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ABSTRACT

Phytophthora root rots are being major problem of citrus industry in Thailand.
In this research, six isolates were found and divided into 2 groups, 3 slow-growing and
3 fast-growing isolates of Phytophthora spp. from samples in Chachoengsao province
and Bangkok, Thailand, respectively. Based on morphological characteristics and ITS
ribosomal DNA sequence analysis, the slow-growing isolates were identified as
Phytophthora palmivora. Meanwhile, the fast-growing isolates were identified as
Phytophthora nicotianae. All obtained isolates showed high virulence for pomelo
seedlings in pathogenicity test.

Isolates P. palmivora PHY02 and P. nicotianae KAl were tested against
Chaetomium spp. as biological control agents. Chaetomium globosum CGOS,
Chaetomium lucknowense CLO1 and Chaetomium cupreum CC3003 inhibited 50 —
61% of colony growth, 92 — 99% of spore production of P. palmivora PHY02, and 50
— 56% of colony growth of P. nicotianae KA1, in bi-culture tests. Especially, all the

tested antagonists grew over, parasitized hyphae and degraded colony of the tested



pathogens. Furthermore, all crude extracts of the tested Chaetomium spp. exhibited
antifungal activity on mycelial growth (effective dose ED,, values of 26.5 — 2,495
pg/mL) and spore formation (ED,;: 2.3 — 307.9 pg/mL) of P. palmivora PHY02, in
vitro. The crude extracts even showed more strongly antifungal activity on mycelial
growth of P. nicotianae KAlwith ED,; values of 2.6 — 101.4 pg/mL. It is suggested
that both antibiosis and mycoparasitism mechanisms involved in bioactivities of the
tested Chaetomium spp. against P. palmivora PHYO02 and P. nicotianae KA.

Moreover, Chaetomium spp. and their crude extracts reduced 38 — 66% root
rot, and increased 27 — 91% dry weight of plants inoculated with P. palmivora PHY02,
compared to the inoculated control seedlings. In cases of seedlings inoculated with P.
nicotianae KAland treated with Chaetomium spp. and their crude extracts, root rot
rates were reduced by 66 — 73% and dry plant weight increased by 72 — 85%. More
interestingly, in most cases during the in vivo trials, the spores of tested antagonists
gave the same or even better positive effects in controlling P. nicotianae KAland P.
palmivora PHY02 than their crude extracts. Thus, using spores of these antagonists to
control Phytophthora pomelo root rots may provide a simple and cconomical
approach, and may be easier to use in large-scale applications than crude extracts as
fungicides.

It is particularly noble that C. lucknowense is reported for the first time as an
effective antagonist against Phytophthora root rots of citrus, in this study. The
effectiveness of the tested Chaetomium strains and their crude extracts in the control of
P. palmivora and P. nicotianae in this study provides a convincing reason to promote

the applications of these strains to control Phytophthora root rot in citrus.
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CHAPTER 1

INTRODUCTION

1.1. Statement and significance

Pomelo (Citrus maxima) is known as a primary species of genus Citrus,
belonging to Rutaceae (Mabberley. 1997). Pomelo has been widely grown for
commercial purpose in Thailand and other countries in Southeast Asia where it
originated (TFNet. 2013). However, under wet climatic conditions of the region,
Phytophthora diseases are being major problems of citrus industry in general and of
pomelo in particular. All over different citrus species, the yield losses due to
Phytophthora diseases were estimated to be 6 - 12% per year. Among diseases of
citrus causing by Phytophthora spp., root rots are the most prominent in all citrus types

(Drenth and Guest. 2004).

Discase symptoms that caused by Phytophthora spp. are often confused with
damages from other pathogens and abiotic agents. Thus, the heavy losses of citrus and
other crops due to Phytophthora are often resulted to delay in recognition of the
organisms as causal agents under investigation. Isolation and identification of
Phytophthora spp. are the only accurate method of carly detection the pathogens,

although that are always difficult (Erwin and Ribiero. 1996).

Current practices for controlling Phytophthora diseases are largely based on
cultivation management in fields and application of synthetic fungicides (Cacciola and
San Lio. 2008; Graham ef al. 2014). Intensive use of chemical fungicides in control of
plant pathogens may lead to harmful to the environment and human health. Moreover,

fungicide resistance has become a serious problem in chemical control of

Phytophthora diseases in citrus and other crops (Erwin and Ribiero. 1996; Timmer et

al. 1998; Gisi and Sierotzki. 2008).



The need to reduce the use of noxious synthetic fungicides in agriculture
production has led to a search for biological control agents against plant pathogens,
which are safe for both: the environment and human consumption. Biological control,
using microorganisms to suppress plant disease, provides a high potential alternative to
the use of synthetic chemicals, is the most cost effective and safety to the environment

(Saenz-de-Cabezon. 2010; Narayanasamy. 2013).

Chaetomium Kunze is a large genus of saprophytic ascomycetes with more than
350 recognized species (Zhang er al. 2012). Relying on lytic enzymes, they decompose
cellulose and other organic materials (Sun er al. 2006; Longoni er al. 2012). Some
Chaetomium specics are reported to act as antagonists against various plant pathogens.
Even commercial bio-product has been developed from potent strains of Chaetomium
spp. (Soytong et al. 2001). Furthermore, over 200 metabolites with a wide range of
bioactivities have been found from the genus Chaetomium and many of which
exhibited antifungal activity against plant pathogens (Zhang ef al. 2012). Inadequate
understandings of the modes and abilities of Chaetomium species in controlling
Phytophthora species, however, are major reason of the limited application of these

high potential biological control agents in citrus production.

1.2. Objectives

- To isolate and identify Phytophthora spp. causing root rots of pomelo, using
morphology and molecular phylogeny.

- To prove pathogenicity of Phytophthora isolates.

- To control Phytophthora spp. causing root rots of pomelo using Chaetomium

spp. and their crude extracts.

1.3. Scope, place and time of study

This study covered from collection soil and diseased samples, isolation and

identification of Phytophthora spp. causing root rots of pomelo in Thailand. Biological



control of pomelo root rots was investigated by using Chaetomium spp. and their

metabolites.

The experiments were conducted at Faculty of Agricultural Technology, King
Mongkut’s Institute of Technology Ladkrabang (KMITL), Ladkrabang, Bangkok,
Thailand. In addition, for molecular identifications of pathogens, DNA(s) of isolates
were extracted and amplified at Faculty of Science, King Mongkut’s Institute of
Technology Ladkrabang (KMITL). Sequencing of cloned DNA(s) was performed at
First Base Laboratory, Selangnor, Malaysia. The study was started from June 2013

until January 2016.



CHAPTER 2

LITERATURE REVIEW

2.1. Current status of pomelo production

Pomelo is believed to be a native plant species in Southeast Asia, and the plants
have been widely spread and commercially grown in many other regions in the world.
According to the Food and Agricultural Organization of the United Nations Statistics
Division, in 2013, the world harvested areas of pomelo and grapefruit was estimated at
roughly 328,000 ha, resulting in production of 8.4 million tons with the gross value
was 3.88 billion USD. In which, the Asian countries have accounted for approximately
58% of the harvested areas and 65% of production. Still, China (main land) is the
biggest producer of the world with the harvested area covered on 78,000 ha, resulting

in production of more than 3.7 million tons (FAOSTAT. 2013).

Thailand 1s the second producer of pomelo in Asia, just behind China. In 2013,
the harvested arca in Thailand was estimated at 32,500 ha increasing by 500 ha in
2012. The fruit production reached to 305,000 tons that accounted for about 25% total
citrus production of this country, increasing by 5,000 tons in 2012. The gross value of
production was estimated at 312 million USD that increased by 32 million USD in

2012 (FAOSTAT. 2013).

The demand for pomelo is predicted to increase from East consumers,
especially in Chinese communities and Vietnamese during Lunar New Year (TFNet.
2013). Meanwhile, European countries are still the biggest importers of pomelo and
grapefruit more than 752,374 tones, valued at 726.45 million USD in 2012

(FAOSTAT. 2013). Furthermore, the demand from these countries is predicted to

continue increasing in future. The increasing world demand for pomelo will encourage

larger production for export and domestic consumption.



2.2. History, taxonomy and biology of Phytophthora

Plant destruction caused by Phytophthora may be most early recorded to
damage citrus before the organisms were discovered in real scientific terms. In 1876,
3lyears after causing late blight of potato that lead to the famous potato famine of
Ireland in 1845, the organism was first time described and got the name
“Phytophthora” means * Plant destroyer” by Anton de Bary (Erwin and Ribiero. 1996).
However, even before the Irish famine time, during 1832 — 1836, Phytophthora
epidemic erased 200-year-old citrus plants in Azores (Portugal). Later the epidemic
spread throughout Europe, which killed all lemon (Citrus x limon) and citron trees
(Citrus medica) in Italy during 1855 — 1889 and in Greece during 1869 — 1880 (Naqvi.

