nakornpathom, Nontaburi and Ratchaburi provinces, Thailand. All 

orchid samples did not use any chemical agent around 1 week before collecting day. 

Rhizosphere soil around roots of plants in orchid gardens and soil under the orchid’s 

planting materials were collected from the field and placed into steriled plastic bags. 

Samples were kept in ice-box at 4oC and taken to the biological laboratory.  

 

        3.2.2 Orchid preparation  

        Each orchid plant sample was separated into three parts including leaf, 

pseudobulb and aerial root. Leave, pseudobulbs and roots of orchid samples were 

washed in sterile distilled water. Then, they were aseptically cut to small pieces. Ten 

grams of each sample were dispensed into 100 ml of MSM (Appendix A No.1) 

containing 1 ml of Triton X-100 in 250-ml Erlenmeyer flasks (61). Flasks were shaken 

on incubator shaker (150 rpm) at 28oC for 30 min. 

 

        3.2.3 Soil preparation for actinomycetes 

        For isolation of actinomycetes, soil samples were air-dried. Ten grams of dry soil 

sample were dispensed into 100 ml of MSM. Soil suspension was moist heated at 

50oC for 10 min in a water bath to destroy non-spore forming bacteria (62). 
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3.3  Isolation of Indigenous Microorganisms from Orchids and Soils 
 

        Samples of orchid and soil suspension from No.3.2.2 and No.3.2.3 were plated 

onto R2A (Appendix A No.2) for bacteria and starch-casein agar (Appendix A No.3) 

for actinomycetes plate supplemented with 100 mg/l of ketoconalzole to inhibit the 

fungal growth. The plates were incubated at 28oC and inspected regularly for bacterial 

colonies. Appeared colonies on agar plate were selected for further study based on the 

difference in the colony morphology. Actinomycetes and bacterial colonies were 

streaked on fresh tryptic soy agar (TSA) (Appendix A No.4) for bacteria and yeast 

malt extract agar (YMA) (Appendix A No.5) for actinomycetes plate. Single colony of 

each isolate was re-streaked to ensure pure culture isolation. Pure culture of each 

isolate was subcultured on TSA slant for bacteria and YMA slant for actinomycetes 

and kept at 4oC until use for screening the potential for antagonistic activity against C. 

gloeosporioides.  

 

3.4  Screening  of  Antagonistic  Microorganisms  against Colletotrichum 

gloeosporioides   
 

        To screen the potential antagonistic microorganisms against C. gloeosporioides 

phytopathogenic fungus, isolated microorganisms were tested according to the method 

below. 

 

        3.4.1 Inoculum preparation 

        For bacteria, a loopful of bacterial isolate on TSA plate was transferred into 5 ml 

of tryptic soy broth (TSB) (Appendix A No.6) and aerobically cultivated at 28oC with 

shaking at 150 rpm for overnight. 

 

        For actinomycetes, isolated actinomycetes were maintained on oatmeal agar 

(Appendix A No.7) plates at 28oC in the dark for 7 days. Spores on agar plate were 

flooded with steriled 0.03% tween 20 and aseptically filtrated through sterile cotton 
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plug tube. Spores were resuspended in steriled 20% glycerol (63). Flasks were 

aerobically cultivated at 28oC with shaking at 150 rpm for 36 hrs.  

 

        For phytopathogenic fungus, C. gloeosporioides was maintained on PDA 

(Appendix A No.8) plates at 28oC in the dark for 7 days. Then, mycelium tip of 6-day-

old culture of C. gloeosporioides was used for this experiment. 

 

        3.4.2 Determination of antagonistic activity in bacteria and actinomycetes 

        Twenty microliter of bacterial suspension (OD600 ~ 0.1) of each isolate was 

pipetted onto one side of the center of PDA plate. The plates were incubated at 28oC 

for 2 day, at which time the colonies had just become visible. 

 

        Spore suspension of actinomycetes was adjusted to concentration 105 spores/ml in 

20% glycerol. The 20 μl of spore suspension of each actinomycetes isolate was 

pipetted onto one side of the center of PDA plate. The plates were incubated at 28oC 

for 5 day, at which time the colonies had just become visible. 

 

        Then, a 0.6-cm-diameter of fungal plug taken from the margin of a 6-day-old of 

C. gloeosporioides was placed onto the center of the other side of Petri dish. Fungal 

plug were also placed on uninoculated PDA plate separately as uninhibited controls. 

Triplicate samples were performed in each bacterial and actinomycete isolate. Cultures 

were incubated at 28oC and the plates were examined for inhibition of fungal growth 

after incubation for 5-7 additional days. Inhibition was indicated when C. 

gloeosporioides mycelial growth in the direction of the actinomycete or bacterial 

colony was retarded or inhibited. The level of inhibition was recorded and calculated 

as shown in Equation 3-1 (64).  

 

Δγ    =     γo - γ                                                           ………..3-1 

Where ;     Δγ    :   the level of inhibition (cm) 

         γo   :   the fungal growth radius of a control culture (cm) 

         γ     :   the distance of the growth in the direction of antagonist   

                               actinomyces (cm) 
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                The rating used were modified from those of Yuan and Crowford, 1995 (64) 

where ;        

                        Δγ  ≤  0.25 cm                    =     - 

  0.25   <  Δγ ≤ 0.5 cm          =     + 

                   0.5 < Δγ  ≤ 1 cm                 =     ++ 

                   Δγ > 1 cm                           =     +++ 

 

        Isolates of bacteria and actinomycete that shown the high potential of fungal 

growth inhibition of C. gloeosporioides DOAC 1694 were selected for further studies.  

 

3.5 Morphological  Study  and  Identification  of  Potential Antagonistic  

Microorganisms 

 

        For bacteria, each isolate was streaked on fresh TSA plate and observed colony 

characteristic including surface, margin and color after incubation at 28oC for 24-48 

hrs. Each isolate was determined the Gram by Gram stain and observed cell 

morphology by Scanning Electron Microscope (SEM). Genus identification of isolates 

was identified by 16S rDNA sequencing (58).  The 755-bp fragment of 16S rDNA was 

amplified in a thermocycler (Perkin-Elmer Cetus Model 480) by using universal 

primers of 27f (5’-AGA GTT TGA TCC TGG CTC AG -3’) and 782r (5’- ACC AGG 

GTA TCT AAT CCT GT-3’) (59). The amplify DNA fragment was sequenced by 

ABIPRISM Big DyeTm Terminator Cycle Sequencing Ready Reaction Kit with 

sequencing enzyme AmpliTag DNA polymerase from Applied Biosystem (ABI, 

USA). This experiment was conducted at Chulabhorn Research Institute and KU 

Vector, Kasetsart University. The 16S rDNA sequence of selected bacterial isolate 

was analyzed by using BLAST program (60) from GenBank database (http: 

www.ncbi.nlm.gov). 

 

        For actinomycete, each isolate was streaked on oatmeal agar plate and observed 

colony morphology and spore formation after incubation at 28oC for 7 days. 

Characterization of mycelium and spore were observed under 40X light microscopic 
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and SEM. The identification of the active strains was carried out by the sequencing of 

a fragment of the gene 16S rDNA according to the method in above. 

 

3.6  Microbial Growth Condition and Growth Curve Determination 
 

        3.6.1 Microbial growth condition and maintenance 

        Selected potential antagonistic actinomycete was plated onto YMA plate and 

incubated at 28oC for 7-10 days and kept at 4oC until use. Spores on agar plate were 

flooded with sterile water containing 0.03% tween 20 and pipetted in steriled tube. 

The spore suspension was filtrated aseptically through a steriled cotton plug. The 

filtrate was centrifuged at 3,000 rpm, for 10 min and discarded the supernatant. Spore 

pellet was resuspensed in steriled 20% glycerol and adjusted to a concentration of 108 

spores/ml for using as inoculum or long term preservation at -20oC. Flasks were 

aerobically cultivated at 28oC with shaking at 150 rpm for 36 hrs. 

 

        3.6.2  Growth curve determination 

        For inoculum preparation the 2.5 ml of spore suspension (105 spores/ml) of 

actinomycete was subcultured into 25 ml of yeast malt extract broth (YMB) 

(Appendix A No.9) in 125 ml-erlenmeyer flask.  The 10% of inoculums was 

inoculated into 50 ml of YMB in 250 ml-erlenmeyer flask. Three replicates of twelve 

growth periods were performed to represent the growth at the 12-hr, 1, 2, 3, 5, 7 and 9 

-day, respectively. All flasks were incubated on incubator shaker (150 rpm) at 28oC. 

The growth was monitored by dry-weight determination. Three flask samples of each 

growth period were collected at the 12-hr, 1, 2, 3, 5, 7 and 9 -day, respectively. From 

each flask, cell sample was filtrated by using the suction filter apparatus. After 

filtration, the Whatman no.4 filter paper with cell mass was dried in oven at 80oC for 3 

hr and then held in desiccator until cool down, in order to calculate the constant dry 

weight. Before filtration, the filter paper was dried and calculated the constant weight 

the same condition with cell mass. From the constant weight of membrane filter paper 

and the constant dry weight of membrane filter paper with cell mass, cell dry weight 

could be calculated. Growth was expressed as mg of cell dry weight /ml of cell sample 

at different growth periods.  
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3.7 Evaluation of the Effect of Potential Antagonistic Microorganisms 

on the Growth of C. gloeosporioides  DOAC 1694 
 

        3.7.1  Inoculum preparation 

        Inoculum of spore suspension of selected actinomycetes and phytopathogenic 

fungus were prepared as previously described in No.3.4.1 

 

        3.7.2  Preparation of cell free supernatant as crude actinomycetes   

        The 2.5 ml of spore suspention (105 spores/ml) of selected actinomycetes from 

No. 3.4.1 was subcultured into 25 ml of YMB. Flasks were incubated at 28oC with 

continuous shaking at 150 rpm.  The cell-free supernatant was collected at exponential 

(1-day) and stationary phases (3-day) of growth by filltration through Whatman filter 

paper No.4. The cell-free supernatant was filter-sterilized (0.45 μm pore size of 

cellulose acetate membrane) and stored at 4oC until use. 

   

        3.7.3 Effect of extracellular antifungal metabolites produced by antagonists 

on the radial growth of C. gloeosporioides  DOAC 1694 

        To evaluate the effect of extracellular antifungal metabolites produced by 

antagonistic actinomycete on the radial growth of C. gloeosporioides DOAC 1694, the 

method of Prapagdee et al. (67) was followed in this experiment as described below. 

 

        Briefly, exponential and stationary cell-free culture filtrates of actinomycete 

selected antagonists prepared according to method in No.3.7.2 were separately added 

into warm-molten PDA (45oC) to give a final concentration at 10, 20, 30 and 40% 

(v/v) and placed until solidify. The control plate was added an equal volume of sterile 

distilled water instead of culture filtrate. Each plate was seeded with 6-mm-diameter 

mycelial plugs taken from the margin of a 6-day-old culture of C. gloeosporioides. 

Inoculated plates were incubated at 28°C and fungal growth was recorded at 1-day 

intervals until those of the control plates reaching the edge of the plate. 

        Fungal growth inhibition was expressed as the percentage of inhibition of radial 

growth relative to the control as shown in equation 3-3. 
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      Inhibition of       =       Colony Ø of control – Colony Ø of sample    x    100 

  radial growth (%)                             Colony Ø of control                         ……….....3-3 

  

        3.7.4 Effect of extracellular antifungal metabolites produced by antagonists 

on the submerged growth of C. gloeosporioides DOAC 1694 

        To assess the effect of extracellular antifungal metabolites produced by 

actinomycete selected antagonist on the submerged growth of C. gloeosporioides 

DOAC 1694, the 20% of cell-free culture filtrates collected exponential (1-day) and 

stationary (3-day) phase in No.3.7.2 were aseptically added into a fresh 20-ml PDB 

medium in 125 ml-Erlenmeyer flask. Four discs of 0.6-cm-diameter of C. 

gloeosporioides were inoculated into PDB medium. Control experiment was also 

performed by adding an equal volume of sterile distilled water in place of the cell-free 

culture filtrates. All flasks were incubated on incubator shaker at 120 rpm, 28oC for 

12-hr, 1, 2, 3, 5 7 and 9-day, respectively. 

 

        3.7.5 Effect of extracellular antifungal metabolites produced by antagonists 

on the morphology of C. gloeosporioides DOAC 1694 

        Exponential and stationary cell-free culture filtrates of actinomycete selected 

antagonist prepared according to method in No. 3.7.2 were added into 20-ml of warm-

molten PDA to give a final concentration of 20% (v/v) and placed until solidify. 

Prepared PDA was cut in the size 1 cm2 and 5-mm-thick and placed on the steriled 

slide that put on Petri-dish. Mycelial tip of C. gloeosporioides was inoculated on the 

surface of piece of PDA and covered with cover slip. Inoculated slides were incubated 

at 28oC in dark condition for 6 days. After incubation, fungal slides were removed 

from Petri-dish and stained with lactophenol cotton blue dye (Appendix B No.1) and 

microscopically observed change of hyphal morphology using 40x of light microscope 

(34, 68). 

