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ABSTRACT

One hundred and forty seven isolates belonging to forty one species of
Pythium were used in this study. Pythium isolates were recovered from soil
from the Palestinian West Bank and Gaza using the VP3 selective medium

and the surface-soil-dilution plating technique.

The 1solates were used to test the robustness of the biometric approach

and to examine the taxonomic value of biometric characters.

Morphological characteristics including oogonium and oospore
diameters, oospore wall thickness and derived indices (oospore wall index

and aplerotic index) were used.

The biometric parameter set which consists of oogonium and oospore
diameters and oospore wall thickness were all of taxonomic value for the
separation of species. This was clearly shown from canonical variate plots

and cluster analysis.

By using multivariate analysis of variance in this study inter and intra
specific variations among Pythium species were demonstrated. However,
according to dendrogram and canonical variate plots some of Pythium
species were separated. Despite intra-specific variation, good species

separation was obtained.

Multivariate analysis of variance is shown in this study to be a useful

technique of taxonomic value for the separation of Pythium species.
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Introduction



1.1 Taxonomy of Pythium

The genus Pythium include many species that are pathogens of plants
and some are parasitic on other fungi (Plaats-Niterink. 1981). Pythium,
like others in the family Pythiaceae, are usually characterized by their
production of coenocytic hyphae, hyphae without septations. Oogonia
generally contain a single oospore and antheridia contain an elongated and
club-shaped antheridium. Originally, the genus Pythium was placed in the
Family Saprolegniaceae by Pringsheim in 1858 (Hendrix and Campbell,
1973). Currently, Pythium species are placed in the Family of Pythiaceae,
Class of Oomycota. The first Pythium sp. reported in the United States was
P. anandrum, which emerged in 1930s. The genus Pythium belong to the
family Pythiaceae (Waterhouse, 1973; Plaats-Niterink, 1981). The
scientific classification of this genus as follows (Dick, 1990).

Domain: Eukaryota
Class:  Oomycetes
Order:  Peronosporales
Family: Pythiaceae
Genus: Pythium

1.2 Pythium life cycle

Pythium root rot and wilt is caused by various fungus-like pathogens
in the genus Pythium. The diseases are favored by high soil moisture and
moderate to high temperature. Varietal susceptibility will also influence
disease development. Pathogen survival and inoculum buildup are favored
by soils with high organic matter and poor drainage. Susceptibility can be
increased if roots are damaged during cultivation or by other soil-related

problems, such as nematode feeding.
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The fungus can be transported within and between fields by
contaminated irrigation water. Occurrence is also favored by improper crop
rotation. The pathogen survives pathogenically on weeds and in the soil as

dormant oospores (Schwartz and Gent, 2005).

Pythium survives in the soil as oospores, hyphae and sporangia. The
fungus can survive unfavorable soil moisture and temperatures for several
years as oospores. Oospores may form a germ tube directly to infect the
plant or they may form sporangia. The sporangia produce zoospores,
which are the motile form of the fungus. The zoospores swim around
briefly before encysting and forming a germ tube, which can cause
infection. Sporangia that have developed on plant tissue can germinate in a
similar manner as the oospores, by either germinating directly or by

forming zoospores (Hendrix and Campbell, 1973).

The pathogen is dispersed when infected debris is transported to
uninfected areas and when the soil moisture is enough to allow the

zoospores to swim freely (Bruehl, 1987).

Infection

Encysted

z00spore @/'
Germina-
~ tion t

Zoospore

Coenocytic mycelium
and sexual
reproductive
structures

Figure (1.1): General depiction of oomycete life cycle (Adopted from plant
clinic - Cornell Education).



1.3 Epidemiology of Pythium

There are many Pythium species with varying degrees of host
specificity and pathogenicity. Diseases can be expressed as seed decay,
pre- or post-emergence damping off and infection of the roots or stems of
young plants. The pathogen is inclined to moist soils typical of those

subjected to excess irrigation, poor drainage and very high humidity

Hosts susceptible to Pythium root rot include cucurbits (melon,
squash, cucumber, watermelon and pumpkin), onion, lettuce, beans,
mungbeans, soybeans, maize, potatoes, coffee, pineapple and sugarcane.