2004).

The genus Phytophthora, along with Pythium, belongs to the family Pythiaceae,
order Peronosporales within the OQomycota, Stramenopile (Fig 2.1) (Beakes et al. 2012;
Thines, 2014). Until now, more than 120 species within the Phytophthora genus have
been detected and officially described, and most are plant pathogens (Phytophthora
Database, 2015). Seme Phytophthora species are narrow host range but some are very
wide host range. For instance, Phytophthora fragariae infects a single host (Kennedy
and Duncan. 1995), while some species such as Phytophthora nicotianae,
Phytophthora palmivera and Phytophthora cinnamoni are able to infect several
hundred to thousand different plant species, and the others infect from some to

hundreds hosts (Erwin and Ribiero. 1996).

Although Oomycetes share many characteristics of ecology and life history
with the true fungi such as Basidiomycetes and Ascomycetes, they are clearly
distinguished from these fungi by their genetics, cell wall compositions, and
biochemical pathways. Most parts of life history of Oomycetes are diploid whereas in
the fungi are haploid. Cell walls of Oomycetes are composed of -glucans but not

chitin, which is common cell wall component of fungi. Unlike fungi, members of




which passes through a cycle of dispersal and encystment before germinating. Some
species, such as P. cinnamomi, P. palmivora, P. nicotianae, also produce asexual
chlamydospores from the mycelium. Meanwhile, oospores are resulted from sexual
reproduction. All these spore types are potentially infective. In addition,
chlamydospores and oospores also have function as overwintering or resting structures.
All species of Phytophthora have a soil-borne resting stage. Most species are dispersed
primarily in the soil, via the release of zoospores from infected plant material. By
producing caducous (deciduous) sporangia, however, some species can disperse

aerially such as P. palmivora, P. infestans, (Erwin and Ribicro. 1996).

Figure 2.2. Life history of Phytophthora species (Source: Erwin and Ribiero. 1996).



2.3. Phytophthora diseases and their economic impacts on citrus industry

2.3.1. Phytophthora diseases in citrus

The most serious diseases of citrus plants caused by Phytophthora spp. are foot
rot, gummosis and fibrous root rot (Graham and Timmer. 1992; Graham and Menge.

1999; Graham and Feichtenberger. 2015).

Phytophthora spp. attacks to natural wounds around the base of trunk such as
bark cracks. The bark cracks ooze gum known as gummosis. In case of resistant
rootstocks, the lesions may extend toward up bud-union. The infection may spread to
the soil line and causes rot of trunk know as foot rot or collar rot, if rootstocks are
susceptible. The trunks are partially girdled, resulting in defoliation of canopy, or death

of trees in severe cases (Naqvi. 2004).

When Phytophthora species infect the feeder roots (fibrous roots), they cause
rot of root cortex that called fibrous root rot. The cortex becomes soft, discolored, and
then may be sloughed from the roots, leaving only the white stele (Graham and
Timmer. 2003). The root rots due to Phytophthora is usually unrccognized by the
growers until the symptoms of chlorosis or gummosis appear on canopy and trunk. The
first visible symptom of Phytophthora root rots is when leaves of plant become
chlorotic, in which, veins and leaf tissue bordering them turn yellow. This symptom is
casy to confuse with symptom of nitrogen deficiency (Gisi and Sierotzki. 2008; Erwin
and Ribiero. 1996; Savita et al. 2012). The production of new roots cannot compensate
for the numbers of damaged roots. The root system, therefore, is unable to provide
adequatc water and nutrient for the tree, thus, resulting in the reduction of yield,
defoliation and twig dieback of canopy (Graham and Timmer. 2003; Graham and
Timmer. 2008).

In the citrus growing areas, the most important Phytophthora spp. are P.
nicotianae, P. citrophthora, and P. palmivora (Graham and Timmer. 1992; Graham

and Menge. 1999; Graham and Feichtenberger. 2015). Of which, P. nicotianae is most



common subtropical and tropical areas and causes root rot, foot rot, crown rot,
gummosis. Occasionally, it attacks aerial parts of the tree causing brown rot of fruits,
but it usually does not infect far above the ground. While P. citrophthora is common in
Mediterranean climates with cool wet winters, P. palmivora is common in humid
subtropical and tropical climates. Both species cause root rot, gummosis, and brown rot
of fruit (Graham and Timmer. 1992, 1998; Timmer et al. 2000). The P. palmivora is
known more virulence and aggressive, can damage larger rots than P. nicotianae (Zitko
et al. 1991; Zitko and Timmer. 1994). Citrus root rot can be especially severe when
rootstocks are susceptible to Phytophthora. Larger roots can be damaged when P.
palmivora or P. citrophthora are presence. At some locations, the complex of root
weevil (Diaprepes abbreviatus) damage and Phytophthora infection complex makes

the disease situation and tree decline faster and graver (Graham er al. 2003).

2.3.2. Disease cycle and epidemics

The disease cycle of Phytophthora root rot and foot rot in citrus has been
described (Graham and Timmer. 1992; Graham and Menge. 1999). As showing in the
Fig 2.3, zoospores that released by sporangia can swim a short distance in water or
spread out by rain or water irrigation. These zoospores infect to the wounds on roots
and the elongated zones of root tips that are usually attract them. After contacting the
roots, zoospores can germinate and produce sporangia rapidly on root cortex, resulting
rot of the rootlets. This cycle can repeat itself “as long as conditions are favorable and
susceptible tissue is available”. Additionally, many Phytopthora species can produce
chlamydospores and oospores that have thick wall. These spore forms can survive for
long under unfavorable conditions. When conditions are favorable, however, they can
germinate and form a new cycle. The pathogen requires a wound or natural growth
crack for infection of suberized tree trunks and foot rot or gummosis occurs when
zoospores or other propagules are splashed onto the trunk above the bud union

(Widmer et al. 1998).
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Figure 2.3. Life cycle of Phytophthora crown rots and root rots in citrus (Source:

Graham and Timmer. 1992).

Ristaino and Gumpertz (2000) reviewed the five following modes as

mechanisms. of dispersal of Phytophthora species, which all occur in Phytophthora

diseases of citrus.

- Dispersal from root to root in soil that involves root growth to inoculum,

movement of inoculum to roots or root-to root contact
- Inoculum dispersal i surface water

- Splash dispersal from soil to aerial parts of plant

- Aerial dispersal from sporulating lesions on leaves, stems or fruit to other

aerial parts of plant

- Dispersal by human or invertebrate activity including movement of soil,

plants or propagules

The infected nursery plants are often the primary source of Phytophthora

disease spread to citrus orchards (Graham and Timmer. 1992).
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2.3.3. Economic impacts

Phytophthora discases are the most serious of all citrus diseases, and annually
decimate citrus production worldwide (Naqvi. 2004). The economic impact of
Phytophthora diseases in citrus is difficult to estimate exactly because of the
involvements of different Phytophthora species and other discases. Moreover, the
losses fluctuate according to seasonal and climatic conditions. The relationship
between root rot and yield loss is proportionless, in addition (Graham and
Feichtenberger. 2015). Nonetheless, it has estimated that Phytophthora spp. caused
root rot in 8 — 20% of citrus orchards in California and Florida. Annually, from 3 — 6%
of yields is lost due to the fibrous root rot, foot rot and gummosis in the United States
(Graham and Menge. 1999; Graham and Feichtenberger. 2015). Under the wet climatic
conditions often encountered in Thailand, infection with Phytophthora has become a
major problem for the citrus industry, causing yield losses of approximately 6 — 12%
and cconomic losses of at least 37 million USD/year. Overall, losses due to
Phytophthora spp. are much more prevalent in some years in certain locations, because
these diseases are particularly damaging under wet or flooded conditions (Drenth and

Guest. 2004).

2.4. Isolation and identification of Phytophthora spp.

2.4.1. Detection and isolation of Phytophthora spp.

Although Phytophthora spp. are responsible for nearly 90 % of collar rots and
70% of all fine root diseases of woody plants, they are not often detected, leading to
wrong diagnosis (Tsao. 1990). A woody tree can be infected by Phytophthora months
to years before symptoms on foliage are visible when diseases are already shown in
advance stage. A large tree can lose up to 50% of its feeder roots without loss of top
growth. Therefore, carly detection of Phytophthora diseases is difficult for not only

growers but also plant pathologists. At the advance stage, the inoculum of
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Phytophthora spp. is often decreased to a low and nearly detectable because of their
limited saprophytic ability (Graham and Timmer. 2003). Moreover, most Phytophthora
species grow slowly on culture media, thus are suppressed by fast growth organisms
such as bacteria, Pythium spp. and fungi. Those make Phytophthora spp. difficult to
isolate, especially from host tissues where Pythium spp. or the ubiquitous genus
Fusarium often exist (Erwin and Ribiero. 1996). Not surprisingly, Pythium spp. and
Fusarium spp., which are much easier to obtain from disease and soil samples, are
frequently blamed for crown and root rots (Tsao. 1990).