    

        3.7.6 Stability of extracellular antifungal metabolites on heat and proteinase 

K treatment 

        To investigate some chemical properties of antifungal metabolites, cell-free 

culture filtrates of actinomycete strain collected from exponential (1-day) and 
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stationary (3-day) phase were either treated with boiling (100oC) for 45 min or 100 

µg/ml of proteinase K at 37oC (Sigma, USA) for 1 hr. Inhibitory effects of treated 

culture filtrates on the radial growth of C. gloeosporioides were using method 

determined as describe in No. 3.7.3. The percentage of radial growth inhibition by 

treated and untreated culture filtrates were calculated as previously showed in 

Equation 3-3. 

 

3.8  Evaluation of the efficiency of potential antagonistic microorganism 

on the protection of anthracnose disease caused by C. gloeosporioides  in 

greenhouse condition 
         

        3.8.1  Inoculum preparation  

        Inoculum preparation of antagonistic actinomycete and C. gloeosporioides was 

prepared as previously described in No. 3.4.1.  

 

        3.8.2  Preparation of Dendrobium orchid 

        The 8-month old of healthy Dendrobium orchid were used in this experiment.  

Each of orchids was grown in 5 cm diameter plastic basket.  All orchid plants were 

usually treated in the same condition including light, temperature 25-35oC and 

watering in everyday of early morning. The essential fertilizers were feed once a week 

in the morning. 

 

        3.8.3  Efficiency of antagonists on protection of anthracnose disease 

        For greenhouse study, the selected potential antagonist was applied onto the 

Dendrobium sp. before inoculating of C. gloeosporioides. The efficiency of selected 

antagonist on the protection of Dendrobium sp. against C. gloeosporioides was 

investigated.        

        The experiment was designed as the Completely Randomized Design (CRD) 

which was divided into 7 treatment (T1-T6) with 5 replicates per each treatment, 

totally 35 units as follows: 
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                T1 (negative control)  =  orchid leaves without C. gloeosporioides inoculum   

     T2 (positive control)   =  orchid leaves + C. gloeosporioides inoculum  

     T3  =  orchid leaves + mancozeb  + C. gloeosporioides  inoculum 

     T4  =  orchid leaves + exponential cell culture of antagonist + C.   

                           gloeosporioides inoculums 

     T5  =  orchid leaves + stationary cell culture of antagonist + C.  

                           gloeosporioides inoculums 

    T6  =  orchid leaves + exponential cell-free culture filtrate of antagonist +  

                          C. gloeosporioides  inoculum 

    T7  =  orchid leaves + stationary cell-free culture filtrate of antagonist +  

                           C. gloeosporioides  inoculum 

 

        T1 and T2 were performed as negative and positive control, respectively.  In the 

T3, mancozeb (Manzate 200 wp from Dupont containing 80% mancozeb.) at 

concentration 2 g/l was used as chemical fungicide (23). In T4 and T5, 100 μl of 

overnight cell culture of selected antagonist was brushed onto orchid leave and then 

held for 24 hr. The efficiency of cell-free culture filtrate produced by antagonist in the 

prevention of anthracnose disease in Dendrobium sp. was performed in T6 and T7.  

The cell-free culture filtrate were prepared as previously described in No. 3.7.2.  

 

        The orchid leaves of all treatments except T1 (negative control) were silted for 

1cm and inoculated with 0.6-cm-diameter of fungal disc of C. gloeosporioides 

(No.3.8.1) on the tip of leave (1 point in each leave).  All inoculated orchid plants 

were covered with water-sprayed polyethylene bags for 24 hr.  The visible symptom 

appearance of all orchid plants was daily monitored (relative to those of the controls) 

for 5 days.  Then, all orchid plants were rated for disease severity 5 days after 

inoculation in the greenhouse. Finally, disease severity was divided into five 

categories as the following scale: 

                1  = healthy, no disease symptoms of the leaves; 

                2  = diameter of wound 0.1-0.8 cm, green leaves; 

                3  = diameter of wound 3.7-5.5 cm, rather yellow leaves; 

                4  = diameter of wound 5.5-7.3 cm, yellow leave; 
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                5  = diameter of wound, leaves drop. 

        The disease severity index (DSI) was determined according to the following 

formula No. 3-3 (69) 

 

                        DSI   =   Σ(number of plants X category value)                         ……. 3-3 

                                                  total number of plants  

        

3.9 Statistical  analysis 

 
Mean and standard deviation were statistically analyzed of the growth curve of 

the potential antagonistic selected microorganism and antagonistic activity by dual 

culture assay. Additionally, effect of extracellular antifungal metabolites produced by 

antagonists on the radial growth and submerged growth of C. gloeosporioides were 

statistically analyzed by using mean and standard deviation. For the investigation of 

efficiency of selected antagonists on the protection of anthracnose disease in 

greenhouse study, data were statistically analyzed by using the analysis of variance 

(ANOVA) and Least Significant Difference (LSD) at p ≤ 0.05. 
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CHAPTER IV 

RESULTS AND DISCUSSION 

 

 

4.1  Isolation of Indigenous Microorganisms from Orchids and Soils 

 
        To isolation of indigenous microorganism from Dendrobium orchids and soils, 

the total of 201 bacterial strains was isolated from 25 healthy Dendrobium orchid 

samples including leaf, pseudobulb and root in Nakornpathom, Nontaburi and 

Ratchaburi Provinces, Thailand. The total of 146 actinomycete strains was isolated 

from 15 soil samples in the same sites as described above.  

 

4.2  Screening of Antagonistic Microorganisms against Colletotrichum 

gloeosporioides DOAC 1694 
 

        To screen of antagonistic microorganisms against C. gloeosporioides DOAC 

1694 causes antracnose disease in Dendrobium orchid, all strains of 201 bacteria and 

146 actinomycetes were tested for antagonistic activity by dual culture technique. The 

levels of fungal growth inhibition in isolated bacteria and actinomycetes were shown 

in Table 4-1 for bacteria and Table 4-2 for actinomycete, respectively.  
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Table 4-1 The number of bacteria in each level of fungal growth inhibition 

Level of fungal growth 

inhibition* (Δγ) 
No. of bacteria % of bacteria 

- 172 85.57 

+ 19 9.45 

++ 8 3.98 

+++ 2 1.00 

Total 201 100 

*Level of fungal growth inhibition (Δγ = γ0 - γ) (64) 

-.rri          =   Δγ  ≤  0.25 cm,                     
+++         =   0.25   <  Δγ ≤ 0.5 cm,           
+++         =   0.5 < Δγ  ≤ 1 cm                  

                        +++         =   Δγ > 1 cm 
 
 
        From Table 4-1, there were 2, 8, 19 and 172 bacterial strains showed antagonistic 

ability by growth inhibition of C. gloeosporioides in level +++, ++, + and -, 

respectively. The percentages of isolated bacteria with antifungal activity to C. 

gloeosporioides in level +++ to level - were 1%, 3.98%, 9.45% and 85.57%, 

respectively. There were two strains that showed antagonistic activity against C. 

gloeosporioides in level +++ (highest level). Those two strains were ORR514 and 

NBR46. The percentages of inhibition of fungal growth by strain ORR514 and NBR46 

were 93.33% and 86.67%, respectively. However, colony characteristic including from 

surface, margin and color of strain ORR514 after incubation at 28oC for 48-72 hr 

showed the typical colony morphology and gram negative similar to Pseudomonas 

aeruginosa. P. aeruginosa is the human opportunistic pathogen (70). Hence, strain 

ORR514 was not selected for further studies. 

        Kelemu et. al reported that Bacillus subtilis exhibited an antifungal activity 

against plant pathogenic fungi, C. gloeosporioides (71). Also with Mahadtanapuk et 

al.  (72) found that Bacillus licheniformis, B. amyloliquefaciens and B. subtilis  

isolated from leaf surfaces of Curcuma alismatifolia Gagnep. and hot springs in the 

Chiang Mai province of northern Thailand provided greater than 75% growth 
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inhibition of Colletotrichum musae cause anthracnose disease on Curcuma 

alismatifolia Gagnep. 

 

Table 4-2 The number of actinomycete in each level of fungal growth inhibition       

Level of fungal growth 

inhibition* (Δγ) 
No. of actinomycete % of actinomycete 

- 20 13.70 

+ 36 24.66 

++ 51 34.93 

+++ 39 26.71 

Total 146 100 

*Level of fungal growth inhibition (Δγ = γ0 - γ) (64) 

-.rri          =   Δγ  ≤  0.25 cm,                     
+++         =   0.25   <  Δγ ≤ 0.5 cm,           
+++         =   0.5 < Δγ  ≤ 1 cm                  

                        +++         =   Δγ > 1 cm 
 

        From Table 4-2, thirty nine actinomycete strains showed high antagonistic ability 

(+++) by growth inhibition of C. gloeosporioides followed by level ++ (51 strains), 

level + (36 strains) and 20 actinomycete strains in level -. The percentages of isolated 

actinomycete with antifungal activity to C. gloeosporioides in level +++ to level - 

were 26.7%, 34.9%, 24.7% and 13.7%, respectively. In level +++ (highest level), 

actinomycete strain SRA14 showed the highest percentage of inhibition of fungal 

growth (100%) against C. gloeosporioides.  

        There are many reports about actinomycetes producing antifungal metabolites. 

For example, Streptomyces laceyi produced salaceyin that showed antifungal activity 

against Cladosporium cucumerinum, Colletotrichum orbiculare and Phytophthora 

capsici (73). In addition, S. aureofaciens CMUAc130 was isolated from the root tissue 

of Zingiber officinale. The culture filtrate and crude extract from this strain were 

inhibited C. musae and Fusarium oxysporum (74) . 
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        The results of screening the potent antagonistic bacteria and actinomycetes 

against C. gloeosporioides indicated bacterial strain NBR46 and actinomycete strain 

SRA14 were the potent antagonists. Strain NBR46 and SRA14 grown on PDA plate 

released an extracellular diffusible metabolite(s) that inhibited hyphal growth of C. 

gloeosporioides. 

        Therefore, bacterial strain NBR46 and actinomycete strain SRA14 that showed 

the highest potential of fungal growth inhibition of C. gloeosporioides were selected 

for further studies.   

 

4.3  Morphological  Study  and  Identification  of  Potential Antagonistic  

Microorganisms 

 
        To study morphology and identification of potential antagonistic microorganisms, 

isolated bacterial strain NBR46 and actinomycete strain SRA14 were cultured for 2 

days on flash TSA plate and 5 days on oatmeal agar plate, respectively. Each isolate 

was determined the Gram by Gram stain and observed cell morphology by Scanning 

Electron Microscope (SEM).  The results were shown in Table 4-3.  

 

Table 4-3  Cell shape, gram reaction and colony morphology of NBR46 and SRA14 

Antagonists Cell shape 
Gram 

reaction 
Colony 

morphology
SEM (10,000x) 

Bacterial 
strain 

NBR46 
Rod Gram 

negative 

Circular, 
Convex, 
Smooth 
margin, 
Smooth 
surface 

 

Actinomyce
te strain 
SRA14 

Filamentous Gram 
positive 

Spore color: 
Grayish 
white 

 
Reverse 
color:  

Light yellow
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        Genus identification of bacterial strain NBR46 and Streptomyces strain SRA14 

were identified by 16S rDNA sequencing. The partial 16S rDNA sequence of isolated 

bacteria (NBR46) and actinomycete (SRA14) were shown in Figure 4-1 and Figure 4-

2, respectively. Partial 16S rDNA sequences of each strain were analyzed by using 

BLASTN program from NCBI database (www.ncbi.nlm.nih.gov). The results were 

shown in Table 4-4. 

 

Figure 4-1  Partial 16S rDNA sequence of bacterial strain NBR46 

 
Figure 4-2  Partial 16S rDNA sequence of actinomycetes strain SRA14 

 
Table 4-4 Identification of antagonists by patial 16S rDNA sequence analysis 

Antagonists Closest strains 
Sequence similarity 

(length of nucleotide) 

Accession 

number 

NBR46 Pantoea sp. strain FeL17 
Pantoea sp. strain Aek32 
Pantoea sp. strain CT2 

95% (572/600) 
95% (572/600) 
95% (572/600) 

EU741041.1 
EU741010.1 
EF585309.1 

SRA14 Streptomyces hygroscopicus 
subsp. hygroscopicus 
Streptomyces owasiensis  
strain NBRC 13832 
Streptomyces misionensis  
strain NRRL B-3230 

98% (659/669) 
 

98% (657/669) 
 

98% (656/669) 

AB184760 
 
AB184515 
 
EF178678 
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        Using of 16S rDNA sequence, bacterial strain NBR46 showed 95% similarity to 

Pantoea sp. strain FeL17, Pantoea sp. strain Aek32 and Pantoea sp. strain CT2 from 

accession number EU741041.1, EU741010.1 and EF585309.1, respectively of 

GenBank database (Table 4-4). Thus, bacterial strain NBR46 could be identified as 

Pantoea sp.. Pantoea sp. is phytopathogenic bacteria cause center rot disease of onion 

(75,76), thus Pantoea sp. NBR46 was not selected for further study.  