The seedlings of many plant species are susceptible to damping off.

The composition of the pathogen complex can affect Pythium species
because the biological characteristics such as pathogencity of each species
are different, because the factor usually affecting epidemicity may modify
the behavior of each species. The pathogenic capacity is largely
determined by the available enzymes. Many species can attack a variety of
hosts, others are restricted to one host species. Infection depends on
several factors: inoculums density, soil water content, temperature, pH,
light intensity, cation content and presence of micro- organisms. Sufficient
amount or excess of soil water often favor infection and the severity of
attack. The influence of temperature depends on the species of Pythium
involved and the optimum for infection is not always the same as that for

growth in pure culture (Bagnall, 2007).

Pythium species may infect planted seeds prior to germination,
germinating seedlings, young plants, or older plants during blossoming and

fruit formation (Pythium spp. also produces root diseases in adult plants
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(Hendrix and Campbell, 1973). It is one of the pathogens capable of
causing seed decay and seedling death. Initial root rot symptoms appear as
elongated water-soaked areas on the hypocotyl and roots, within one to
three weeks after planting. The pathogen will extensively prune roots,
reduce overall plant growth, and destroy much of the hypocotyl and main
root system. The water-soaked region may extend several inches above the
soil line, with little, if any, visible evidence of the fungus. These regions
eventually dries out, becomes somewhat sunken, and tan to brown in color.
Plants then wilt and die. Disease development later in the season results
when fruit pods in contact with the soil become infected. These pods
exhibit a watery soft rot, or a mass of white fungal growth, but black

sclerotic do not form as with white mold (Bagnall, 2007).

Pythium damping off is a very common problem in fields and
greenhouses, where the organism kills newly emerged seedlings (Jarvis,
1992). Many Pythium species, along with their close relatives,
Phytophthora species are plant pathogens of economic importance in
agriculture. Pythium spp. tend to be very generalistic and unspecific in
their host range. They infect a large range of hosts, while Phytophthora spp.
are generally more host-specific. For this reason, Pythium spp. are more
devastating in the root rot they cause in crops, because crop rotation alone
will often not eradicate the pathogen (nor will fallowing the field, as
Pythium spp. are also good saprotrophs, and will survive for a long time on

decaying plant matter).

The damage caused by Pythium spp. in the field crops is limited to the
area affected. This is because the motile zoospores need ample surface

water to travel long distances and the capillaries formed by soil particles
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act as a natural filter. In hydroponic systems inside greenhouses, where
extensive monocultures of plants are maintained in plant nutrient solution,
that is continuously re-circulated to the crop, Pythium spp. cause extensive
and devastating root rot and is often difficult to prevent or control. The
root rot affects entire operations within two to four days due to the inherent
nature of hydroponic systems where roots are nakedly exposed to the water
medium, in which the zoospores can move freely (Jarvis, 1992; Owen-

Going et al., 2003; Bagnall, 2007).
1.3.1 Management of Pythium plant diseases

In recent years there has been considerable interest in exploiting soil
microorganisms for the control of fungal and bacterial plant diseases. A
substantial body of research has clearly shown that microorganisms
introduced onto subterranean plant parts will colonize seeds and roots,
where they provide promising levels of biological disease control of seed-
and root-infecting fungal plant pathogens (Handelsman and Stabb, 1996).
Current models for microbial control of soil borne plant diseases have
focused on antibiotic biosynthesis, parasitism, induced systemic resistance,
and microbial competition (Whipps, 1997). At present there is evidence to
support those models involving antibiotic biosynthesis (Cook et al., 1995),
parasitism (Jeffries, 1995), and induced systemic resistance (Van Loon et

al., 1998).

For competitive interactions to occur, both the introduced microbial
strain and the plant pathogen must compete in time and/or space for some
common resource. Recent study by Van Dijk and Nelson, (2000), based on
study system in which a common resource is known to be utilized by

Pythium ultimum, and the introduced bacterium, Enterobacter cloacae,
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showed that E.cloacae can suppresses Pythium seed rot. The study
focused on P.ultimum because it is one of the most destructive plant
pathogens, causing seed and root diseases of a wide variety of
economically important plants (Martin and Loper, 1999). Despite their
virulence, Pythium spp. are generally considered to be poor microbial
competitors in the presence of other plant-associated bacteria (Elad and
Chet, 1987; Tedla and Stanghellini, 1992). To compensate for this, Pythium
spp. rely on the production of survival propagules such as oospores and
sporangia (Stanghellini and Hancock, 1971; Stanghellini, 1974), which
germinate rapidly in response to fatty acids present in the exudates of
germinating seeds (Ruttledge and Nelson, 1997). This allows Pythium
species to infect seeds at a time when microbial activities, and thus

competitive interactions, are low around the surface of the seed.