Therefore, isolation of Phytophthora spp. requires different approaches and

techniques as compare to those of true fungi.

2.4.1.1. Using of selective media

Unlike fungi and bacteria, Phytophthora spp. are insensitive to many fungicides
and some groups of antibiotic. Thus, these chemicals inhibit associative organisms
(such as fungi, other oomycetes and bacteria) but have little or no effect on target
Phytophthora, are added to isolation media (Table 2.1). Dozen recipes for sclective
media have been developed using commercial prepared cormmeal agar (CMA) as basal
medium (Erwin and Ribeiro. 1996). Of which, P, ARP (CMA amended with pimaricin
[10  pg/ml],  ampicillin {250  pg/ml], - rifampicin = [10 pg/ml], and
pentachloronitrobenzene [PCNB; 100 pg/ml]) and PARPH (P , ARP medium amended
with hymexazol 25 — 50 pg/ml) media are more commonly used for isolating most

species of Phytophthora (Drenth and Sendall, 2001; Martin ef al. 2012).

The presence of pimaricin in isolation media suppress most fungi, except for
Pythiaceae, which consists of two genera Pythium and Phytophthora. Therefore,
pentachloronitrobenzene (PCNB) and hymexazol are presented to suppress Pythiaceae.
The pimaricin in all above media can be replaced by nystatin, which is a less effective
but more readily and less expensive chemical (Drenth and Sendall. 2001). The

presence of antibiotics in media will suppress bacteria. It found that the combination of



13

both rifampicin and ampicillin in media was more effective than vancomycin alone
(Jeffers and Martin. 1986). Although the selective media are very useful for isolating
Phytophthora, they do not “guarantee successful isolation”. Quality of samples, in
addition, influences greatly to the success of isolation Phytophthora (Tsao. 1983;

Erwin and Ribiero. 1996; Martin et al. 2012).

Table 2.1. Common antibiotics and their properties used in selective media for

1solating Phytophthora spp[.

; = 3 Range used
Chemical Activity Target organism (ug/ml)
Ampicillin Antibacterial  Gram + ve bacteria 250 — 500
Most fungi except

Benomyl Antifungal Zygomycetes and 10 -25
Oomycetes

Hymexazol Antifungal Most Pythium spp. 25— 50

; ; : Most fungi except

Nystatin (Mycostatin) Antifungal fir FereTBapokales 10— 100
Gram +ve and

Penicillin G Antibacterial =~ Gram —ve cocci; 50 -100
Gram +ve bacilli

Pentachloronitrobenzene [ Narrow antifungal

(PCNB) Antifungal She ot 10 - 100

.\ : Most fungi except

Pimaricin Antifungal (7R aceac 5-10

Polymixin B Antibacterial =~ Gram —ve bacteria 20 — 50

Rifampicin Antibacterial Grag §ve 315 . 10
Gram —ve bacteria

Vancomycin Antibacterial ke and 100 - 200

Gram-ve bacteria

'Source: Erwin and Ribeiro (1996) and Drenth and Sendall (2001)

2.4.1.2. Isolation from plant tissue

Using the sclective media allows isolate Phytophthora spp. directly from
infected plant tissues. The success of isolation will increase when newly infected
samples are used, but will be greatly reduced when using old or dead samples (Tsao.

1983; Erwin and Ribiero. 1996). Because sterilization of sample surface can also kill
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pathogen, this step may be unnecessary if samples are newly infected tissues, but it is
required if necrotic tissues are used. For plants produce phenolic compounds, which
can inhibit growth of Phytophthora spp., repeated washing tissue samples before

placing on selective media is recommended (Streito et al. 2002; Martin et al. 2012).

2.4.1.3. Isolation from soil

A wide range of methods have been reported for the successful isolation of

Phytophthora from soil and water samples, including soil plating and baiting methods.

Phytophthora spp. can be directly isolated from soil and water samples by
using plating technique. The technique is typically utilized when Phytophthora
inoculum in samples is high. Only small volume of soil or water samples is spread on
plates containing sclective agar media. After 2 - 4 days, Phytophthora each propagule
in sample may develop into separate colony, thus the organisms can be isolated. This is
common technique used for estimating population of Phytophthora spp. in soil and
water samples by method of calculating the number of colonies developed on the agar
plate (Timmer et al. 1988). Nonetheless, using of plating method is inefficient when

Phytophthora inoculum in samples is low (Martin et al. 2012).

Soil baiting that uses Phytophthora attractive-materials as baits is the
traditional but still very useful method for isolating Phytophthora spp. from soil. As
compare to the direct plating, soil baiting has two main advantages. First, a larger
volume of soil can be used, thus, it increases the chances of detecting species present at
a low population density. Secondly, baiting is more suitable for detecting homothallic
species that survive as dormant oospores, in soil (Erwin and Ribiero. 1996). Different
techniques and plant materials as baits have been used for isolating Phytophthora spp.
from soil (Table 2.2). However, recently, flotation of leaf tissuc in soil-water
suspension has been preferred technique in most recent studies rather than insertion

soils in fruit reported in historical records (Erwin and Ribiero. 1996; Martin et al.
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2012). Subsequently, isolation of Phytophthora from the infected baits can be made

from healthy tissue surrounding lesions by using selective media (Ferguson and Jeffers.

1999; Drenth and Sendall. 2001). In addition, using un-wounded baits can reduce

infection of Pythium spp. to the baits (Jeffers and Aldwinckle. 1987).

Table 2.2. Baiting techniques for isolating Phytophthora from soil.

Species

Bait material

Procedure

P. cinnamomi

Apple or pear

Apple slices

Avocado fruit

Avocado
seedlings
Avocado leaf
pieces

Make holes in fruit. Fill with wet soil and
cover with plastic bag at 15-27°C for 5-10
days. Isolate from the edge of the rotted area
around the hole. Suitable technique for many
Phytophthora spp.

Immerse slices in 200 ml water to which
25 g soil has been added, for 4-10 days

Embed fruit partially in flooded soil;
incubate at 20-27°C for 2-4 days.

Plant seedlings in wet soil; incubate at
21-27°C for 2-3 days.

Float leaf pieces on water added to soil
for 4 days

P. citrophthora

Apple, lemon or
orange fruit

Lemon fruit

Insert soil or citrus tissue into fruit as for
P. cinnamomi above. - Alternatively, place
lemon or orange on the surface of soil for 4 or
more days

Immerse partially in 150 ml water to
which 25 cc soil has been added. Incubate at
25°C for 6 days

P. nicotianae

Applé, lemon or
orange fruit

Citrus leaf pieces

Tobacco leaves

Insert soil or citrus tissue into fruit as for
P. cinnamomi above.

Float small leaf pieces on water 1-2 ¢m
above 100 cc soil. Incubate at 22-28°C for 3-4
days.

Immerse the petiole end of leaf in water-
soil mixture. Incubate at 25°C for 6 days

P. palmivora

Black pepper
leaves

Cocoa pods

Taro roots

Immerse black pepper leaves or leaf discs
partially in a water-soil mixture. Used for
isolation from black pepper soils

Insert soil beneath flaps of endocarp
tissue of unripe cocoa pods. Used for isolation
from cocoa soils

Cut roots into 2.5 cm lengths, autoclave.
Incubate in moistened soil (50 g/Petri dish) at
15°C for 7 days

'Source: Drenth and Sendall (2001)
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Sampling is another important factor influences the success of Phytophthora
isolation. Populations of Phytophthora spp. in soil vary according to season. Therefore,
it is suggested that during or immediately after wet weather in rain season, when
Phytophthora spp. are more active, is the best time to take soil sample for isolating.
Sampling is often best from moist soils, under edge of plant canopy, 5 — 10 cm below
soil surface. In addition, Phytophthora spp. in soil samples will lose their viability if
are dried under high temperature (+ 40°C). Thus, after collection, the samples should
be placed in plastic bag and kept at 10 — 15°C to prevent dry out (Drenth and Sendall.
2001; Martin ef al. 2012).