        Analysis of the 16S rDNA gene sequences revealed that the SRA14 is closely 

related to Streptomyces hygroscopicus (98% similarity) from GenBank database 

accession number AB184760 (Table 4-4). S. hygroscopicus has short-cylindrical, 

phalangiform spores. (77).  

 

4.4  Growth Pattern of Selected Antagonist 

 
        The actinomycete growth was determination by cell dry weight measurement. 

Streptomyces sp. SRA14 was aerobically cultured in YMB medium with shaking at 

28oC. Cell suspension was removed by filtration, dried, and then weighted. Cell 

growth was monitored for 9 days of growth period. The result was illustrated in Figure 

4-3. 

 
Figure 4-3 Growth curve of Streptomyces sp. SRA14 cultured in YMB medium at 

28oC 
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        From Figure 4-3, the growth was rapidly increased into exponential phase within 

1 day of growth period (2.81 mg/ml). Then, the cell growth was slightly increased and 

reached the stationary phase at 3-day of growth period (3.52 mg/ml).  

 

4.5 Evaluation of the Effect of Potential Antagonistic Microorganisms 

on the Growth of C. gloeosporioides  DOAC 1694 

 
        4.5.1  Effect of extracellular antifungal metabolites produced by antagonists 

on the radial growth of C. gloeosporioides DOAC 1694   

        To evaluate the effect of extracellular antifungal metabolites produced by 

antagonists on the fungal radial growth, C. gloeosporioides DOAC 1694 was 

cultivated on PDA plates amend with 10%, 20%, 30% and 40% (v/v) of exponential or 

stationary culture filtrates collected from Streptomyces sp. SRA14. The fungal growth 

radius was daily measured for 6 days of cultivation period. The radial growth of C. 

gloeosporioides in PDA plates amended with various concentrations of exponential or 

stationary culture filtrates of Streptomyces sp. SRA14 were shown in Figure 4-4 and 

Figure 4-5, respectively.       

 
Figure 4-4 The radial growth of C. gloeosporioides on PDA plate supplemented with 

various concentrations of exponential culture filtrates of Streptomyces sp. 

SRA14 
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Figure 4-5 The radial growth of C. gloeosporioides on PDA plate supplemented with 

various concentrations of stationary culture filtrates of Streptomyces sp. 

SRA14 

 

        From Figure 4-4 and Figure 4-5, the growth results showed that 10% (v/v) of 

both exponential and stationary culture filtrate completely inhibited (100%) the fungal 

growth in 1-day of growth period. In 2-day of growth period, the fungal growth was 

perfectly inhibited (100%) by 20% (v/v) to 40% (v/v) of both exponential and 

stationary culture filtrate. In 2-day of growth period, percentages of growth inhibition 

by 10% (v/v) to 40% (v/v) of exponential culture filtrate were 11.11, 66.67, 66.67 and 

66.67, respectively. Percentages of growth inhibition in 2-day of growth period by 

10% (v/v) to 40% (v/v) of stationary culture filtrate were also 29.44, 66.67, 66.67 and 

66.67, respectively. The growth inhibitory effects of exponential culture filtrate at 30% 

(v/v) and 40% (v/v) was not much different.         

 

        4.5.2  Effect of extracellular antifungal metabolites produced by antagonists 

on the submerged growth of C. gloeosporioides DOAC 1694 

        To evaluate the effect of extracellular antifungal metabolites in cell free culture 

filtrates on the submerged fungal growth C. gloeosporioides was grown in PDB 

medium amended with 20% (v/v) exponential and stationary cell-free culture filtrates 
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of Streptomyces sp. SRA14. The fungal growth as cell dry weight was monitored at 

the 12 hr, 1, 2, 3, 5, 7 and 9-day, respectively. The result of submerged growth was 

illustrated in Figure 4-6. 

 

 
Figure 4-6 Effect of 20% (v/v) culture filtrates produced by Streptomyces sp. SRA14 

on the submerged growth of C. gloeosporioides 

 

        Submerged growth of C. gloeosporioides was better inhibited by 20% (v/v) of 

stationary culture filtrate than 20% (v/v) of exponential culture filtrate as shown in 

Figure 4-6.  

 

        4.5.3  Effect of extracellular antifungal metabolites produced by antagonists 

on the morphology of C. gloeosporioides DOAC 1694       

        The hyphal morphology of C. gloeosporioides, grown with PDA amended with 

20% (v/v) of exponential or stationary culture filtrate, was observed under light 

microscope as described in Chapter 3. The microscopic results were revealed in Figure 4-7.   
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Figure 4-7 The hyphal morphology of 4-day-old of C. gloeosporioides, grown on 

PDA plate amended with exponential and stationary culture filtrate 

Streptomyces sp. SRA14 under 40X light microscope.  

  (A) Control (no culture filtrate added) 

         (B) exponential culture filtrate of SRA14;   

         (C) stationary culture filtrate of  SRA14 

 

        Hyphae grew in abnormal shapes such as breaking of cell wall and distortion of 

fungal mycelia was observed (as marked arrow in Figure 4-7 B, C) when cultured 

fungal mycelia on PDA plate amended with 20% (v/v) of either exponential or 

stationary culture filtrates.  

 

        Diane et al. (78) reported that thirteen strains of actinomycete were produced 

metabolites that inhibit Phytophthora growth and found that metabolites were β-1,3, β-

1,4 and β-1,6-glucanases. These enzymes could hydrolyze glucan from Phytophthora 
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cell walls and cause lysis of Phytophthora cells. These enzymes also degraded other 

glucan substrates, sush as cellulose, laminarin, pustulan and yeast cell walls.  

 

        Taechowisan et al.(79) found that Streptomyces aereofaciens CMUAc130 was 

isolated from the root tissue of Zingiber offcinale Rosc. (Zingiberaceae). It was an 

antagonist of Colletotrichum musae and Fusarium oxisporum, the causative agent of 

anthracnose of banana and wilt of wheat, respectively. Microscopic observations 

showed thickness and bulbous structures at the edges of the inhibited fungal hyphae. 

The major active ingredients from the culture filtrate of S. aureofaciens CMUAc130 

were purified by silica gel-column chromatography and identified to be (i) 5,7-

dimethoxy-4-p-methoxylphenylcoumarin and (ii) 5,7-dimethoxy-4-phenylcoumarin by 

NMR and mass-spectral data, respectively. Bioassay studies showed that compounds 

(i) and (ii) had antifungal activities against tested fungi, and their MICs were found to 

be 120 and 150 µg ml-1, respectively. 

 

        Joo (80), Streptomyces halstedii AJ-7 produced extracellular chitinase and caused 

abnormal hyphal morphology. Culture filtrate of P. aeruginosa K-187 caused growth 

aberration, hyphal swelling and lysis on many fungi due to its containing high level of 

chitinase enzyme (81). Leelasuphakul et. al. (82) found that microscopic observations 

of the processes that occur after treatment with Bacillus subtilis NSRS89-24 culture 

filtrates have shown abnormal hyphal swelling, lyses and complete degradation of the 

hyphal tip, and interference with conidial and sclerotial germinations. In addition, 

antifungal antibiotics of S. violaceusniger G10 showed in vitro antagonistic effects 

against F. oxysporum f.sp. cubense such as hyphal swelling and inhibition of spore 

germination (83). 

 

        4.5.4  Stability of extracellular antifungal metabolites on heat and proteinase 

K treatment      

        Found on the results from the in vitro studies, either the combined primary 

antifungal metabolite(s) and secondary antifungal metabolite(s) or secondary 

antifungal metabolite(s) alone play a major role for inhibition of fungal growth. To 

clarify this supposition, exponential and stationary culture filtrates were treated with 
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heat at 100°C for 45 min or 100 μg/ml of proteinase K at 37oC for 1 hr. In vitro 

antifungal bioassay was performed to determine the antifungal activity against C. 

gloeosporioides 

 

 
Figure 4-8  Percentage of mycelium growth inhibition of C. gloeosporioides at 5-day 

by 20% (v/v) of culture filtrate of Streptomyces sp. SRA14 

 

        The results revealed that antifungal activity by heat- and proteinase K-treated 

exponential culture filtrate of Streptomyces sp. SRA14 culture filtrate to tested fungus 

was reduced compared to untreated exponential culture filtrate (as see in Figure 4-8). 

Antifungal potential to C. gloeosporioides by 20% (v/v) exponential culture filtrate of 

Streptomyces sp. SRA14 when heat- and proteinase K-treated was significantly 

decreased 5.5 and 22 folds with a comparison to untreated exponential culture filtrate, 

respectively. Contradictorily, there were no significantly reduced in the percentages of 

inhibition by heat- and proteinase K-treated stationary culture filtrates of Streptomyces 

sp. SRA14 to tested C. gloeosporioides compared to untreated stationary culture 

filtrate. 
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        These results indicated that antifungal potential of exponential culture filtrate was 

related to heat labile proteins as extracellular hydrolytic enzymes that were highly 

produced during exponential phase. Fungal growth inhibition of secondary culture 

filtrate was related to unknown non-proteinous or thermostable proteinous antifungal 

compound(s) rather than hydrolytic enzymes. 

 

        Lim et. al. (84) found that antifungal substances involved in inhibition of F. 

solani by Pseudomonas sp. YPL-1 were presumed to be heat unstable, 

macromolecular substances such as hydrolytic enzymes. In addition, it was reported 

that Streptomyces violaceusniger YCDE9 produced not only the extracellular chitinase 

and β-1,3-glucanase enzymes but it also excreted three antifungal compound including 

guanidylfungin A-like compound (a complex of polyene-like compounds), nigericin (a 

fungistatic polyether) and geldanamycin (a benzoquinoid polyketide) (85). However, 

the chemical structures of extracellular antifungal compound(s) in culture filtrates of 

Streptomyces sp. SRA14 are being investigated.  

 

4.6 Evaluation of the efficiency of potential antagonistic microorganism 

on the protection of anthracnose disease caused by C. gloeosporioides  in 

greenhouse condition 
 

        To evaluate the efficiency of potential antagonistic microorganism on the 

protection of anthracnose disease caused by C. gloeosporioides in greenhouse scale, 

this experiment was divided into 7 treatments (5 replicates in each treatment) as 

previously described in chapter 3 as follows: 

        T1 (negative control)  =  orchid leaves without C. gloeosporioides inoculum   

        T2 (positive control)   =  orchid leaves + C. gloeosporioides inoculum  

        T3  =  orchid leaves + mancozeb + C. gloeosporioides  inoculums 

        T4  =  orchid leaves + exponential cell culture of antagonist +  

                   C. gloeosporioides inoculums 

        T5  =  orchid leaves + stationary cell culture of antagonist +  

                   C. gloeosporioides inoculums 
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        T6  =  orchid leaves + exponential cell-free culture filtrate of antagonist +  

                  C. gloeosporioides  inoculums 

        T7  =  orchid leaves + stationary cell-free culture filtrate of antagonist +  

                   C. gloeosporioides  inoculums 

 

        Treatment 1 and 2 had no any application on orchid leaves. Both treatment 4 and 

5 orchid leaves were treated with exponential and stationary cell culture of antagonist 

then held for 24 hr. In treatment 6 and 7 orchid leaves were treated with exponential 

and stationary cell-free culture filtrate of antagonist and treatment 4 to 7 were 

compared to the antifungal chemical agent (T3). 

        In positive control (T2) the visible foliar symptom of anthracnose disease 

appeared at 2-day after inoculation. At first, anthracnose generally appears on leaves 

as small and irregular yellow, brown, dark-brown, or black spots. The spots can 

expand and merge to cover the whole affected area. The color of the infected part 

darkens as it ages. Then, the symptoms developed daily with the increase in dead 

tissue until the leaves turned to yellow and finally dropped off. 
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Figure 4-9 The visible symptoms of anthracnose disease on Dendrobium sp. orchid   

with different  application on 5-days. 

         T1 (negative control)  =  orchid leaves without C. gloeosporioides inoculum   

         T2 (positive control)   =  orchid leaves + C. gloeosporioides inoculum  

        T3  =  orchid leaves + mancozeb + C. gloeosporioides  inoculums 

        T4  =  orchid leaves + exponential cell culture of antagonist +  

T1 T2 

T3 T4 

T5 T6 

T7 
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                               C. gloeosporioides inoculums 

        T5  =  orchid leaves + stationary cell culture of antagonist +  

                               C. gloeosporioides inoculums 

         T6  =  orchid leaves + exponential cell-free culture filtrate of antagonist +  

                      C. gloeosporioides  inoculums 

         T7  =  orchid leaves + stationary cell-free culture filtrate of antagonist +  

                               C. gloeosporioides  inoculums 

 

Table 4-5  The disease severity index (DSI) of anthracnose disease caused by C. 

gloeosporioides in orchid leaves  

Treatment DSI on 5 day after infection 
T1 1 
T2 5 
T3 2 
T4 2 
T5 2 
T6 3 
T7 2 

 

                        DSI   =   Σ(number of plants X category value)                          
                                                  total number of plants 

 

        The disease severity index (DSI) was significantly (P<0.05) reduced on orchid 

leavels with the exponential (T4), stationary (T5) culture filtrate and cell culture 

filtrate of Streptomyces sp. SRA14 (T6) compared with the absence of the biocontrol 

agent (T2). Application of the culture filtrates of  Streptomyces sp. SRA14 inhibited 

anthracnose disease on orchid leaves, indicating that suppression was due to antifungal 

compounds in the culture filtrate. The stationary culture filtrate was more suppress the 

symptom expression than that of exponential culture filtrate. There were no 

significantly different in the control of anthracnose development on orchid leaves 

between the stationary culture filtrate and chemical fungicide treatment (T3). 