An approach for reducing this rapid response to exudates and the
subsequent infection of plants by Pythium species has been to introduce
bacteria on the surface of the seed at the time of planting. One of the more
effective bacterial species studied for its Pythium suppressiveness is
E. cloacae (Martin and Loper, 1999). A unique feature of some E. cloacae
strains is that they can rapidly reduce the germination of survival
propagules and subsequent seed colonization and infection by P. ultimum
(Van Dijk and Nelson, 1998). The researchers observations suggest a
biological control process mediated by competition between E. cloacae and
P. ultimum for specific molecules such as fatty acids released by
germinating seeds, which results in the suppression of Pythium propagule

germination and subsequent plant infection.
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Several Pythium species, including P. oligandrum, P. nunn, P.
periplocum, and P. acanthicum are mycoparasites of plant pathogenic fungi

and oomycetes, and have received interest as potential biocontrol agents.
1.4 Identification of Pythium species
1.4.1 Morphological criteria

Colony morphology is rarely used as a criterion for identifying
Pythium species, however the feature shown by some species is distinctive
colonies on CMA and reveals various patterns depending on species and
temperature from an indefinite pattern through radiation to chrysanthemum
and rosette (Yong-nian and Guo-zhong, 1989). The hyphae of Pythium are
cylindrical usually irregularly branched, often hyaline, sometimes lustrous
occasionally slightly colored. In young hyphae protoplasmic streaming is
often clearly visible. The most important criteria for Pythium species
delimitation 1s morphological characteristics which are: hyphal swellings,
sporangia, zoospores, antheridia, oogonia and oospores (Yong-nian, and

Guo-zhong, 1989).
1.4.1.1 Hyphal swellings

In many Pythium species hyphal swellings are formed and may be
globose, subglobose, limoniform, elliptical or irregularly shaped. In some
species hyphal swellings are formed in chains. In most cases they are
difficult to distinguish from young sporangia or oogonia and can germinate

and form a new thallus.

Appressoria are essentially hyphal swellings which are frequently

found in agar cultures, especially in species with filamentous sporangia.
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They may be simple or complex, straight, curved, inflated; knob-like which

become flattened when applied to surface (Yong-nian and Guo-zhong,

1989).

1.4.1.2 Sporangia and zoospores

There are three well know types of sporangia among Pythium species.

These include:

1-

Filamentous sporangia: consist of fertile variable length separated
from adjacent mycelium by a cross-wall. They may be simple or
branched with similar dimension that can hardly be distinguished
from vegetative hyphae, unless the vesicle and zoospores indicate the

location of the sporangial part.

Lobulate sporangia: strongly inflated, forming lobulate, dactyloyed

or toruloid elements, which extends outward in all directions.

Spheroid sporangia: vary in shape size and position on the
supporting hyphae. The sporangia may be spherical to subspherical,
ovate to obovate, ellipsoid, pyriform and truncate, acrogenous,
intercalary. Spherical elements may join together in short chains to

form catenulate sporangia (Yong-nian, and Guo-zhong, 1989).

Figure (1.2): Spherical sporangia of P. ultimum. (Allen et al. 2004,
http://www.apsnet.org)



10

1.4.1.3 Antheridia and oogonia

Morphology of antheridia is used as an important tool for
identification of Pythium species. In general, there are three recognized
types of antheridia among Pythium species. These include: monoclinous,
diclinous and hypogenous. Antheridia vary in shape, size, number and
place. They may be calvate or allantoid, globose or oblong, sub-orbicular
or trumpet-shaped and may borne terminally or intercalary. For each
oogonium there are one to twenty five or more antheridia (Yong-nian, and

Guo-zhong, 1989).