2.4.2. Identification of Phytophthora spp.

2.4.2.1. Morphological approach

Many Phytophthora specics can be easily identified which based on their
morphological characteristics. Overlapping morphological features and minor-variable
differences among Phytophthora spp., however, are making species difficult to identify
accurately. Morphological identification of Phytophthora is based on the taxonomic
keys of Waterhouse, which was later revised by Stamps et al. (1990). Useful characters
that are used to classify species of Phytophthora include culture pattern; sporangium
morphology (thickness of papilla; caducity; length-to-breadth ratio); morphology of
sexual structures such as antheridia, oogonia and oospores; the presence or absence of
chlamydospores and morphology of hyphae (Stamps ef al. 1990; Erwin and Ribiero.
1996).

The thickness of papilla of sporangium is one of the most robust and useful
characters for morphological identification of Phytophthora. Based on the thickness of
papilla, Phytophthora are classified as papillate (papilla size 3.5 um), semipapillate

(papilla size <3.5 pm), and nonpapillate species with very slight apical thickening.
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Currently, taxonomic classification (basing on analyzes of DNA sequences) divide
described species (around 120 species) of genus Phytophthora into 10 clades (from 1
to 10) (Kroon et al. 2012). Interestingly, there are “natural arrangements” of the
species by the type of papilla, with some exceptions, is observed in the groupings of a
phylogenetic analysis (Martin e al. 2012). Papillate and semipapillate species place in
clades 1 to 5. Clades 6, 7, 9, and subclade 8a contain nonpapillate species only. In
subclades 8b and 8c are a mix of semipapillate and nonpapillate species. Clade 10
contains a mix of papillate and the nonpapillate species. Additionally, almost all
nonpapillate species have persistent sporangia (non-caducous) except P. pinifolia and
P. foliorum, which are partially caducous. Sporangial shape (ovoid, obovoid, pyriform,
obpyriform, clavate, obclavate, reniform, irregular) and size (Iength-breadth ratios) are

other important features for identification (Erwin and Ribiero. 1996).

For morphological identification of Phytophthora, it is uscful to determine if a
culture is homothallic or heterothallic, and whether the antheridium is amphigynous
(around the oogonial stalk) or paragynous (next to the oogonial stalk). Homothallic
species produce oogonia in single cultures, while heterothallic species produce them in

the presence of a strain of the opposing compatibility type (Al or A2).

The morphology of chlamydospores does not differ greatly between species.
Thus, characteristics of this structure do not support much in species identification.
Instead, the presence (for example, P. palmivora) or absence (for example, P. heveae)
of chlamydospores is more useful for species identification (Erwin and Ribeiro. 1996;

Drenth and Sendall. 2001).

2.4.2.2. DNA sequencing for identification of Phytophthora species

“DNA sequencing provided a big leap forward in knowledge on Phytophthora
species” (Kroon et al. 2012). Sequencing analysis of specific loci is the most accurate

molecular method for identification of isolates to a species level. If the sequences for

078431
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particular genes or DNA regions are identical or nearly identical, the isolates
supposedly belong to the same species. Some specific loci from nuclear (ITS, large
subunit IRNA, TigA gene fusion, translation elongation factor 1a) and mitochondrial
(coxl, nadl, cox2, nad9, rpsl0, and secY) have been sequenced for identification
purposes and phylogenetic resolution within Phytophthora (Griinwald et al. 2011;
Martin et al. 2012). Of the loci, the non-coding ITS region consisting of ITS1, the 5.8S
rDNA and ITS2, contain stretches of high homology that were used to design primers
for polymerase chain reaction (PCR) amplification (Griinwald et al. 2011). For almost
all Phytophthora species, the same primers can be used to amplify the region. The first
extensive phylogenetic study of the genus Phytophthora based on ITS sequences was
described by Cooke et al. (2000). This study based on analysis of ITS sequences of 234
isolates from 50 distinct Phytophthora species to divide the genus into 10 clades that
currently used to group Phytophthora species and replaced the Waterhouse
classification. Latterly, phylogenetic analysis of the genus was based on the
combination of sequence data from nuclear loci and mitochondria (Kroon et al. 2004,

2012; Martin ef al. 2014).

For molecular identification of certain isolates Phvtophthora into species level,
sequencing ITS regions usually is the first choice because it is easy to amplify and is
diverse enough to distinguish among most species (Griinwald ef a/. 2011; Martin et al.
2012; Kroon et al. 2012). Not surprisingly, the ITS sequence data are the largest and
more ready in databases than sequence data of other loci. When conducting BLAST
analyses, it is important to use accurate dataset, which should be large and diverse, to
ensure sequences reflect accurate species classification. There are some good databases

that can used for BLAST analyses of Phytophthora sequences include the

Phytophthora Database (http://www.Phytophthoradb.org) (Park et al 2008),

Phytophthora-ID (http://www.Phytophthora-ID.org) (Griinwald et al. 2011) and the
National Center for Biotechnology Information (NCBI; http://www.ncbi/blast/ ).
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For identification of a Phytophthora isolate to species level using DNA
sequence, it is first suggested that sequencing the ITS regions. If sequences are 100%
identical, then the Phytophthora sp. has been identified. If identity is <100% but =
99%, a putative match was made, and it is suggested that follow-up identification of
key morphological characters using microscopy be conducted. If identity is <99%, a
new species might be detected and additional work will be required. In this case,
sequencing of the cox spacer region and additional loci is suggested (Park ef al. 2008;

Grunwald ef al. 2011).

2.5. Management of Phytophthora root rots in citrus

2.5.1. Using of resistant or tolerant rootstocks

Using tolerant and resistant rootstocks with desirable horticultural
characteristics are the best solutions for controlling Phytophthora disease. Those are
the best ways to reduce the costly applications of fungicides (Nagvi. 2004).
Unfortunately, resistant rootstocks to Phytophthora spp. often have undesirable
horticultural traits, are susceptible to other diseases or to abiotic stress such as PH,
salinity, drought efc. The rootstocks with desirable horticultural characteristics,
unfortunately, arc susceptible to Phytophthora spp., virus and other diseases (Cacciola
and San Lio. 2008; Graham and Feichtenberger. 2015). To gather the desirable traits of
rootstocks, breeding through biotechnological means, therefore, haé been carried out
carried out (Grosser et al. 1994; Grosser ef al. 2007; Dambier et al. 2011). The
thorough screening results indicate that no citrus rootstocks are completely resistant to
Phytophthora spp. However, there were wide variations in susceptibility of different
rootstocks to different Phytophthora species (Naqvi. 2004; Graham and
Feichtenberger. 2015). In general, while Cleopatra mandarin and sour orange group
are tolerant to foot rot but are susceptible to root rot cause by P. nicotianea, trifoliate
orange and its hybrids are tolerant or resistant. In contrast, Carrizo citrange and

Swingle citrumelo, the hybrids of trifoliate orange, are susceptible to P. palmivora,



20

whereas Cleopatra mandarin and sour orange group are tolerant (Graham. 1990, 1995:
Matheron et al. 1998; Graham and Feichtenberger. 2015). Additionally, pomelo

(C.maxima) is considered susceptible to Phytophthora root rot (Naqvi. 2004).

2.5.2. Cultural practices

“Prevention is better than cure” should be followed strictly in Phytophthora
managerial strategies. Appropriate cultural practices can immensely limit the spreads,
multiplications, reproductions and infections of Phytophthora (Naqvi. 2004). Plants for
new orchards should be selected from Phytophthora free nursery stock and with high
budding. Because Phytophthora spp. abundant water to grow, disperse and infect plant,
soils used for citrus orchard should be well drained and able to control water to avoid
flooding and over watering. Thus, water management strategies can help immensely in
management of Phytophthora diseases of Citrus (Naqvi. 2004). Additionally, it is
better to apply nitrogen in nitrate form rather than in ammenium. The ammonium
nitrogen is casy to metabolize to amino acids asparagine and glutamine, which attract
zoospores and are ideal nutriments for Phytophthora spp.( Cacciola and San Lio.

2008).

2.5.3. Chemical control

Controls of Phytophthora ssp. still mainly rely on fungicides, despite the
possibilities of their harmful consequences to human health and environment. Both
systemic fungicides with more effectiveness and protestant fungicides (non-systemic)

with lower costs are used to control phytophthora diseases in citrus.