        There were reported that many of Streptomyces  strains have a broad spectrum 

activity against plant fungal pathogen. Getha and Vikineswary (83) reported that 

Streptomycs violaceusniger G10, synonym to S. hygroscopicus, exhibited strong 
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antagonism towards F. oxysporum f.sp. cubense by producing extracellular antifungal 

metabolites. Johnson Le. and Dietz A. (86) studied on antibiotic of Streptomyces 

hygroscopicus var. enhygrus var. nova UC-2397. They found that Scopafungin (U-

29,479) is a crystalline, nonpolyenic antimicrobial agent obtained from the culture 

broth of Streptomyces hygroscopicus var. enhygrus var. nova UC-2397. Scopafungin 

inhibits, in vitro, a variety of pathogenic fungi, yeasts, and gram-positive bacteria. 

Shahrokhi et al. (87) found that the Streptomyces olivaceus strain 115 showed strong 

in vitro antagonistic activity against Rhizoctonia solani in agar disc and well-diffusion 

method by producing extracellular antifungal metabolites. In addition, Wan et al.(88) 

found that two antifungal compounds, phenylethyl alcohol and (+)-epi-

bicyclesesquiphellandrene, were detected in the volatile profile of Streptomyces 

platensis F-1 and suppressed the mycelial growth of   Rhizoctonia solani, Sclerotinia 

sclerotiorum and Botrytis cinerea cause leaf blight/seedling blight of rice, leaf blight 

of oilseed rape and fruit rot of strawberry, respectively 

        These results indicated that  the stationary culture filtrate of Streptomyces sp. 

SRA14 controlled anthracnose disease as effectively as the chemical control. It could 

be suggested that culture filtrate producing by Streptomyces sp. SRA14 could adapted 

to control anthracnose disease in orchid and might be useful as multiple control 

materials against various plant diseases. 
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CHAPTER V 

CONCLUSION AND RECOMMENDATION 

 

 

5.1  Conclusion 

 
        In this study, only strain of potent antagonistic actinomycete, Streptomyces sp. 

SRA14 was selected. It was showed the inhibitory effect against the growth of 

Collectotrichum gloeosporioides that caused anthracnose disease in Dendrobium 

orchid. Cell culture and cell-free culture filtrate of selected actinomycete antagonist 

inhibited phytopathogenic fungus; C. gloeosporioides in the laboratory and 

greenhouse scale. The conclusion can be drawn from this study were as follows: 

 
        5.1.1  Isolation of Indigenous Microorganisms from Orchids and Soils 

        The 201 bacterial strains and 146 actinomycete strains were isolated from healthy 

Dendrobium orchid and soil sample in the same site, respectively. 

 

        5.1.2 Screening of Antagonistic Microorganisms against Colletotrichum 

gloeosporioides DOAC 1694 

        For bacteria, there were 2, 8, 19 and 172 strains showed antagonistic ability by 

growth inhibition of C. gloeosporioides in level +++, ++, + and -, respectively. Two 

strains in level +++ were ORR514 and NBR46 whose percentages of inhibition of 

fungal growth were 93.33% and 86.67%, respectively. Because colony characteristic 

of strain ORR514 showed the typical colony similar to Pseudomonas aeruginosa that 

is human opportunistic pathogen, it was not selected for next studies.  

        For actinomycete, thirty nine strains showed antagonistic ability by growth 

inhibition of C. gloeosporioides in level +++. The only strain showing highest 

antagonistic ability by growth inhibition of C. gloeosporioides (100%) was SRA14. 

        Hence bacterial strain NBR46 and actinomycete strain SRA14 were selected for 

further studies. 
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        5.1.3 Morphological Study and Identification of Potential Antagonistic  

Microorganisms 

        From the Gram staining, bacterial strain NBR46 was Gram negative and rod 

shape. Morphology of bacterial NBR46 cells was also observed by SEM at 10,000X. 

In addition, actinomycete strain SRA14 was Gram positive and filamentous shape. 

The bacterial strain NBR46 and actinomycete strain SRA14 antagonists were 

identified by partial 16S rDNA sequence analysis. The results found that strain 

NBR46 showed a high similarity to Pantoea sp. (95% similarity) from GenBank while 

strain SRA14 showed a high similarity to Streptomyces hygroscopicus (98% 

similarity) from GenBank database. Because Pantoea sp. is phytopathogenic bacteria, 

thus bacterial strain NBR46 was not selected for further studies. 

         

        5.1.4  Microbial Growth Condition and Growth Curve Determination 

        The growth pattern of Streptomyces sp. SRA14 in YMB medium for 9 days has 

been determined. The growth was rapidly increased into exponential phase within 1 

day (2.81 mg/ml). In 1-day of growth period, it was slightly increased and reached the 

stationary phase finally at 3-day of growth period (3.52 mg/ml). Their growth was 

declined until 9 days of growth period. 

 

        5.1.5  Evaluation of the Effect of Potential Antagonistic Microorganisms on 

the Growth of C. gloeosporioides  DOAC 1694 

 

                5.1.5.1 Effect of extracellular antifungal metabolites produced by antagonists 

on the radial growth of C. gloeosporioides DOAC 1694   

                In 1-day of fungal growth period, 10% (v/v) of both exponential and 

stationary culture filtrate of Streptomtces sp. SRA14 showed perfect antifungal ability 

(100%). At 20% (v/v) of both exponential and stationary culture filtrate exhibited also 

perfect antifungal ability (100%) to C. gloeosporioides in 2-day of fungal growth 

period.  
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                5.1.5.2 Effect of extracellular antifungal metabolites produced by antagonists 

on the submerged growth of C. gloeosporioides DOAC 1694   

                Twenty percent (v/v) of stationary culture filtrate inhibited better than 20% 

(v/v) of exponential culture filtrate during 12-hr to 9-day of cultivation period.  

 

                5.1.5.3 Effect of extracellular antifungal metabolites produced by antagonists 

on the morphology of C. gloeosporioides DOAC 1694       

               The effect of extracellular antifungal metabolites produced by the potential 

antagonists on the hyphal morphology of C. gloeosporioides has been studied and 

found that hyphae of C. gloeosporioides grew in abnormal shapes such as breaking of 

cell wall and distortion were observed when cultured fungal mycelia on PDA plate 

amended with 20% (v/v) of either exponential or stationary culture filtrates. 

 

        5.1.6  Stability of extracellular antifungal metabolites on heat and proteinase 

K treatment      

        Exponential and stationary culture filtrates of Streptomyces sp. SRA14 were 

treated with either heat at 100°C for 45 min or 1mg/ml proteinase K for 1 hr. 

Antifungal potential to C. gloeosporioides by 20% (v/v) exponential culture filtrate of 

Streptomyces sp. SRA14 when heat- and proteinase K-treated was significantly 

decreased with a comparison to untreated exponential culture filtrate, respectively. 

There were no significantly reduced in the percentages of inhibition by heat- and 

proteinase K-treated stationary culture filtrates of Streptomyces sp. SRA14 to tested C. 

gloeosporioides compared to untreated stationary culture filtrate.     

 

        5.1.7  Evaluation of the efficiency of potential antagonistic microorganism on 

the protection of anthracnose disease caused by C. gloeosporioides in greenhouse 

scale 

          According to the in vitro antagonism against C.gloeospo- rioides, S. 

hygroscopicus SRA14 was evaluated for in vivo biocontrol of anthracnose disease in 1 

year-old Dendrobium plants. The sizes of visible lesion  on orchid leaves were 

measured for 5 days after fungal  infection. The results in greenhouse study showed  

that the stationary culture filtrate was more suppress the symptom expression than that 
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of exponential culture filtrate. There was no significantly different in the control of 

anthracnose development on orchid leaves between the stationary culture filtrate and 

chemical fungicide treatment 

 

5.2  Recommendation 
        The recommendation can be drawn from this study are as follows: 

                5.2.1 The isolation of antagonistic bacteria and actinomycete should be 

performed in other sources. 

               5.2.2 Chemical structure and properties of extracellular antifungal 

metabolites in cell-free culture filtrates of the antagonistic bacteria and actinomycete 

should be characterized.              

                5.2.3 The effect of selected microorganisms or extracellular antifungal 

metabolites in cell-free culture filtrates on other phytopathogenic fungi should be 

studied. 

                5.2.4 The effect of selected microorganisms or extracellular antifungal 

metabolites in cell-free culture filtrates on C. gloeosporioides causes anthracnose 

disease in other plants. 

                5.2.5 The gene that coded expression of antifungal compound of selected 

microorganisms should be studied 

                5.2.6 Other factors effecting on the antifungal activity and stability of 

extracellular antifungal metabolites in cell-free culture filtrates of these antagonists 

should be studies. 

 

 

 

 

 

Copyright by Mahidol University



Fac. of Grad. Studies, Mahidol Univ.                      M.Sc. (Appro. Techn. for Resou. and Env. Dev.) / 59 

 

REFERENCES 

 

 

1. ศูนยเทคโนโลยีสารสนเทศและการสื่อสาร โดยความรวมมือของกรมศุลกากร. สินคาออกสําคัญ     
ของไทย ในกลุมเกษตร. กรุงเทพฯ: กระทรวงพาณิชย; 2549.    

2.  สํานักงานเศรษฐกิจการเกษตร. สถานการณผลิตและการตลาด. กรุงเทพฯ: กรมวิชาการเกษตร; 
2549.   

3. Bailey JA, O’Connell RJ, Pring RJ and Nash C. Infection stragies of  Colletotrichum 

species. In: Bailey J.A. and Jeger MJ, editors. Colletotrichum : Biology, 

Pathology and Control. UK: BSPP; 1992. p.88-113      

4.  Absence author. Anthracnose [serial online]. [cited 2007 May 19]. Available from:       

http://plantpro.doae.go.th/diseasegroup/Orchids/oanthracnose/or_anthracn

ose.htm 

5.  Edwards SG, Mckay T, Seddon B. Interaction of Bacillus species with 

phytopathogenic fungi-methods of analysis and manipulation for 

biocontrol purpose. In: Blakeman JP, Williamson B, editors. Ecology of 

Plant Pathogens.  UK: Biddles Ltd; 1994. p.101-118.      

6. Cook RJ and Baker KF. The nature and practice of biological control of plant 

pathogens. Minesota.  APS PRESS; 1983. 539p.     

7.  Nautiyal CS. Biocontrol of plant diseases for agriculture sustainabikity.  In: 

Upadhyay RK Mukerji KG and Chamola BP, editors.  Biocontrol potential 

and its exploitation in sustainable agriculture. New York. Kluwer 

Academic/Plenum Publishers; 2000. p.9-23.     

8. Chernin L, Chet I. Microbial Enzymes in the Biocontrol of plant pathogens and 

pests. In: Burns RG, Dick RP, editors. Enzymes in the Environment.     

New York: Marcel Dekker, Inc; 2002. p.171-210 

9. Wolf RH. Orchids. Barrington. Countryside Books A.B. Morse Company ; 1976. 48p.     

10. Larson RA. Introduction to floriculture. New York. Academic  Press, Inc ; 1980. 

636 p.       

Copyright by Mahidol University



Uraiwan  Akrapikulchart                                                                                                 References / 60 

11. Bose TK and Bhattacharjee SK.  Orchids of India. Jessore Road Darbari Udjog.  ;  

1980.  538p    

12. Hew CS and Yong JWH. The physiology of tropical orchids in relation to the 

industry. Newjersey World Scientific; 2004. 370p.    

13. Wild orchids of Thailand [serial online]. [cited 2007 May 19]. Available from: 

http://www.simply-thai.com/thai-market-3D-thai-orchids-wild-orchids.htm 

14. Withner CL. What is an orchid?.In: Jesup HP, Jesup SS, Withner CL, editors. 

Handbook on Orchids. New York. Brooklyn Botanic Garden . 

15. Kamemoto H. and Sagarik R. Beautiful thai orchid species. Thailand. The Orchid 

Society of Thailand; 1975. 186p.    

16. Northen RT. Home orchid growing. New York. Van Nostrand Reinhoid Company; 

1970. 374p    

17. Bose TK, Bhattacharjee SK. Orchids of india. Calcutta: Naya Prokash; 1980. 

18. ฝายไมดอกไมประดับและพืชสมุนไพร. การผลิตกลวยไมเพื่อการสงออก. กรุงเทพฯ:  กรมสงเสริม 
การเกษตร. หนากองสงเสริมพืชพันธุ; 2529. 99น. 