The oogonia are usually spherical to sub-spherical when acrogenous
and ellipsoid to limoniform when intercalary. The oogonial wall may be
smooth or ornamented with projections which may be short or long,

straight or curved, digitate or conical, mammiform or papillate.

antheridium

oogonium

Figure (1.3): Oogonium and antheridium of P. ultimum
(http://www.apsnet.org/education/IllustratedGlossary/default.htm)
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1.4.1.4 Oospores

Oospores produced after fertilization which takes place inside the

oogonia. The oospores were usually globose and rarely spherical.
1.4.2 Morphological characteristics

Species identification in the genus Pythium depends mainly upon
morphological observation of various structures. The morphological
criteria most often used are the mature structure and size of the oogonia,
oospores, sporangia and hyphal swellings. Morphological variations
among the different structures were used as taxonomic tool for
differentiation of the different species (Sideris, 1932; Middleton, 1943). For
species differentiation Middleton (1943) depended on morphological
characters such as the origin and morphology of the antheridium; the
sporangial form; the plerotic or aplerotic condition of the oospore; the
thickness of the oospore wall; the smooth or echinulate character of the
oogonial wall, and cardinal temperatures. Oogonial size and dimensions
were of no taxonomic value. Matthews (1931) and Waterhouse (1967)
relied heavily on reproductive cell size for species differentiation, however,
Hendrix & Campbell (1974) showed that the size of reproductive structures
changed with time in culture, and therefore doubted the validity of spore
sizes as a valid taxonomic character. Ho (1975) reported that oospore size
is stable character under different cultural conditions and a number of

Pythium isolates showed considerable intra-specific variations.

As taxonomic disjunctions can only be deduced from studying
different isolates taken from various places at different times, under unified

standard culture condition, most previous studies were unable to asses
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intra-specific variations and a major weakness in these studies that they

depended on single isolates in some cases.

Plaats-Niterink, in 1981, utilized more detailed morphological
characters such as reproductive cell size and some physiological characters
such as maximum temperature and daily growth rate of eighty five Pythium

species including heterothallic species.
1.4.2.1 Multivariate analysis to aid identification of Pythium species

Statistical methods are available for analyzing data consist of multiple
variables (James and McCulloch, 1990; Stevens, J. 1992; Hair, et al., 1998;
and Kenkel, et al., 2002). Such methods use three major tools: (i)
ordination, which aims at describing data by identifying a reduced data
dimension of a few variables that account for the greatest amount of
variability in the data; (i1) discrimination, which aims at delineating
experimental groups or classifying observations into experimental groups
based on a set of variables; and (ii1) canonical, which aims at describing

and predicting the relationship between two sets of variables.

Multivariate data analysis i1s based on two features: (1) linear
combinations of variables or variates, and (2) distances or measures of
association. In addition to these features (Hair , et al., 1998) defined two
notions that need to be considered in multivariate analysis. First, is the
nature of variables, which may be either metric (quantitative or numerical)
or nonmetric (qualitative or categorical). Second, is the notion of
dependency or interdependency. In the dependency context, one or several
variables designated as dependent variables are influenced in magnitude by

another set of variables designated as independent variables. In the
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interdependency context, variables are not designated as either dependent
or independent. On the basis of these features, several multivariate
statistical tools have been developed (Hair et al., 1998; James and
McCulloch, 1990).

Multivariate tools have been employed to varying degrees in the
phytopathological literature. A bibliometric search of the Biological
Abstract database (Silver Platter Information, Norwood, MA), from 1997 to
2003, indicates that ordination and discrimination tools have, by far, been
used frequently compared with canonical analyses. Among the ordination
methods, correspondence analysis was the least used, and multivariate
analysis of variance (MANOVA) was the least used among discrimination

methods.
1.4.2.1.1 Multi analysis of variants (MANOVA)

MANOVA is a procedure for assessing differences among several
nonmetric independent variables based on the linear combination of several
metric dependent variables. This procedure enables the simultaneous
examination of several dependent variables. Golinski et al., (2002) used
MANOVA to assess the effect of two pathogens (Fusarium avenaceum
and F. culmorum) on three yield components (1,000-kernel weight and
weight and number of kernels per winter wheat head) of 14 winter wheat
cultivars in a 2-year study. The dependent variables were the three yield
components and the independent variables were pathogens, years, and
cultivars, including interaction terms among these three factors. Similarly,
Evans et al., (1997) used MANOVA to examine differences in host
penetration and colonization by Alternaria linicola in three genotypes