Metalaxyl, a water-soluble phenylamide, is the most used systemic fungicide to
control oomycetes including Phytophthora spp. (Bruin and Edgington, 1983; Erwin
and Ribiero. 1996). The substance disrupts the ribosomal RNA synthesis, thus it
disrupt the protein synthesis of Oomycetes (Gisi and Sierotzki. 2008). At low

concentrations, metalaxyl strongly inhibit mycelial growth, formations of sporangia,
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chlamycdospores and oospores of Phytophthora spp. (Farih et al. 1981). On other
views, quick developments of resistance to metalaxyl of some species of Phytophthora
spp. such as P. infestans, P. citricola, P. nicotianae and many other oomycetes, after
the applications of these site-specific fungicides, have been reported (Ferrin and
Kabashima. 1991; Csinos and Bertrand. 1994; Goodwin and McGrath. 1995; Gisi and
Sierotzki. 2008). For instance, Timmer et al. (1998) found that 31 — 59% isolates of P.
nicotianae from citrus nursery sites in Florida are resistant to metalaxyl. While the
sensitive did not grow in the presence of 1 pg/ml of metalaxyl, these resistant isolates
grew well at 100 pg/ml. Another systemic fungicide for control Phytophthora spp. in
citrus is fosetyl-Al, an ethyl phosphonate fungicide. This substance works as a host
defense inducer that triggers systemic acquired resistance (SAR) of plants (Bruin and
Edgington. 1983; Erwin and Ribicro. 1996). Especially, fosetyl-Al still shows effective
on isolates that resist to metalaxyl (Timmer et al. 1998). Both metalaxyl and fosetyl-Al
can usc in the ground to control Phytophthora root rots of citrus. Fosetyl-Al, however,
is more effective when sprayed on foliar. In addition, using systemic fungicides in
treatments against foot and root rots prevents infections of brown rots to fruit, in both
pre- harvest and post-harvest phases (Cacciola and San Lio. 2008). Besides the uses of
systemic fungicides, the non-systemic fungicides such as mancozeb, chlorothalonil and
copper formulations still are used because of their lower cost (Naqvi. 2004; Gisi and

Sierotzki. 2008).

Intensively chemical control, especially the use of site-specific fungicides, will
result in resistance of Phytophthora spp. (Gisi and Cohen. 1996). The probability of
resistant survivors will be smaller if the initial inoculum density is low. In addition, the
populations and infections of Phytophthora spp. in soil vary widely according to
season (Dirac er al. 2003; Alvarez et al. 2009). Therefore, estimates populations of
Phytophthora spp. in soil before deciding applications of fungicides will reduce the
resistance risk (Gisi and Sierotzki. 2008; Cacciola and San Lio. 2008; Graham and

Feichtenberger. 2015). Currently, to avoid the developments of resistance, it suggests
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that should not apply fungicides if density of Phytophthora is under 10 to 15
propagules per cm’ of soil (Graham et al. 2014; Graham and Feichtenberger. 2015).
However, it is also suggested that in young plant, fungicide treatment should be
applicd routinely for the first 2 years, because of the highly sensitive of young citrus

plants to Phytophthora spp. (Cacciola and San Lio. 2008).

Additionally, to have maximum control of root rots, the applications of
fungicides should be timed according to the physiological state of the plant and the
population dynamics of pathogens. Normally, before plants begin to form new root
generations 1s the best period to apply fungicides. At these periods of year, roots are
sensitive to Phytophthora spp., thus need to be protected (Naqvi. 2004; Cacciola and
San Lio. 2008). Citrus roots have distinct growth and dormant periods, which alternate
with the periods of foliage growth (Lutz and Menge. 1986). The shoot flushes will

precede the root flushes.

2.5.4. Biocontrol

To reduce the dependence of citrus production on noxious synthetic pesticides,
the search for effective biological control agents (BCAs) against Phytophthora spp. has

been widely carried out.

Fang and Tsao (1995a; 1995b) explored that Pythium nunn and Penicillium
funiculosum inhibited mycelial growth, parasitized hyphae and spores of P.
cinnamomi, P. nicotianae, and P. citrophthora in vitro. At 1,000 propagules per gram
of soil, Pythium nunn and Penicillium funiculosum reduced root rot incidence of sweet
orange seedlings caused by these pathogens. In addition, the Penicillium funiculosum
increased significantly plant weight of the citrus seedlings, whereas Pythium nunn
caused slight reduction of plant weight. Similarly, some isolates of Trichoderma spp.
were reported to inhibit both mycelial growth of P. parasitica in vitro and reduced root

rot incidence of citrus caused by the pathogen in vivo (Gade. 2012). Myrothecium
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roridum also inhibited in vitro growth and in vivo infections of Phytophthora spp. to
Citrus (Tuset ef al. 1990). Co-inoculation of mycorrhizae Acaulospora tuberculata and
Glomus etunicatum into roots of citrus seedlings increased root weight and phosphorus
content in leaves, and reduced the infections of P. nicotianae (Watanarojanaporn ef al.
2011). In addition, a hypovirulent isolate of P. nicotianae that naturally occurred on
citrus roots could protect citrus rootstocks from infections of other virulence P.
nicotianae and P. palmivora. However, the protection citrus root infections is not
related to induction of systemic acquired (Colburmn and Graham. 2007; Graham et al.
2012). Other fungi such as Gliocladium penicillioides, Streptomyces sp., Fusarium
solani have also been reported to work as antagonists against Phytophthora root rot
(Dandurand and Menge. 1992; Aryantha and Guest. 2006). Additionally, soil
amendments such as composted organic matter have been evaluated for their potentials
to act as biological control agents against Phytophthora root rot. Widmer et al. found
that when a citrus soil was amended (20% vol/vol) with certain sources of composted
municipal waste (CMW), the root rot incidence of susceptible citrus seedlings caused
by P. nicotianae was reduced from 95% to as low as 5% (Widmer et al. 1998, 1999).
Morales-Rodriguez (2014) reported that fresh tissues of Brassica spp. when treated as
bio-fumigant could inhibit mycelial growth of P. nicotianae. Meanwhile brassica
pallets showed cffective control root rots of pepper caused by P. nicotianae in green

house.

Maintaining adequate BCAs population in soil entry season, however, is major
constrain of bio-control approach for root diseases. For instance, a bio-control agent
developed from Pseudomonas putida 06909-rif/nal when was weakly applied for citrus
orchards, population of P. parasitica in citrus rhizosphere was reduced by 84% after 1
year, but did not consistently reduced in the next years. However, the population of
Pseudomonas putida was quickly declined when was applied once a years (Steddom et

al. 2002).
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2.5.5. Chaetomium spp. as the biological control agents

Chaetomium species are ubiquitous fungi most found in soils and death
materials, with more than 350 species exist (Zhang et al. 2012). They decompose
cellulose and other organic material. Some certain strains of these fungi can act as

antagonists against plant pathogens.

Of which, C. globosum has received most concerns. Aggarwal et al. (2004)
found that 06 potent isolates of C. globosum reduced 50 — 57% radial growth of
Drechslera sorokiniana causing spot blotch of wheat, in vitro. At the meantime, crude
extracts (ethyl-acetate extract) of their culture substrates reduced 65 — 83% colony
growth of the pathogen in vitro, gave discase control rates of 70 — 84% in vivo. The
authors found that interaction between two isolates of these C. globosum and the
pathogen showed mycoparasitism, but the others showed antibiosis. Similarly,
Shanthiyaa er al. (2013) evaluated biological potentials of 08 isolates of C. globosum
to control P. infestans causing potato late blight in India. They found that the
antagonists inhibited 45 — 72% colony growth of P. infestans in vitro. Moreover, the
antagonists and compound named Chactomin isolated from their culture filtrate
reduced infections of the pathogen and increased the tuber yield of potato when treated

for potato tubers.

Kanokmedhakul et al  (2002) found some compounds had antifungal,
antibacterial activities from C. globosum N0802. This fungus and its crude extracts
were reported to exhibit good control effects against Fusarium oxysporum f. sp.
Iycopersici causing tomato wilt both in vitro and in vivo. Especially, the isolates could

promote growth of tomato (Charoenporn et al. 2010).

Recently, Zhang et al. (2013) isolated chaetoglobosin A and chaetoglobosin ¢
from an endophytic isolate of C. globosum. Of which, the chaetoglobosin A exhibited
antifungal activity against Setosphaeria turcica causing Northern corn leaf blight both

in vitro and in vivo. Additionally, certain isolate of C. globosum can produce different
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compounds with different bioactivities such as phytotoxicity, cytotoxicity, mycotoxins

(Li et al. 2014).

Moreover, there have been some reports on antagonisms of other Chaetomium
spp. against different plant pathogens. C. lucknowense CLO1, C. elatum ChEOl and
their crude extracts exhibited abilities to control Fusarium oxysporum f. sp. lycopersici
causing tomato wilt (Sibounnavong et al. 2011). Crude extracts of C. aureum, C.
bostrychodes, C. cochliodes, and C. cupreum exhibited antifungal activity against
Pythium aphanidermatum causing root rots of pineapple (Pornsuriya et al. 2010).
Nguyen et al. (2013) reported that C. lucknowense and C. cupreum inhibited mycelial
growth and sporc formation in vitro of Pestalotia sp., the causal agent of leaf spot in
tea. In another study, Phung et al. (2014) reported that C. lucknowense and C. cupreum
inhibited growth and spore formation of Colletotrichum gloeosporioides and Pythium

aphanidermatum that associated with anthracnose and root rots of citrus.