19. Roberts PD, Pernezny KL and Kucharek TA. Anthracnose caused by Colletotrichum 

sp. on pepper[serial online].  [cited 2007 June 1].  Available from: 

http://edis.ifas.ufl.edu/PP104     

20. Berry FH. Anthracnose diseases of eastern hardwoods [serial online].  [cited 2007 

June 1]. Available from: http://www.na.fs.fed.us/spfo/pubs/fidls/anthracnose 

_east/fidl-ae.htm   

21. The Connecticut Agricultural Experiment Station. Anthracnose disease[serial 

online].  [cited 2007 June 1].  Available from: http://www.caes.state.ct.us/ 

PlantPestHandbookFiles/pphO/pphorch.htm 

22. Beckerman JL. Anthracnose of orchid[serial online]. [cited 2007 June 1].  

Available from: http://www.extension.umn.edu/projects/yardandgarden 

/diagnostics/orchidanthracnose.html    

23. กุลฉวี กําจายภัย. โรคและแมลงศัตรูกลวยไม.กรุงเทพ. บริษัทบางกอกฟลาวเวอรเซ็นเตอร จํากัด; 
2526.      

24. Svihra P. Pests in gardens and landscapes :Anthracnose [serial online].  [cited 2007 

June 1].  Available from:  http://www.ipm.ucdavis.edu/PMG/ PESTNOTES/  

pn7420.html      

Copyright by Mahidol University



Fac. of Grad. Studies, Mahidol Univ.                      M.Sc. (Appro. Techn. for Resou. and Env. Dev.) / 61 

25. Thomson SV and Ockey SC. Anthracnose of shade trees    [serial online].  [cited 

2007 June 1].  Available from: http://utahpests.usu.edu/ plantdiseases/htm/ 

ornamental/anthracnose 

26. Bailey J.A. and Jeger MJ. Colletotrichum: Biology, pathology and control. UK. 

BSPP; 1992. 388 p.    

27. Jeffries P and Koomen I. Strategies and prospects for biological control of diseases 

caused by Colletotrichum. In: Bailay JA and Jeger MJ. Colletotrichum: 

Biology, Pathology and Control. UK: BSPP; 1992. p.337-357.      

28. กรมวิชาการเกษตร.  รายงานผลการวิจัยเรื่องเต็มป 2546. กรุงเทพ. กรมวิชาการเกษตร กระทรวง
เกษตรและสหกรณ; 2546.    

29. Sanders GM, Korsten L and Wehner FC. Survey of fungicide sensitivity in 

Colletotrichum gloeosporioides from different avocado and mango 

production areas in South Africa. Plant Pathology; 2000; 106: 745-752.    

30. Biggs AR. Effect of  calcium salt on apple bitter rot caused by two Colletotrichum 

spp .Plant Disease; 1999; 83: 1001-05.     

31. Kang HC, Park YH and Go SJ.  Growth inhibition of a phytopathogenic 

fungus,Colletotrichum species by acetic acid. Microbiology Research; 

2003; 158: 321-326.    

32. Suttun BC.  The genus glomerella and its anamorph Colletotrichum. In: Bailay JA 

and Jeger MJ. Colletotrichum: Biology, pathology and control. UK: BSPP; 

1992. p.1- 16.                                                                                 

33. Dickman MB. Colletotrichum. In: Krunstad JW. Fungal Pathology. Netherlands: 

 Kluwer Academic Publishers; 2000. p.124-146.         

34. Bailey JA, O’Connell RJ,  Pring RJ and Nash C. Infection strategies of 

Colletotrichum species. In: Bailay JA and Jeger MJ. Colletotrichum: 

Biology, Pathology and Control. UK: BSPP; 1992. p. 88-113.                    

35. Dodd JC, Estrada A and Jeger MJ. Epidermiology of Colletotrichum 

gloeosporioides in the tropics. In: Bailay JA and Jeger MJ. Colletotrichum: 

Biology, Pathology and Control. UK: BSPP; 1992. p. 308-325.       

36. Dickman MB.  Colletotrichum gloeosporioides  [serial online].  [cited 2007 May 

13].  Available  from:  http://www.extento.hawaii.edu/Kbase/ crop/ type/ 

c_gloeo.htm                    

Copyright by Mahidol University



Uraiwan  Akrapikulchart                                                                                                 References / 62 

37. Mello AFS, Machado ACZ and Bedendo IP. Development of Colletotrichum 

gloeosporioides isolated from green pepper in different culture media, 

temperatures, and light regimes. Scientia Agricola. (Piracicaba, Braz.); 

2004; 61: 542-44.   

38. Cornell University. Plant Pathology[serial online].  [cited 2007 May 13].  Available  

from: http://www.nysaes.cornell.edu/pp/extension/tfabp/factshts/smallfr/ 

santsmf/sancycle.jpg                       

39. Kuo CK. Germination and appressorium formation in Colletotrichum 

gloeosporioides. Proc. National Science Council. ROC(B); 1999; 23: 126-32.    

40. Driesche RGV, Bellows TS. Biological control . USA: Kluwer Academic Pub; 

1996.   

41. Maier RM, Pepper IL, Garba CP. Environmental microbiology. New York: 

Academic Press. 2000. 

42. Saxena AK, Pal KK, Tilak KVBR. Bacterial biocontrol agents and their role in 

plant disease management. In: Upadhyay RK, Mukerji KG, Chamola BP, 

editors. Biocontrol potential and its exploitation in sustainable agriculture. 

New York: Kluwer Academic/Plenum Plulishers; 2000. p.25-33. 

43. Baker KF, Cook RJ. Biological control of plant pathogens. Minnesota: The 

American Phytopathological society; 1982.  

44. Singh J, Faull JL. Antagonism and biological control. In: Mukerji KG, Garg KL, 

editors. Biocontrol of plant diseases. USA: CRC Press; 1988. p.168-175.    

45. Raaijmakers JM, Vlami M, Souza JTD. Antibiotic production by bacterial 

biocontrol agents. Antonie van Leeuwenhoek. 2002(81): 537–547. 

46. Mundkur BB. Fungi and plant disease. London: Mcmillan and Co. Limited; 1967. 

47. Whipps JM. Microbial interactions and biocontrol in the rhizosphere. Journal of 

Experimental Botany. 2001: 487-511. 

48. Cho SJ, Lee SK, Cha BJ, Kim YH and Shin KS. Detection and characterization of 

the Gloeosporium gloeosporioides growth inhibitory compound iturin A 

from Bacillus subtilis strain KS03. Microbiology Letters; 2003; 223: 47-51. 

49. Baker R. Biological control of plant pathogen: definations. In: Hoy MA and 

Herzog DC, editors. Biological control in agricultural IPM System. 

Florida. Academic Press, Inc; 1985. p.25-39. 

Copyright by Mahidol University



Fac. of Grad. Studies, Mahidol Univ.                      M.Sc. (Appro. Techn. for Resou. and Env. Dev.) / 63 

50. Brimner TA. Boland GJ. A review of the non-target effects of fungi used to 

biologically control plant diseases. Agriculture, Ecosystems and 

Environment; 2003: 100: 3-16. 

51. Pelczar MJ, Chan ECS, Krieg NR. Microbial concepts and applications. USA: 

Mcgraw-Hill Inc; 1993p. 

52. Alexander M. Introduction to soil microbiology. USA: John Wiley & Sons Inc; 

1977. 

53. Dandurand LC, Knudsen GR. Sampling microbes from the rhizosphere and 

phyllosphere. In: Hurst CJ. Crawford RL, Knudson GR, McInerney MJ. 

Stetzenbach LD. Manual of Environmental Microbiology. 2nd edition. 

Washington DC: ASM Press; 2002.  

54. Arai T. What are actinomycetes?. In: The society for actinomycetes. Atlas of 

actinomycetes. Japan: Asukura Publishing Co., Ltd; 1997.  

55. Marvel JK. Biology and control of pepper anthracnose. [Thesis]. Verginia. 

Virginia Polytechnic Institute and State University 

56. ปริญญา จันทรศรี, อุราภรณ สอาดสุด และ วิชชา สอาดสุด. การใชยีสตปฏิปกษรวมกับไคโตซาน 
เพื่อลดการเกิดโรคแอนแทรคโนสบนผลมะมวง. กรุงเทพ. การประชุมวิชาการ
วิทยาศาสตรและเทคโนโลยีแหงประเทศไทย ครั้งที่ 30 สมาคมวิทยาศาสตรแหง
ประเทศไทยในพระบรมราชูปถัมภ 

57. Korsten L, Bezuidenhout JJ and Kotze JM. Biocontrol of avocado postharvest 

diseases. South African Avocado Growers’ Association Yearbook; 1989; 

12: 10-12. 

58. ศิริรัตน ตรีกาญจนวัฒนา, นวลวรรณ ฟารุงสาง , ชลิดา เล็กสมบูรณ และ อุดม ฟารุงสาง.การลด 
ความเสียหายที่เกิดจากโรคแอนแทรคโนสของมะมวงโดยจุลินทรียที่แยกไดจากทรงพุม 
[serial online].  [cited 2007 May 13].  Available from: http://www.phtnet.org /download/ 
FullPaper/pdf/3rdSeminarKu/22.pdf 

59. Mahadtanapuk S, Sanguansermsri M, Cutler RW, Sardsud V and Anuntalabhochai 

S. Control of anthracnose caused by Colletotrichum musae on Curcuma 

alismatifolia gagnep. Using Antagonistic Bacillus spp. American Journal 

of Agricultural and Biological Sciences; 2007; 2: 54-67. 
60. Yoshida S, Shirata A and Hiradate S. Ecological characteristics and biological 

control of mulberry anthracnose. JARQ; 2002; 36: 89-95. 

Copyright by Mahidol University



Uraiwan  Akrapikulchart                                                                                                 References / 64 

61. Junior VL, Maffia LA, Romeiro RDS, Mizubuti ESG. Biocontrol of tomato late 

blight with the combination of epiphytic antagonists and rhizobacteria. 

Biological Control; 2006; 38: 331-340. 

62. Labeda DP, Shearer MC. Isolation of actinomycetes for biotechnological 

applications. In: Labeda DP. Isolation of Biotechnological Organisms from 

Nature. New York: Mcgraw-Hill Company; 1990. p.1-19. 

63. Kitouni M, Boudemagh A, Oulmi L, Reghioua S, Boughachiche F, Zerizer H, et 

al. Isolation of actinomycetes producing bioactive substances from water, 

soil and tree bark samples of the north-east of Algeria. Journal de 

Mycologie Medicale; 2005; 15: 45-51. 

64. Yuan M, Crawford DL. Characterization of Streptomyces lydicus WYEC108 as a 

potential biocontrol agent against fungal root and seed rots. Applied and 

Environmental Microbiology; 1995; 61: 3119-28. 

65. Vattanaviboon P, Praituan W, Mongkolsuk S. Growth phase dependent resistance 

to oxidative stress in a phytopathogen Xanthomonas oryzae pv. oryzae. 

Canadian Journal of Microbiology; 1995; 41: 1043-47. 

66. Chang WT, Chen YC, Jao CL. Antifungal activity and enhancement of plant 

growth by Bacillus cereus growth on shellfish chitin wastes. Bioresource 

Technology; 2006; 98: 1224-30. 

67. Wang SL, Yieh TC, Shih IL. Production of antifungal compounds by 

Pseudomonas aeruginosa K-187 using shrimp and crab shell powder as a 

carbon. Enzyme and Microbial Technology; 1999; 25: 142-8.  

68. El-Tarabily KA, Soliman MH, Nassar AH, Al-Hassani HA, Sivasithamparam K, 

McKenna F, St J Hardy GE. Biological control of Sclerotinia minor using 

a chitinolytic bacterium and actinomycetes. Plant Pathology; 2000; 49: 

573-583. 

69. Basu PK. Relationship between phytophthora root rot severity index and the 

percentage of resistant alfalfa plants. Canadian Plant Disease Survey; 

1988;68: 23-26. 

70. Plotnikova JM, Rahme LG and Ausubel FM. Pathogenesis of the human  

opportunistic pathogen Pseudomonas aeruginosa PA14 in Arabidopsis. 

Plant Physiology; 2000; 124: 1766-1774. 

Copyright by Mahidol University



Fac. of Grad. Studies, Mahidol Univ.                      M.Sc. (Appro. Techn. for Resou. and Env. Dev.) / 65 

71. Kelemu S and Badel JL. In vitro inhibition of Colletotrichum gloeosporioides  and 

other phytopathogenic fungi by an amazonian isolate of Bacillus Subtilis 

and Its Cell-Free Culture Filtrate. Australasian Plant Pathology; 1994; 23: 

41-45. 

72. Supuk Mahadtanapuk, Mondhon Sanguansermsri, Robert W. Cutler, Vicha 

Sardsud and Somboon Anuntalabhochai. Control of anthracnose caused by 

Colletotrichum musae on Curcuma alismatifolia gagnep. Using 

antagonistic Bacillus spp. American Journal of Agricultural and Biological 

sciences; 2007;  2: 54-61. 

73. Park CN, Lee D, Kim W, Hong Y, Ahn JS and Kim BS. Antifungal activity of 

salaceyin A against Colletotrichum orbiculare and Phytophthora capsici. 

Journal of Basic Microbiology; 2007; 47: 332-339. 

74. Taechowisan T, Lu C, Shen Y and Lumyong S. Secondary metabolites from 

endophytic Streptomyces aureofaciens CMUAc130 and their antifungal 

activity. Microbiology; 2005; 151: 1691-1695. 

75. Morohishi T, Nakamura Y, Yamazaki G, Ishida A, Kato N and Ikeda T. The plant 

pathogen Pantoea ananatis produces N-acylhomoserine lactone and causes 

center rot disease of onion by quorum sensing. Journal of Bacteriology; 

2007; 189: 8333-8338. 

76. Kratz A, Greenberg D, Barki Y, Cohen E and Litshitz M. Pantoea agglomerans as 

a cause of septic arthritis after palm tree thorn injury; case report and 

literature  review. Archives of Disease in Childhood; 2003; 88: 542-544. 

77. Tresner HD, Backus EJ and Hayes JA. Morphological spores- types in the 

Streptomyces hygroscopicus - like complex. Applied Microbiology; 1967; 

15: 637-639 

78. Diane vlois, Karine flayad, Tharcisse barasubiye, Marie garon, Claude dery, 

Ryszard brzezinski and Carole beaulieu. Glucanolytic actinomycetes 

antagonistic to Phytophthora fragariae var. rubi, the causal agent of 

raspberry  root rot. Apply and Environmental Microbiology; 1996; 62: 

1630-1635. 

79. Thongchai taechowisan, Chunhua lu, Yuemao shen and Saisamorn lumyong. 

Secondary metabolite from endophytic Streptomyces aereofaciens 

Copyright by Mahidol University



Uraiwan  Akrapikulchart                                                                                                 References / 66 

CMUAc130 and their antifungal activity. Microbiology; 2005; 151: 1691-

1695. 

80. Joo GJ. Production of an anti-fungal substance for biological control of 

Phytophthora capsici causing phytophthora blight in red-peppers by 

Streptomyces halstedii. Biotechnology Letters; 2005; 27: 201-205.   

81. Wang SL, Yieh TC, Shih IL. Production of antifungal compounds by 

Pseudomonas aeruginosa K-187 using shrimp and crab shell powder as a 

carbon. Enzyme and Microbial Technology; 1999; 25: 142-148. 

82. Leelasuphakul W, Sivanunsakul P and Phongphichit S. Purification, characterization 

and synergistic activity of β-1,3 glucanase and antibiotic extract from an 

antagonistic Bacillus subtilis NSRS89-24 against rice blast and  sheath 

blight. Enzyme and microbial technology; 2006; 38: 990-997. 

83. Getha K and Vikineswary S. Antagonistic effects of Streptomyces violaceusniger 

strain G10 on Fusarium oxysporum f. sp. cubense race 4: Indirect evidence 

for the role of antibiosis in the antagonistic process; Journal of Industrial 

Microbiology and Biotechnology; 2002; 28: 303–310. 

84. Lim HS, Kim YS and Kim SD. Pseudomonas stutzeri YPL-1 genetic 

transformation and antifungal mechanism against Fusarium solani, an 

agent of  plant root rot. Applied and environmental microbiology; 1991; 

57: 510-516. 

85. Trejo-Estrada SR, Paszczynski A and Crawford DL. Antibiotics and enzymes   

produced by the antifungal biocontrol agent Streptomyces violaceusniger 

YCED9; Journal of Industrial Microbiology and Biotechnology;  1998; 21: 

81-90. 

86. Leroy E. Johnson and Alma Dietz. Scopafungin a crystalline antibiotic produced 

by Streptomyces hygroscopicus var. enhygrus var. nova. Applied 

Microbiology; 1971; 22: 303-308. 

87. Shahrokhi S., Shahidi Bonjar G.H. and Saadoun I.. Biological control of potato 

isolate of Rhizoctonia solani by Streptomyces olivaceus strain 115. 

Biotechnology; 2005;4: 132-138. 

Copyright by Mahidol University



Fac. of Grad. Studies, Mahidol Univ.                      M.Sc. (Appro. Techn. for Resou. and Env. Dev.) / 67 

88. Mingguo Wan, Guoqing Li, Jibin Zhang, Daohong Jiang and Hung-Chang Huang. 

Effect of volatile substances of Streptomyces platensis F-1 on control of 

plant fungal diseases. Biological Control; 2008;46: 552-559. 

 

 

 

Copyright by Mahidol University



Uraiwan  Akrapikulchart                                                                    Appendix / 68 

 

 

 

 

 

 

 

 

 

 

 

 

APPENDIX 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Copyright by Mahidol University



Fac. of Grad. Studies, Mahidol Univ.                      M.Sc. (Appro. Techn. for Resou. and Env. Dev.) / 69 

 

APPENDIX  A 

CULTURAL  MEDIA 

 

 
1.  Minimal salt medium 

       This medium was prepared by mixing the following ingredients together: 

                MgSO4.7H2O              0.5 g 

                K2HPO4               0.7 g 

                KH2PO4                    0.3 g 

                FeSO4.H2O             0.01 g 

                ZnSO4                                            0.001 g 

                MnCl2                      0.001 g 

                NH4NO3                             1 g 

     Distilled water                 1 L 

        After the medium was mixed together, it was autoclaved at 121oC under pressure 

15 psi for 15 min. 

 

2.  R2A 

        This medium was prepared by mixing the following ingredients together: 

           Yeast extract              0.5 g 

                Proteose peptone No.3             0.5 g 

                Casamino acids              0.5 g 

                Dextrose               0.5 g 

                Soluble starch              0.5 g 

                Sodium pyruvate              0.3 g 

                K2HPO4               0.3 g 

     MgSO4.7H2O            0.05 g 

                Agar                15 g 
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        After the medium was mixed together, it was autoclaved at 121oC under pressure 

15 psi for 15 min. 

 

3.  Starch  casein  agar 

        This medium was prepared by mixing the following ingredients together: 

                Soluble starch                          10 g 

                Casein hydrolysate              0.3 g 

     KNO3                  2 g 

     NaCl                  2 g 

     MgSO4.7H2O            0.05 g 

                CaCO3             0.02 g 

     FeSO4.H2O             0.01 g 

     KH2PO4                  2 g 

                Agar                           15 g 

        After the medium was mixed together, pH was adjusted to 7.0. The medium was 

autoclaved at 121oC under pressure 15 psi for 15 min. Then steriled 100 mg/l of 

ketoconalzole was added to inhibit the fungal growth. 

 

4. Tryptic  soy agar (TSA) 

        This medium was prepared by mixing the following ingredients together: 

                Pancreatic digest of Casein   15 g 

                Enzymatic digest of soy bean meal    5 g 

                NaCl       5 g 

                Agar     15 g 

        After the medium was mixed together, it was autoclaved at 121oC under pressure 

15 psi for 15 min. 

 

5. Yeast  malt  extract  agar (YMA) 

        This medium was prepared by mixing the following ingredients together: 

               Yeast extract                   4 g 

               Malt extract                           10 g 

               Glucose                             4 g 
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               Agar                            18 g 

              Distrilled water                 1 L 

        After the medium was mixed together, it was autoclaved at 121oC under pressure 

15 psi for 15 min. 

 

6. Tryptic  soy  broth  (TSB) 

        This medium was prepared by mixing the following ingredients together: 

                Pancreatic digest of Casein   17 g 

                Enzymatic digest of soy bean meal    3 g 

     Dextrose                          2.5 g 

                NaCl                  5 g 

     K2HPO4               2.5 g 

        After the medium was mixed together, it was autoclaved at 121oC under pressure 

15 psi for 15 min. 

 

7. Oatmeal Agar 

        This medium was prepared by mixing the following ingredients together: 

                Oatmeal                20 g 

     Agar                           18 g 

        Oatmeal was boiled in distilled water until it was mushy. Then, it was filtrated 

pass a sieve. The oatmeal solution was adjusted to 1L by adding distilled water. Agar 

and 1 ml of trace salts solution (Appendix B No.2) was added. The pH was adjusted to 

7.2 with NaOH. Finally, Oatmeal agar was autoclaved at 121oC under pressure 15 psi 

for 15 min.  

 

8. Potato  dextrose  agar (PDA) 

        This medium was prepared by mixing the following ingredients together: 

                Potato (scrabbed and diced)           200 g 

     Dextrose                15 g 

                Agar     20 g 

     Distilled water      1 L 
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        New potatoes should be avoided. Potatoes were boiled for 1 hr. Then the mixture 

was passes through a fine sieve, agar was added and boiled until dissolved. Finally, the 

mixture was added with dextrose and stirred. The medium was autoclaved at 121oC 

under pressure 15 psi for 15 min.  

 

9. Yeast  malt  extract  broth (YMB) 

        This medium was prepared by mixing the following ingredients together: 

               Yeast extract                  4 g 

               Malt extract                           10 g 

               Glucose                             4 g 

               Distilled water                 1 L 

        After the medium was mixed together, it was autoclaved at 121oC under pressure 

15 psi for 15 min. 

 

10. Trace salt solution 

        This chemical agent was prepared by mixing the following ingredients together: 

                FeSO4.7H2O      0.1 g  

                MnCl2.4H2O              0.1 g 

                ZnSO4. 7H2O      0.1 g 

                Distilled water                 100 ml 
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APPENDIX  B 

CHEMICAL  AGENTS 

 

 
1.  Lactophenol cotton blue 

         This chemical agent was prepared by mixing the following ingredients together: 

                Phenol       200 g 

                Cotton blue        0.5 g 

                Glycerol                                      400 ml 

                Lactic acid       200 ml 

                Deionized water      200 ml 

         

 

Copyright by Mahidol University



Uraiwan  Akrapikulchart                                                                                                  Appendix / 74 

 

APPENDIX  C 

DATA  RESULTS 

 

 
1.  Screening of Antagonistic Bacteria against Colletotrichum gloeosporioides   

     DOAC 1694 

Bacterial code Level of fungal growth 
inhibition*  % fungal growth inhibition 

SPB21 - 0.00
SPB22 - 0.00
SPB23 - 0.00
SPB24 - 0.00
SPB25 - 0.00
SPB26 - 0.00
SPB27 - 0.00
SPR21 - 0.00
SPR22 - 0.00
SPR23 - 0.00
SPR24 + 20.00
SPR25 + 26.67
SPR26 - 0.00
SPR27 - 0.00
SPR28 - 0.00
SPR29 ++ 60.00
SPR210 - 0.00
SPR211 - 0.00
SPL31 - 13.33
SPL32 - 0.00
SPB31 - 0.00
SPB32 - 6.67
SPB33 - 0.00
SPB34 - 0.00
SPB35 - 0.00
SPB36 - 0.00
SPB37 - 0.00
SPB38 - 0.00
SPB39 - 0.00

* -  =  Δγ  ≤  0.25 cm, +  =  0.25 <  Δγ ≤ 0.5 cm, ++  =  0.5 < Δγ  ≤ 1 cm, +++ = Δγ > 1 cm    
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1.  Screening of Antagonistic Bacteria against Colletotrichum gloeosporioides 

DOAC 1694 (Continued) 

Bacterial code Level of fungal growth 
inhibition* % fungal growth inhibition 

SPR31 + 20.00
SPR32 - 0.00
SPR33 - 13.33
SPR34 + 26.67
SPR35 - 0.00
SPR36 - 0.00
SPR37 - 0.00
SPR38 - 0.00
SPR39 - 0.00
SPR310 - 0.00
SPR311 - 0.00
SPR312 - 0.00
SPR41 - 0.00
SPR42 - 0.00
SPR43 - 0.00
SPR44 + 33.33
SPR45 - 0.00
SPR46 ++ 46.67
SPR47 + 20.00
SPL51 - 0.00
SPR51 + 20.00
SPR52 - 0.00
SPR53 - 0.00
SPR54 + 33.33
SPR55 - 0.00
SPR56 - 20.00
SPR57 - 0.00
SPR58 - 0.00
SPR59 - 20.00
KPL11 - 0.00
KPR11 - 0.00
KPR12 ++ 53.33
KPR13  + 26.67
KPR14 - 0.00
KPR15 - 0.00
KPL21 - 0.00
KPB21 - 0.00

* 0  =  Δγ  ≤  0.25 cm, +  =  0.25 <  Δγ ≤ 0.5 cm, ++  =  0.5 < Δγ  ≤ 1 cm, +++ = Δγ > 1 cm    
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1. Screening of Antagonistic Bacteria against Colletotrichum gloeosporioides 

DOAC 1694 (Continued) 