In Thailand, Chaetomiun species have been screened for using as antagonist in
since 1989. Potent strains of C. cuprewm and C. globosum even developed as
commercial product call Ketomium® that is widely used in Thailand and some
countries in Southcast Asia. The product has shown good effects in controlling
Phytophthora spp. infected tangerine (Citrus reticulata), black pepper, strawberry and

durian in Thailand (Soytong er al. 2001).

Chaetomium spp. arc well known as producers of hundreds secondary
metabolites that have different bioactivities (Li et al. 2011; Zhang et al. 2012). Most
the studies described those Chaetomium spp. suppressed plant pathogens through
productions of substance(s), which have antifungal activities. In which, the antagonists
did not parasitize pathogens; and no mycoparasitic phenomenon was observed or
described. Moreover, Heller and Theiler-Hedtrich (1994) observed C. globosum grew
over, coiled hyphae and degraded colonies of P. parasitica and P. cinnamomi in dual

culture tests, suggesting mycoparasitic phenomenon. Nonectheless, to date, this is the
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only evidencc to suggest mycoparsitism as one of mechanisms of antagonist
Chaetomium spp. use to control oomycetous pathogens. Thus, the understanding of
interactions between the antagonists Chaetomium spp. and oomycetes including
Phytophthora spp. is inadequate. Additionally, there is a significant limitation of

research on the abilities of Chaetomium species and their metabolites to control the

Phytophthora root rots in citrus.



CHAPTER 3

RESEARCH METHODOLOGY

3.1. Isolation, identification and pathogenicity test of Phytophthora spp.
causing root rots of pomelo

3.1.1. Media for isolation and morphological study of Phytophthora spp.

The media were prepared and used for isolation and morphological study of
Phytophthora spp. Potato dextrose agar (PDA: potato infusion from 200 g/L, 20 g/L
dextrose, and 15 g/L agar), potato dextrose broth (PDB: potato infusion from 200 g/L,
20 g/L dextrose)V8 juice agar (V8A; 200 mL/L V8 juice [Cambell soup Co., Camden,
NJ, USA], 3 g/L CaCO3, 20 g/L agar, 800 mL/L water) cormnmeal agar (CMA [Hardy
Diagnostics Co., Santa Maria, CA, USA]: 2 g/L corn meal infusion from solids, 15 g/L
agar) and - water agar (WA 20 g/L, 1 L water) were autoclaved at 121°C before using
to culture Phytophthora spp. Additionally, the selective medium PARPH was also
prepared by adding pimaricin (10 pg/ml), ampicillin (250 pg/ml), rifampicin (10
pg/ml), pentachloronitrobenzene (PCNB; 100 pg/ml) and hymexazol (50 pg/ml) to
cool molten CMA (50 - 55°C).

3.1.2. Isolation of Phytophthora spp.

Phytophthora species causing root rots of pomelo were isolated from soil and
infected roots, which were taken from orchards in Chachoengsao province and
Bangkok, Thailand. Tissue transplanting and baiting methods were used to isolate the

pathogens.

3.1.2.1. Isolation of Phytophthora spp. from infected roots
Tissue transplanting method was used to isolate the pathogen. The infected

root samples were washed under running water to remove soil and other debris. The
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areas contained both healthy and diseased tissues on the roots were cut into small
pieces (approximately 2 x 2 mm), and transferred to plates containing sclective
medium PARPH. The isolating plates were incubated in the dark, at room temperature
(25 - 30°C) for 2 — 3 days. The mycelia growing from the root pieces were transferred
to plates containing a thin layer of WA medium. The hyphal tips from growing

colonies were transferred into PDA until get pure culture.

3.1.2.2. Isolation of Phytophthora spp. from soil

Baiting mecthod was used for isolation of pathogens from soil. Soil samples
(100 g) were placed in plastic cups, and were add 200 ml of sterile-distilled water at
depth 5 — 7 em. Healthy leaves of pomelo were cut into small pieces, and floated on
water in the cups. After 3 — 4 days incubation in the dark the mycelia growing from the
leaf pieces were transferred to plates containing a thin layer of WA medium. The
hyphal tips from growing colonies were transferred into PDA until get pure culture.

All isolates were further identified by morphology and molecular phylogeny to

confirm species.

3.1.3. Morphological identification

All obtained isolates were cultured on PDA, V8 agar, and CMA for
morphological study. Growth rates of isolates on PDA medium were recorded.
Sporangia were produced by floating mycelial discs which taken from margin of a 3-
day-old culture on V8 agar, in 10 mL of sterilized distilled water. The discs were
incubated under fluorescent light, at temperature of 25 — 28°C for 3 — 4 days (Erwin
and Ribiero. 1996). The sporangia and other structures were observed and measured by
a camera with associated software attached to an Olympus compound microscope
(CH40; Olympus Optical Co. Ltd., Tokyo, Japan). At least 50 spores of each spore

type were measured for each isolate then mean and standard deviation were reported.
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The isolates were morphologically identified based on their morphological

characteristics.

3.1.4. Molecular phylogeny identification of Phytophthora spp. based on

DNA sequences

The isolates PHY02 and KA1, which represented for slow-growth and fast-

growth isolates respectively, were chosen to identify into species by DNA sequencing.

3.1.4.1. DNA extraction

Mycelial mass of each isolate was collected from a purified colony grown in

V8A, and ground with mortar and pestle in liquid nitrogen to fine powder. Genomic
DNA of isolates was extracted by CTAB method with some modifications (Prabha et
al. 2011). The DNA extraction procedure consisted of following steps:

(1) The frozen powder was transferred to a 2 ml centrifuge tube, and 500 pl of

extraction buffer solution (200 mM Tris-HCI, pH 7.5; 25 mM EDTA and 250

mM NaCl and 0.5% SDS) was added. The reaction mixture was then vortexed

for 5 sec and kept at room temperature for 30 min.

(2) The reaction mixture was centrifuged at 13,000 rpm for 1 min.

(3) The supernatant was transferred to a new centrifuge tube, and an equal

volume of cold phenol chloroform was added.

(4) The reaction mixture was shortly vortexed and centrifuged again at 13,000

rpm for 2 min.

(5) The supernatant was again transferred to a new centrifuge tube, and re-

extracted twice with 300 pl of chloroform and centrifuged as in step 3.

(6) The final supernatant was then transferred to a new centrifuge tube, and 300

ul of cold iso-propanol was added to it and gently mixed by inverting the tubes

several times.

(7) The reaction mixture was incubated for 30 min at —20°C.



30

(8) The nucleic acids were then recovered by centrifugation at 13,000 rpm for §
min.

(9) The supernatant was discarded, and pellet was washed with 70% cold
ethanol, and then with 1 ml absolute ethanol.

(10) The tube was then dried for 15 min at 37°C.

(11) Finally, the pellets were re-suspended in 100 pl warm (55° C) TE buffer (10
mM Tris/HCL, pH 8.0, | mM EDTA).

3.1.4.2. Polymerase chain reaction (PCR)

The internal transcribed spacer regions (ITS1 and ITS2) and the 5.8S ribosomal
DNA fragments (Fig. 3.1) of isolates PHY02 and KA1 were amplified by couple of
primers ITS5/ ITS4 and ITS6/ ITS4, respectively, in polymerase chain reaction (PCR)
with previously described conditions (Table 3. 2).

18s 5.8s 28s 5s

ITS6 =

Figure 3.1. ITS regions on chromosomes of eukaryotes (Source: Griinwald er al.

2011).
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Table 3.1. Primers, mix and program for PCR.

Primers used for PCR and sequencing

Primers Sequence (5 "3 ’) References
ITS 6 GAA GGT GAA GTC GTA ACA AGG Cooke et al. 2000
ITS 4 TCC TCC GCT TAT TGA TAT GC

White er al. 1990
ITSS GGA AGTA AAA GTC GTA ACA AGG

PCR mix ( Griinwald ez al. 2011)

Components Final concentration
DNA 3 ng/pl
dNTP (2.0mM) 200 uM
Primers (10uM stock) 0.4 uM (for each primer)
10 x Taq Buffer with 15mM MgCI2 1x
Taq Su/pl 0.05 u/pl
dWater NA NA

PCR Program ( Griinwald et al. 2011)

steps cycles conditions

1 1 95°C for 3min;
2 95°C for 1 min,
3 35 (repeat steps 2-4) 55°C for 1min,
4 72°C for Imin;
5 1 72°C for 10min;

- - Store at -20C until used

3.1.4.3. Sequencing and phylologeny analysis

To identify Phytophthora isolates into species level, the sequencing of cloned
fragments (PCR products) of isolates were performed at First Base Laboratory
(Selangnor, Malaysia) using the same primers. The full-length determined ITS

nucleotide sequences of isolates were used as queries for BLAST searches in GenBank
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of National Center for Biotechnology Information (NCBI; http://www.ncbi/blast/) or

Phytophthora Database (http://www.phytophthoradb.org). Subsequently, the

sequences of isolates and related taxa (obtained from GenBank databases) were aligned

and analyzed to construct a phylogenetic tree using software MEGA ver. 5.2 (Tamura

etal. 2011).