Bacterial code Level of fungal growth 
inhibition* % fungal growth inhibition 

KPB22 - 0.00
KPB23 - 0.00
KPB24 - 0.00
KPB25 - 0.00
KPB26 - 0.00
KPB27 - 13.33
KPB28 - 0.00
KPL31 ++ 53.33
KPL32 - 0.00
KPB31 - 0.00
KPB32 - 0.00
KPB33 - 0.00
KPB34 - 13.33
KPB35 - 0.00
KPB36 - 0.00
KPB37 - 0.00
KPL41 - 0.00
KPL42 - 0.00
KPL43 - 0.00
KPB41 - 0.00
KPB42 - 0.00
KPB43 - 0.00
KPB44 - 0.00
KPB45 - 0.00
KPB46 - 0.00
KPB47 - 0.00
KPR41 - 0.00
KPR42 - 0.00
KPR43 - 0.00
KPR44 - 0.00
KPR45 - 13.33
KPR46 - 0.00
KPR47 - 0.00
KPR48 - 0.00
KPR49 - 0.00
KPR410 - 0.00
KPR411 - 0.00

* -  =  Δγ  ≤  0.25 cm, +  =  0.25 <  Δγ ≤ 0.5 cm, ++  =  0.5 < Δγ  ≤ 1 cm, +++ = Δγ > 1 cm    
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1.  Screening of Antagonistic Bacteria against Colletotrichum gloeosporioides 

DOAC 1694 (Continued) 

Bacterial code Level of fungal growth 
inhibition* % fungal growth inhibition 

KPR412 - 0.00
KPR413 - 0.00
KPR414 - 0.00
KPR415 - 0.00
KPL51 + 20.00
KPL52 - 0.00
KPL53 - 0.00
KPL54 - 0.00
KPL55 - 0.00
KPL56 - 0.00
KPL57 - 0.00
KPL58 + 20.00
KPR51 - 0.00
KPR52 - 13.33
KPR53 - 0.00
KPR54 ++ 60.00
KPR55 - 0.00
KPR56 - 0.00
KPR57 - 0.00
KPR58 - 0.00
KPR59 - 0.00
KPR510 - 0.00
KPR511 - 0.00
KPR512 - 0.00
KPR513 - 0.00
NBL11 - 0.00
NBB11 - 0.00
NBB12 - 0.00
NBB13 - 0.00
NBB14 - 0.00
NBB15 - 0.00
NBB16 - 0.00
NBR11 + 26.67
NBR12 - 0.00
NBR13 - 0.00
NBR14 - 0.00
NBR21 - 0.00

* -  =  Δγ  ≤  0.25 cm, +  =  0.25 <  Δγ ≤ 0.5 cm, ++  =  0.5 < Δγ  ≤ 1 cm, +++ = Δγ > 1 cm    
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1.  Screening of Antagonistic Bacteria against Colletotrichum gloeosporioides 

DOAC 1694 (Continued) 

Bacterial code Level of fungal growth 
inhibition* % fungal growth inhibition 

NBR22 - 0.00
NBR23 - 0.00
NBR24 - 0.00
NBR25 - 0.00
NBR26 - 0.00
NBR27 - 0.00
NBR28 - 0.00
NBR29 - 0.00
NBR210 - 0.00
NBR211 - 0.00
NBR212 - 0.00
NBR213 - 0.00
NBR214 - 0.00
NBB31 - 0.00
NBB32 - 0.00
NBB33 - 0.00
NBB34 - 0.00
NBB35 - 0.00
NBB36 - 0.00
NBR41 +++ 73.33
NBR42 - 0.00
NBR43 - 0.00
NBR44 - 0.00
NBR45 - 0.00
NBR46 +++ 86.67
NBR47 ++ 66.67
NBR48 - 13.33
NBR49 - 0.00
NBR410 - 0.00
RBR11 - 0.00
RBR12 - 0.00
RBR13 - 0.00
RBR14 - 0.00
RBR15 + 20.00
RBR16 - 0.00
RBR17 - 0.00
RBR18 - 0.00

* -  =  Δγ  ≤  0.25 cm, +  =  0.25 <  Δγ ≤ 0.5 cm, ++  =  0.5 < Δγ  ≤ 1 cm, +++ = Δγ > 1 cm    
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1. Screening of Antagonistic Bacteria against Colletotrichum gloeosporioides 

DOAC 1694 (Continued) 

Bacterial code Level of fungal growth 
inhibition* % fungal growth inhibition 

RBR19 - 0.00
RBR110 - 13.33
RBR111 - 13.33
RBR112 - 0.00
PMR11 - 0.00
PMR12 - 0.00
PMR13 - 0.00
PMB31 - 0.00
PMB32 - 0.00
PMB33 - 0.00
PMB34 - 0.00
PMB35 - 0.00
PMB36 - 0.00
PMR31 ++ 46.67
PMR32 + 26.67
PMR33 - 13.33
PMR34 - 0.00
PMR35 + 33.33
PMR51 - 0.00
PMR52 ++ 53.33
PMR53 - 0.00
ORR514 +++ 93.33
ORR31 + 33.33
ORR49 + 33.33

* - = ∆γ ≤ 0.25 cm, +  =  0.25 < ∆γ ≤ 0.5 cm, ++ = 0.5 < ∆γ ≤ 1 cm, +++ = ∆γ > 1 cm 

2.  Screening of Antagonistic Actinimycete against Colletotrichum gloeosporioides 

DOAC 1694 

Actinomycete code Level of fungal growth 
inhibition* % fungal growth inhibition 

SOA11 - 6.67
SOA12 +++ 80.00
SOA13 +++ 93.33
SOA14 +++ 80.00
SOA15 - 6.67
SOA16 ++ 46.67

* 0  =  Δγ  ≤  0.25 cm, +  =  0.25 <  Δγ ≤ 0.5 cm, ++  =  0.5 < Δγ  ≤ 1 cm, +++ = Δγ > 1 cm  

Copyright by Mahidol University



Uraiwan  Akrapikulchart                                                                                                  Appendix / 80 

2.  Screening of Antagonistic Actinimycete against Colletotrichum gloeosporioides 

DOAC 1694 (Continued) 

Actinomycete code Level of fungal growth 
inhibition* % fungal growth inhibition 

SOA17 ++ 66.67
SOA21 + 33.33
SOA22 +++ 80.00
SOA23 + 33.33
SOA24 +++ 86.67
SOA25 ++ 40.00
SOA26 +++ 73.33
SOA27 - 13.33
SOA28 + 20.00
SOA29 - 6.67
SOA31 + 20.00
SOA32 ++ 46.67
SOA33 ++ 53.33
SOA34 ++ 53.33
SOA35 ++ 40.00
SOA36 + 33.33
SOA37 +++ 80.00
SOA38 +++ 73.33
SOA39 +++ 80.00
SOA310 +++ 73.33
SOA311 ++ 46.67
SOA312 - 6.67
SOA41 +++ 93.33
SOA42 ++ 60.00
SOA43 ++ 46.67
SOA44 + 26.67
SOA45 ++ 40.00
SOA46 ++ 46.67
SOA47 + 33.33
SOA48 ++ 40.00
SOA49 +++ 73.33
SOA410 + 26.67
SOA411 + 20.00
SOA51 +++ 73.33
SOA52 ++ 66.67
SOA53 ++ 60.00
SOA54 ++ 60.00

* -  =  Δγ  ≤  0.25 cm, +  =  0.25 <  Δγ ≤ 0.5 cm, ++  =  0.5 < Δγ  ≤ 1 cm, +++ = Δγ > 1 cm   
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2.  Screening of Antagonistic Actinimycete against Colletotrichum gloeosporioides 

DOAC 1694 (Continued) 

Actinomycete code Level of fungal growth 
inhibition* % fungal growth inhibition 

SOA55 ++ 60.00
SOA56 ++ 46.67
SOA57 ++ 60.00
SOA58 ++ 53.33
SOA59 ++ 46.67
SOA61 ++ 46.67
SOA62 + 20.00
SOA63 - 13.33
SOA64 + 20.00
SOA65 - 6.67
SOA66 + 26.67
SOA67 + 26.67
SOA71 ++ 40.00
SOA72 +++ 86.67
SOA73 + 33.33
SOA74 +++ 93.33
SOA75 ++ 53.33
SOA76 ++ 53.33
SOA81 + 20.00
SOA82 + 33.33
SRA11 +++ 86.67
SRA12 ++ 46.67
SRA13 ++ 60.00
SRA14 +++ 100.00
SRA15 +++ 80.00
SRA16 +++ 86.67
SRA17 +++ 86.67
SAA14 +++ 80.00
SAA15 ++ 40.00
SAA17 + 26.67
SAA18 + 33.33
SAA19 + 26.67
SAA21 + 20.00
SAA22 ++ 46.67
SAA23 ++ 40.00
SAA24 - 13.33
SAA25 + 33.33

* -  =  Δγ  ≤  0.25 cm, +  =  0.25 <  Δγ ≤ 0.5 cm, ++  =  0.5 < Δγ  ≤ 1 cm, +++ = Δγ > 1 cm   
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2. Screening of Antagonistic Actinimycete against Colletotrichum gloeosporioides 

DOAC 1694 (Continued) 

Actinomycete code Level of fungal growth 
inhibition* % fungal growth inhibition 

SAA27 - 6.67
SAA29 +++ 86.67
SAA210 ++ 60.00
M11 + 26.67
M12 + 20.00
M13 - 13.33
M14 + 33.33
M15 - 13.33
M16 + 20.00
M17 + 26.67
M18 ++ 60.00
M19 - 6.67
M32 +++ 86.67
M35 - 0.00
M41 ++ 60.00
M42 - 0.00
M43 ++ 40.00
M44 - 13.33
M45 ++ 46.67
M46 + 26.67
M47 + 26.67
T12 + 20.00
T13 - 13.33
T14 + 20.00
T21 +++ 73.33
T22 ++ 60.00
T23 ++ 60.00
T31 ++ 46.67
T33 - 13.33
T34 + 26.67
T35 +++ 86.67
T36 - 13.33
T37 + 33.33
T38 + 26.67
T39 ++ 40.00
T311 ++ 46.67
T42 +++ 73.33

* -  =  Δγ  ≤  0.25 cm, +  =  0.25 <  Δγ ≤ 0.5 cm, ++  =  0.5 < Δγ  ≤ 1 cm, +++ = Δγ > 1 cm   
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2.  Screening of Antagonistic Actinimycete against Colletotrichum gloeosporioides 

DOAC 1694 (Continued) 

Actinomycete code Level of fungal growth 
inhibition* % fungal growth inhibition 

T43 ++ 60.00
T45 +++ 86.67
TT406 +++ 73.33
TT411 +++ 86.67
TT419 + 20.00
TT428 +++ 86.67
TT430 +++ 86.67
TT431 + 33.33
TT432 ++ 46.67
TT436 - 0.00
TT437 ++ 40.00
L8 ++ 46.67
L91 ++ 66.67
L92 + 33.33
L93 +++ 80.00
LP1 (หมาก) +++ 80.00
LP2 (หมาก) ++ 86.67
L17 ++ 46.67
L20 +++ 86.67
PP502 ++ 53.33
PP503 +++ 86.67
PP506 +++ 80.00
PP518 ++ 60.00
PP519 +++ 86.67
PP522 ++ 66.67
CK108 - 6.67
CK113 ++ 60.00
CK138 +++ 86.67
MG1 (ชายเลน) ++ 40.00

* -  =  Δγ  ≤  0.25 cm, +  =  0.25 <  Δγ ≤ 0.5 cm, ++  =  0.5 < Δγ  ≤ 1 cm, +++ = Δγ > 1 cm   
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3.  Partial 16S rDNA sequence of selected microorganisms 

        3.1  Analysis of partial 16S rDNA sequence of NBR46 strain using BLAST 
program from NCBI data base  

EU741041. Reports   Pantoea sp. FeL17...[gi:190351690] 
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        3.2 Analysis of partial 16S rDNA sequence of SRA14 strain using BLAST 
program from NCBI data base 

AB184760. Reports   Streptomyces hygr...[gi:90960581] 
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4.  Growth curve determination in Streptomyces sp. SRA14 

Growth period 
(days) 

Cell dry 
weight 1 
(mg/ml) 

Cell dry 
weight 2 
(mg/ml) 

Cell dry 
weight 3 
(mg/ml) 

Average S.D. 

0 0.0000 0.0000 0.0000 0.0000 0.0000 
0.5 1.2300 1.3500 1.7100 1.4300 0.0707 
1 2.4420 2.6400 3.3333 2.8050 0.0778 
2 3.2140 3.4200 4.0760 3.5700 0.3507 
3 3.3080 3.5100 3.7420 3.5200 0.0184 
5 2.4310 2.4300 2.7350 2.5320 0.2206 
7 2.2180 1.9990 1.9110 1.8200 0.1867 
9 2.1690 1.1200 1.4410 1.5767 0.0771 

 

5.  Effect of extracellular antifungal metabolites produced by antagonists on the 

radial growth of C. gloeosporioides 

 
        5.1  Exponential culture filtrates of Streptomyces sp. SRA14 

 

        Control C. gloeosporioides 
Growth  

period (days) 
Colony Ø 1 

(cm) 
Colony Ø 2 

(cm) 
Colony Ø 3 

(cm) 
Average S.D. 

0 0.6 0.6 0.6 0.6 0.000 
1 1.0 1.0 1.0 1.0 0.000 
2 1.8 1.8 1.8 1.8 0.000 
3 4.2 4.2 4.2 4.2 0.000 
4 5.2 5.2 5.2 5.2 0.000 
5 7.0 7.0 7.0 7.0 0.000 
6 8.2 8.2 8.2 8.2 0.000 

 

        10% (v/v)  
Growth  

period (days) 
Colony Ø 1 

(cm) 
Colony Ø 2 

(cm) 
Colony Ø 3 

(cm) 
Average S.D. 

0 0.6 0.6 0.6 0.6 0.000 
1 0.6 0.6 0.6 0.6 0.000 
2 1.6 1.5 1.6 1.57 0.058 
3 3.0 2.9 3.0 2.97 0.058 
4 4.4 4.3 4.4 4.37 0.058 
5 6.0 5.8 6.0 5.93 0.115 
6 7.4 7.4 7.4 7.4 0.000 
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        20% (v/v) 
Growth  

period (days) 
Colony Ø 1 

(cm) 
Colony Ø 2 

(cm) 
Colony Ø 3 

(cm) 
Average S.D. 

0 0.6 0.6 0.6 0.6 0.000 
1 0.6 0.6 0.6 0.6 0.000 
2 0.6 0.6 0.6 0.6 0.000 
3 1.4 1.4 1.6 1.47 0.115 
4 3.6 3.5 3.5 3.53 0.058 
5 4.8 4.8 4.8 4.80 0.000 
6 6.0 6.0 6.0 6.0 0.000 

 
        30% (v/v) 

Growth  
period (days) 

Colony Ø 1 
(cm) 

Colony Ø 2 
(cm) 

Colony Ø 3 
(cm) 

Average S.D. 

0 0.6 0.6 0.6 0.6 0.000 
1 0.6 0.6 0.6 0.6 0.000 
2 0.6 0.6 0.6 0.6 0.000 
3 1.0 1.0 1.0 1.0 0.000 
4 2.6 2.5 2.6 2.57 0.058 
5 3.8 3.7 3.8 3.77 0.058 
6 5.0 4.9 5.0 4.97 0.058 

 

        40% (v/v) 
Growth  

period (days) 
Colony Ø 1 

(cm) 
Colony Ø 2 

(cm) 
Colony Ø 3 

(cm) 
Average S.D. 

0 0.6 0.6 0.6 0.6 0.000 
1 0.6 0.6 0.6 0.6 0.000 
2 0.6 0.6 0.6 0.6 0.000 
3 1.0 1.0 1.0 1.0 0.000 
4 2.6 2.6 2.6 2.6 0.000 
5 3.8 3.8 3.8 3.8 0.000 
6 4.8 4.8 4.8 4.8 0.000 

 

        5.2  Stationary culture filtrates of Streptomyces sp. SRA14 

        
        10% (v/v) 

Growth  
period (days) 

Colony Ø 1 
(cm) 

Colony Ø 2 
(cm) 

Colony Ø 3 
(cm) 

Average S.D. 

0 0.6 0.6 0.6 0.6 0.000 
1 0.6 0.6 0.6 0.6 0.000 
2 1.2 1.2 1.4 1.27 0.115 
3 2.6 2.6 2.6 2.6 0.000 
4 3.6 3.6 3.8 3.67 0.115 
5 5.8 5.6 5.6 5.67 0.115 
6 7 7 7 7 0.000 
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        20% (v/v) 
Growth  

period (days) 
Colony Ø 1 

(cm) 
Colony Ø 2 

(cm) 
Colony Ø 3 

(cm) 
Average S.D. 

0 0.6 0.6 0.6 0.6 0.000 
1 0.6 0.6 0.6 0.6 0.000 
2 0.6 0.6 0.6 0.6 0.000 
3 1.4 1.4 1.4 1.4 0.000 
4 2.6 2.8 2.8 2.73 0.115 
5 4 4 4 4 0.000 
6 5 5 5 5 0.000 

 

        30% (v/v) 
Growth  

period (days) 
Colony Ø 1 

(cm) 
Colony Ø 2 

(cm) 
Colony Ø 3 

(cm) 
Average S.D. 

0 0.6 0.6 0.6 0.6 0.000 
1 0.6 0.6 0.6 0.6 0.000 
2 0.6 0.6 0.6 0.6 0.000 
3 0.8 0.8 0.7 0.77 0.058 
4 2 2 1.8 1.93 0.115 
5 2.6 2.6 2.6 2.6 0.000 
6 3.6 3.6 3.6 3.6 0.000 

 

        40% (v/v) 
Growth  

period (days) 
Colony Ø 1 

(cm) 
Colony Ø 2 

(cm) 
Colony Ø 3 

(cm) 
Average S.D. 

0 0.6 0.6 0.6 0.6 0.000 
1 0.6 0.6 0.6 0.6 0.000 
2 0.6 0.6 0.6 0.6 0.000 
3 0.6 0.6 0.6 0.6 0.000 
4 0.6 0.6 0.6 0.6 0.000 
5 0.8 0.8 0.8 0.8 0.000 
6 1.2 1.2 1.2 1.2 0.000 

 

6.  Effect of extracellular antifungal metabolites produced by Streptomyces sp. 

SRA14 on the submerged growth of C. gloeosporioides 

 
        Control 

Growth  period 
(days) 

Cell dry weight 1 
(mg/ml) 

Cell dry weight 2 
(mg/ml) Average S.D. 

0 0.000 0.000 0.000 0.0000 
0.5 0.026 0.011 0.019 0.0107 
1 0.039 0.023 0.031 0.0112 
2 0.081 0.076 0.078 0.0034 
3 0.121 0.117 0.119 0.0030 
5 0.123 0.128 0.125 0.0035 
7 0.150 0.137 0.143 0.0091 
9 0.176 0.159 0.167 0.0120 
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        20% (v/v) exponential culture filtrates  
Growth  period 

(days) 
Cell dry weight 1 

(mg/ml) 
Cell dry weight 2 

(mg/ml) Average S.D. 

0 0.000 0.000 0.000 0.000 
0.5 0.010 0.008 0.012 0.0014 
1 0.027 0.024 0.026 0.0021 
2 0.043 0.048 0.052 0.0035 
3 0.089 0.052 0.085 0.0262 
5 0.098 0.072 0.093 0.0184 
7 0.098 0.070 0.105 0.0198 
9 0.121 0.068 0.118 0.0375 

 
        20% (v/v) stationary culture filtrates  

Growth  period 
(days) 

Cell dry weight 1 
(mg/ml) 

Cell dry weight 2 
(mg/ml) Average S.D. 

0 0.000 0.000 0.000 0.000 
0.5 0.025 0.008 0.017 0.0120 
1 0.060 0.020 0.040 0.0283 
2 0.081 0.028 0.055 0.0375 
3 0.087 0.055 0.071 0.0226 
5 0.111 0.062 0.087 0.0346 
7 0.115 0.070 0.093 0.0318 
9 0.025 0.082 0.054 0.0403 

 

7. Stability of extracellular antifungal metabolites on heat and proteinase K 

treatment 

 
        -  Exponential culture filtrate of strain SRA14 

ANOVA

value

7.842 2 3.921 185.737 .000
.127 6 .021

7.969 8

Between Groups
Within Groups
Total

Sum of
Squares df Mean Square F Sig.

 
Post Hoc Test 
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        -  Stationary culture filtrate of strain SRA14 

ANOVA

value

.009 2 .004 4.000 .079

.007 6 .001

.016 8

Between Groups
Within Groups
Total

Sum of
Squares df Mean Square F Sig.

 
 
Post Hoc Test 

 
 
8. Evaluation of the efficiency of potential antagonistic microorganism on the 

protection of anthracnose disease caused by C. gloeosporioides  in greenhouse 

scale 

 

Multiple Comparisons 
Dependent Variable: value 
LSD 

-1.83333 * .11863 .000 -2.1236 -1.5430 
-2.10000 * .11863 .000 -2.3903 -1.8097 
1.83333 * .11863 .000 1.5430 2.1236 
-.26667 .11863 .066 -.5570 .0236 
2.10000 * .11863 .000 1.8097 2.3903 
.26667 .11863 .066 -.0236 .5570 

(J)culfilt 
heat 
proteinase K 
untreated 
proteinase K 
untreated 
heat 

(I) culfil 
untreated

heat 

proteinase K 

Mean 
Difference 

(I-J) Std. Error Sig. Lower Bound Upper Bound 
95% Confidence Interval 

The mean difference is significant at the .05 level. *. 

Multiple Comparisons 
Dependent Variable: value 
LSD 

.00000 .01361 1.000 -.0333 .0333 
-.01667 .01361 .267 -.0500 .0166 
.00000 .01361 1.000 -.0333 .0333 

-.01667 .01361 .267 -.0500 .0166 
.01667 .01361 .267 -.0166 .0500 
.01667 .01361 .267 -.0166 .0500 

(J)culfill 
heat 
proteinase K 
untreated 
proteinase K 
untreated 
heat 

(I) culfil
untreated 

heat 

proteinase K 

Mean 
Difference 

(I-J) Std. Error Sig. Lower Bound Upper Bound 
95% Confidence Interval 
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ANOVA

diameter

164.322 6 27.387 2738.695 .000
.280 28 .010

164.602 34

Between Groups
Within Groups
Total

Sum of
Squares df Mean Square F Sig.

 
 
 
 
 
Post Hoc Tests 
 

Multiple Comparisons 
 
Dependent Variable: diameter  
LSD  

95% Confidence Interval 
(I) treatment (J) treatment Mean Difference (I-J) Std. Error Sig. Lower Bound Upper Bound

1 2 -6.92000(*) 0.06325 0 -7.0496 -6.7904
  3 -1.04000(*) 0.06325 0 -1.1696 -0.9104
  4 -1.12000(*) 0.06325 0 -1.2496 -0.9904
  5 -1.04000(*) 0.06325 0 -1.1696 -0.9104
  6 -3.08000(*) 0.06325 0 -3.2096 -2.9504
  7 -1.06000(*) 0.06325 0 -1.1896 -0.9304

2 1 6.92000(*) 0.06325 0 6.7904 7.0496
  3 5.88000(*) 0.06325 0 5.7504 6.0096
  4 5.80000(*) 0.06325 0 5.6704 5.9296
  5 5.88000(*) 0.06325 0 5.7504 6.0096
  6 3.84000(*) 0.06325 0 3.7104 3.9696
  7 5.86000(*) 0.06325 0 5.7304 5.9896

3 1 1.04000(*) 0.06325 0 0.9104 1.1696
  2 -5.88000(*) 0.06325 0 -6.0096 -5.7504
  4 -0.08 0.06325 0.216 -0.2096 0.0496
  5 0 0.06325 1 -0.1296 0.1296
  6 -2.04000(*) 0.06325 0 -2.1696 -1.9104
  7 -0.02 0.06325 0.754 -0.1496 0.1096

4 1 1.12000(*) 0.06325 0 0.9904 1.2496
  2 -5.80000(*) 0.06325 0 -5.9296 -5.6704
  3 0.08 0.06325 0.216 -0.0496 0.2096
  5 0.08 0.06325 0.216 -0.0496 0.2096
  6 -1.96000(*) 0.06325 0 -2.0896 -1.8304
  7 0.06 0.06325 0.351 -0.0696 0.1896

5 1 1.04000(*) 0.06325 0 0.9104 1.1696
  2 -5.88000(*) 0.06325 0 -6.0096 -5.7504
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Multiple Comparisons (cont.) 
 
Dependent Variable: diameter  
LSD  

95% Confidence Interval 
(I) treatment (J) treatment Mean Difference (I-J) Std. Error Sig. Lower Bound Upper Bound
  3 0 0.06325 1 -0.1296 0.1296
  4 -0.08 0.06325 0.216 -0.2096 0.0496

  
6 -

2.04000(*) 0.06325 0 -2.1696 -1.9104
  7 -0.02 0.06325 0.754 -0.1496 0.1096

6 1 3.08000(*) 0.06325 0 2.9504 3.2096

  
2 -

3.84000(*) 0.06325 0 -3.9696 -3.7104
  3 2.04000(*) 0.06325 0 1.9104 2.1696
  4 1.96000(*) 0.06325 0 1.8304 2.0896
  5 2.04000(*) 0.06325 0 1.9104 2.1696
  7 2.02000(*) 0.06325 0 1.8904 2.1496

7 1 1.06000(*) 0.06325 0 0.9304 1.1896

  
2 -

5.86000(*) 0.06325 0 -5.9896 -5.7304
  3 0.02 0.06325 0.754 -0.1096 0.1496
  4 -0.06 0.06325 0.351 -0.1896 0.0696
  5 0.02 0.06325 0.754 -0.1096 0.1496

  
6 -

2.02000(*) 0.06325 0 -2.1496 -1.8904
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