3.1.5. Pathogenicity test

3.1.5.1. Preparation of inoculum

Sporangia of each isolate were produced by floating 30 — 40 myecelial discs,
which taken from margins of a 3-day-old culture on V8 agar, in a Petri dish containing
10 mL of sterilized distilled water. The discs were incubated under fluorescent light, at
temperature of 25 - 28°C for 3 — 4 days. The sporangia were separated from mycelia
by low centrifugation, and were determined the concentration (Erwin and Ribiero.
1996). Potting medium contained sterilized clay soil, sand, and compost at a v/v/v ratio
of 3:1: 1 was prepared. The inoculum of cach isolate was prepared as infested soil.
Sporangia of Phytophthora sp. were adjusted with potting medium to get the infested
soil with 5 sporangia per cubic centimeter of soil. The infested soil was incubated in
the dark and moist condition at temperature of 25 — 28°C for 3 days before using to

plant the pomelo seedlings.

3.1.5.2. Pathogenicity test

Pathogenicity of each Phytophthora isolate was proved by artificial inoculation
into roots of pomelo seedlings var. Khaonampung in order to satisfy Koch’s postulate.

Twelve-week-old pomelo seedlings were thoroughly washed to be free of
potting mix, and planted in plastic pots (10 x 15 cm) containing the prepared-infested
soil. Controls were prepared by planting the seedlings in same size pots, containing the
sterilized potting medium. All pots including the controls were maintained in the green

house at temperature of about 25-30°C and flooded with water for 24 hr each week.



33

After 6 wk, the plants were carefully removed from plastic tubes and washed free of
potting mix. The root systems were then evaluated on following scales: 0 = all roots
healthy; 1 = rotted roots apparent; 2 = obvious root rot, root system small; 3 = severe
root rot, taproot necrotic, few new roots; 4 = no healthy root, stem girdled. The
evaluation was independently made by two observers and the average rating presented.
Additionally, root tips of each seedling were noted as rotted or healthy and the data
expressed as root rot percentage using the following formula:

Root rot (%) = 100 x (Numbers of root rots/ Total roots).

The pathogen was re-isolated from infected root symptom, and morphological
characteristics were compared with the inoculated isolate. The highest pathogenic

isolates were selected for further experiments.

3.2. Biological control of Phytophthora spp.

3.2.1. Pathogenic and antagonistic isolates used for experiments

Two Phytophthora 1solates denominated as PHY02 and KA1l were used as
targets for biological control in this research. Meanwhile, Chaetomium globosum
CGO5, Chaetomium lucknowenese (CLO1) and Chaetomium cupreum CC3003, which
were proved as effective antagonists against different plant pathogens, were used as
biological control agents. These strains were kindly provided by Dr. Soytong Kasem

(KMITL).

3.2.2. In vitro antagonism test

Each of the Chaetomium species was separately assessed its antagonism against
two Phytophthora isolates using bi-culture techniques. A 5-mm-diameter mycelial disc
from the active growing area of a 5-day-old colony of Phytophthora sp. was placed
alone (as a control) or opposite a mycelial disc from one of the above antagonists on
PDA plates (9-cm diameter). All plates were incubated at temperature of 28°C in the

dark, and the colony diameters of the pathogen were measured after 30 days. The
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inhibition of mycelial growth and spore production of the pathogen was then calculated

as a percentage using the formula below:
Inhibition (%) = 100 x (1 — B/A) (1)

In which, A = colony diameter or spore number of the pathogen in control
plates; B = colony diameter or spore number of the pathogens in bi-culture plates. The
experiments were performed in completely randomized design with 4 replications. The
collected data as colony diameter and spore number were subjected to analysis of
variance (ANOVA) and treatment means were compared using Duncan’s multiple

range tests (DMRT) at P =0.05and P = 0.01.

3.2.3. In vitro effects of antagonistic crude extracts on Phytophthora spp.

3.2.3.1. Extraction of antagonistic crude extracts

The fungal antagonists C. globosum CGOS5, C.lucknowense CLOl and C.
cupreum CCO003 were separately cultured in potato dextrose broth (PDB), and
incubated at room temperature (25 — 28°C) for 45 days. Fungal biomass of each
antagonist was separately collected as fresh biomass, then was dried out at room
temperature. Subsequently, the extraction of dried biomass of each antagonist was
performed by the method described by Kanokmedhakul e al. (2006) as showing in
Fig. 3.2.

Each dried biomass was ground and extracted with hexane (1:1 v/v) (in a 1000-
ml bottle) by shaking-incubation for 72 hr at room temperature. Filtrate was then
scparated out the marc by filtering through filter paper (Whatman No.4). The hexane
filtrate was evaporated through rotary vacuum evaporator to yield crude hexane
extract. The marc from hexane extraction was further extracted with ethyl acetate and
followed with methanol using the same procedure as hexane to yield crude ethyl

acetate (EtOAc) and methanol extract (MeOH).
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Figure 3.2. Extraction protocol of antagonistic crude extracts.

3.2.3.2. Bioactivity test of antagonistic crude extracts against

Phytophthora spp.

The crude extracts of each antagonist were tested for their potential to inhibit
the mycelial growth and/or spore formation of the Phytophthora sp. PHY02 and

Phytophthora sp. KA1.

The experiments were designed as 2 factors factorial in completely randomized
designs (CRD) with 4 replications. Factor A represented different crude extracts: Al =
crude hexane, A2 = crude EtOAc and A3 = crude MeOH. Factor B represented

different concentrations of 0, 10, 50, 100, 500, and 1,000 pg/mL. A 5-mm-diameter
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mycelial disc of Phytophthora sp. was placed on the center of PDA plates (5 cm in
diameter) containing each crude extract. To obtain the desired concentrations, stock
crude extract was weighed, dissolved in 2% dimethyl sulfoxide, mixed into molten
PDA, and then autoclaved for 20 min at 121°C (15 psi). All plates were then incubated
at temperature of 28°C in the dark, and colony diameters and spore number were
measured calculated when the pathogen colonies developed fully on the control plates
(about 5 days). Finally, the inhibition of mycelial growth of the pathogens was
calculated as a percentage using the same formula (1) above. In which, A and B are the
colony diameters (after subtracting the diameter of the inoculum disc) or spore
production of the pathogens in the control and crude extract plates, respectively. In
addition, effective dose (ED,,) values for inhibition of mycelial growth and spore
formation were computed by probit analyses using SPSS Statistics ver. 19.0 software

(IBM Co., USA). All experiments were repeated twice.

3.2.4. In vivo test of Chaetomium spp. and their crude extracts for control

Phytophthora spp. in pot experiments

Spores and the most effective crude extract of each antagonist were used to
control Phytophthora sp. PHYO02 and Phytophthora sp. KAl in separate experiments,
under greenhouse conditions. Infested soil with 2.5 propagules of either Phytophthora
sp. PHYO02 or Phytophthora sp. KA1 per cubic centimeter of soil was prepared as
described in pathogenicity test. Five-wk-old pomelo seedlings were planted in plastic
tubes (10 x 15 cm) containing either infested soil or sterilized potting mix (non-
inoculated control scedlings). Spores suspension at 10* spores/ml and the most
effective crude extract each antagonist at concentration of 50 pg/mL were also
prepared. The experiments were arranged in Randomized Complete Block Designed

(RCBD) with 4 replications, treatments were performed as follows:
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T, = Non-inoculated

T, = Inoculated (control)

T, = Crude McOH of C. globosum CG05

T, = Crude McOH (or EtAOc) of C. lucknowense CLO1
T, = Crude MeOH of C. cupreum CC003

T, = Spore suspension of C. globosum CGO05

T, = Spore suspension of C. lucknowense CLO1

T, = Spore suspension of C. cupreum CC003

The treatments were biweekly applicd by pouring 100 ml of the crude extract at
concentration of 50 pg/mL or the spore suspension of tested Chaetomium spp. in each

tube, for 8 weeks. The non-inoculated and inoculated plants were treated with water.

After 8 wk maintained in the green house, data were collected as plant weight
and number root rots. The tested plants were washed off soil, and root tips in each
seedling were visually evaluated as number of root rots. Percentage of root rots was
calculated using following formula:

® Root rot (%) = 100 x (Numbers of root rots/ Total roots)

® Percentage of root rot reduction = 100 x (% Root rots of inoculated control
seedlings — % Root rots of seedlings in treatments)/ % Root rot of inoculated
control seedlings

The whole plants were dried in hot air oven at 65°C for 12 hr, and weighed.
Percentage of increase and decrease of dry plant weights were calculated by following

formulas:

® Increase of dry plant weights (%) = 100 x (Dry plant weight of seedlings in
treatments — Dry plant weight of control seedlings)/ Dry plant weight of

inoculated control seedlings



38

® Decrease of dry plant weights (%) = 100 x (Dry plant weight of non-
inoculated seedlings — Dry plant weight of seedlings in treatments)/ Dry

plant weight of non-inoculated seedlings

3.3. Data analysis

All data were subjected to analysis of variance (ANOVA) using SPSS Statistics
ver. 19.0 software (IBM Co., Armonk, NY, USA). Means were compared using

Duncan’s Multiple Range Tests (DMRT) at P = 005 and P = 0.01.



CHAPTER 4

RESULTS

4.1. Isolation, identification and pathogenicity of Phytophthora spp.
causing root rot of pomelo

4.1.1. Morphological identification

Six isolates of Phytophthora spp. were isolated from soil and root samples from

pomelo orchards. The isolates were morphologically identified into 02 groups.

The first group consisted of three isolates PHYO01; PHY02; and PHY03, was
isolated from samples collected in Chachoengsao provinee. All these isolates were
similar morphological characteristics. They were slow growth organisms, with colony
diameters after 7 days grown on PDA were less than 4 cm (Fig. 4.1). Colonies of these
isolates show stellate pattern with aerial mycelia when grown on PDA. Hyphae are
lumpy-branching with hyphal swellings. Sporangia produce readily and abundantly on
agar surfaces of PDA and V8A after 3 — 5 days, occur in groups on sympodium or
irregularly.  Sporangia are papillate and caducous with short pedicels (mean 3.3 p
long). Sporangial shape vary from ellipsoid, ovoid, pyriform, obpyriform to near
spherical, with a length to breadth ratio of 1.6 — 1.7 : 1 (Table 4. 1, Fig. 4.2, Fig. 4.3
and Fig. 4.4). Zoospores are directly released from sporangia when flooded in distilled
water. Most of chlamydospores are globose in shape, produced abundantly from
mycelia on agar surfaces of PDA and CMA. No sexual organ (oospores) was observed

in cultures of these isolates, thus, they are a heterothallic species.

The identity in morphological characteristics of PHY01, PHY02 and PHY03
suggests they belong to the same species. These characteristics are consistent with

descriptions of Phytophthora palmivora (Erwin and Ribiero. 1996).
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Figure 4.2. Morphological characteristics of isolate PHY01: A = 7-day-old culture on

PDA, B = Sporangia on a sympodium, C = Detached sporangium, D = Chlamydospore,

E = hyphae swelling (scale bars = 20 pm).
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Figure 4. 3. Morphological characteristics of isolate PHY02: A — C = Colony types of

PHYO02 at 7 days grown on different media, D — J = Sporangia, K and L = Sporangia

on sympodium, M = Lumpy-branching mycelia, N = Chlamydospore and swelling

hyphae (scale bars: L and M = 50 um, the others = 10 pm).
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Figure 4.4. Morphological characteristics of isolate PHY03: A = 7-day-old culture on

PDA, B = Sporangia on a sympodium, C = Detached sporangium, D = Chlamydospore,

E = hyphae swelling (scale bars = 20 pum).

The second group consisted of three isolates KA1l; KA2; and KA3, which was
isolated from samples that collected in Bangkok. Unlike the first group, all these
isolates of this group are fast-growth organisms, with colony diameters after 7 days
grown on PDA ranging from 83 — 87 mm (Fig. 4.1). Colonies of these isolates show
dense-aerial, arachnoid, and branched mycelia with hyphal swelling when grown on
PDA and V8A (Fig. 4.5, Fig. 4.6 and Fig. 4.7). However, their mycelia are sparse when
grown on CMA. No isolates of this group produce any spore type on agar surfaces of
the used media. The isolates form sporangia only when flooded with distilled water.
All the three isolates produce papillate, caducous sporangia with very short pedicels
with mean length ranging from 3.0 — 3.2 pm (Table 4.1). The sporangial shape is

predominantly subspherical and turbinate, with an average length-to-breadth ratio of



1.3:1. Chlamydospores of these isolates, which are globose in shape, form abundantly
when followed the method of Tsao (1971). Additionally, no sexual organs (oospores)
are observed in single culture of these isolates. Because of the identity in
morphological characteristics of isolates KA1, KA2 and KA3, they probably belonged
to one species. Most cultural and morphological characteristics of these isolates are

consistent with descriptions of Phytophthora nicotianae.

The isolates PHY02 and KA1, which represented for slow-growth and fast-
growth isolates respectively, were selected for molecular identification based on DNA

sequencing.
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different media, D — K = Sporangia, M = Chlamydospore, N = Hyphae swelling (scale

bars = 10 um).
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Figure 4.6. Morphological characteristics of isolate KA2: A = 7-day-old culture on

PDA, B = Detached sporangia, C — E = Sporangia, F = Chlamydospore (scale bars = 20

pm).

Figure 4.7. Morphological characteristics of isolate KA3: A = 7-day-old culture on

PDA, B = Detached sporangia, C - E = Sporangia, F = Chlamydospore (scale bars = 20

pwm).
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4.1.2. Molecular phylogeny based on DNA sequences

Furthermore, molecular was investigated to confirm species. Primers ITS5 and
ITS4 were used to amplify internal transcribed spacer regions (ITS1 and ITS2) and the
5.8S ribosomal DNA fragments of isolates PHY02. Meanwhile, primers ITS6 and ITS4
were used for amplifying the same regions of isolates KAl. Both PCR products of
isolates were about 900 kb. Nucleotide sequences of the ITS ribosomal DNA
fragments of isolates PHY02 and KA1 were then determined and deposited in the
GenBank under accession number KT175509 and KT175508, respectively. The DNA
sequences of the two isolates were used as queries to search in GenBank (NCBI) using
the BLAST function.

The BLAST analysis showed that the nucleotide sequences of PHY02 shared
99.75% identity with those of Phytophthora palmivora accession numbers PD00627,
PDO1515 and PD00491; and 99.87% identity with those of PD02505. Phylogenetic
analysis confirmed the relationships between PHY02 and these related taxa (Fig. 4.8).
The isolate PHYO02 was identified as Phytophthora palmivora, based on its

morphology and the molecular analysis.

P palmivora (PD_02503)

— PHY02 (This study)
100

P. palmivora (PD_00627)

P _palmivora (PD_01515)

P palmivora (PD_00491)

P quercetorum (PD_01143)

P megakarya (PD_01832)

—_
0.01

Figure 4.8. Phylogenetic tree showing relationship between Phytophthora palmivora
PHYO02 and related taxa inferred using a neighbor joining method based on internal
transcribed spacer (ITS) rDNA sequences. Bootstrap value based on 1,000 replications

is shown above the branch.
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For the isolate KA1, the analysis showed that its nucleotide sequences shared
100% identity with those of Phytophthora nicotianae accession Nos. GU111681 and
GU111670 from Citrus spp. in Taiwan; JF792541 and JF792530 from citrus soils in
India; and many other isolates existing in the GenBank database. Phylogenetic analysis
confirmed the relationships between KA1 and the related taxa (Fig.4.9). Thus, the

pathogenic isolate KA1 was identified as Phytophthora nicotianae.

According to identification, which based on morphology and molecular
phylogeny, it is confirmed the isolate PHYO02 is Phytophthora palmivora, and related
to isolates PHYOl and PHYO02. The isolate KA1 is confirmed as Phytophthora

nicotianae, which morphological closely related to isolates KA2 and KA3.

KAl (This study)

P._nicotianae (JF792341)
100

P nicotianae (JF792530)

P nicotianae (GU111681)

P nicotianae (GU111670)

P infestans (KC677500)

P pabnivora (PHY02)

—
0.01

Figure 4.9. Phylogenetic tree showing relationship between Phytophthora nicotianae
KA1l and related taxa base on the internal transcribed spacer ribosomal DNA
sequences, using the neighbor-joining method with 5,000 bootstrap replicates. P.
infestans (KC677800) (the species placed in the same clade 1 with P. nicotianae) was
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