(susceptible, moderately resistant, and resistant) of Linum usitatissimum.
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1.4.2.1.2 Canonical correlation

The goal of canonical correlation is to describe the association
between two sets of variables. For example, it may be desired to relate
differences in pathogenic microflora at a given geographical location to
differences in botanical composition or environmental/edaphic conditions
at the same location. Schlosser et al., (2000) working on rice blast (caused
by Pyricularia grisea) in six upland rice cultivars, used canonical
correlation to characterize the relationship between plant morphological
variables (plant height, leaf length, leaf area, and plant growth rate) and

disease variables.
1.4.1.3 Molecular differentiation of Pythium species

Identification of Pythium species, especially those with similar
morphological features is often difficult. In 1991, Brasier showed that
Phythophthora species, a close relative of Pythium, could evolve relatively
rapidly and changes in morphology might lag behind pathological
capability. These observations emphasizes the need for more advanced

techniques rather than morphologic features for differentiation purposes.

Recently, advances in molecular biology contributed several important
tools for confirmation of the validity of species. These approaches aid to
help answer question as to whether certain morphological features are valid
for differentiating species and whether certain species that are similar
morphologically actually are similar genetically. Many tools were used to
differentiate Pythium species. Among these; protein electrophoresis,

isoenzyme patterns, and restriction fragment length polymorphism

(RFLPs).
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Using synthetic oligo-nucleotide probes complementary to specific
diagnostic regions, the phylogeny of 116 species and varieties of Pythium
was studied using parsimony and phenetic analysis of the ITS region of the
nuclear ribosomal DNA (Lévesque, and Cock, 2004), more than 100
species were differentiated.  Hybridization patterns included cluster-
specific oligonucleotides that facilitated the recognition of these species
(Erwin and Ribeiro, 1996). The use of polymerase chain reaction technique
(PCR) was also used as a taxonomic tool for differentiation of various

Pythium species (Kageyama, et al., 1997).

1.5 Use of multivariate analysis for differentiation of Pythium
species

Multivariate analysis of variance techniques have only been used by
few workers ( Ali-Shtayeh, 1982; Shahzad, 1992 and M@ller and
Hochenhull, 2001) in assessing inter- and intra-specific variation in
Pythium species or in solving the practical problems of interpreting
biometric data. This might be due to lack of enough adequately estimated

characters for different isolates from each of the different species.

A multivariate analysis of variance has been employed by these
researchers to examine inter- and intra-specific variation for those taxa
available. It cannot be a complete analysis because not all species hd been
isolated and not all species possess the characters which these studies had
used. The number of characters was, in any case, well below that normally
regarded as reasonable for numerical taxonomy in other groups. It has,
never-the less, claimed to be a useful tool for separating groups of isolates.
The characters used were oogonia, oospore dimensions and oospore wall

thickness.
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More speacies and isolates were used in this work, the characteristics
which are able to measuring were select ; for example ooplast diameter
wasn’t used because it difficult to measure and in one oospore may be
found more than one ooplast. Samples were collecting from different
environmental society . Adding to biometric characteristics morphological
characteristics were used and species were divided in groups according to
morphological characteristics which are (oogonia type, sporangia type and

aplerotic index).
1.6 Objectives
The present study aimed at:
1-  Assessing inter- and intra-specific variations in Pythium species.

2-  Differentiation of various Pythium species using of maltivariate

analysis of variance.

3- Examine the taxonomic value of biometric characters from a

practical perspective.

4-  Investigate whether the biometric data alone would still delimit
single species well. And possibly solving practical problems of
interpreting biometric data by using multivariate analysis of variance

techniques.
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Chapter Two

Materials and Methods
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2.1 Isolates of Pythium species examined

One hundred and forty seven isolates belonging to species of Pythium
were used in this study (Table A.1). The majority (144) of the isolates were
obtained from Professor’s Ali-Shtayeh’s fungus culture collection at An-
Najah National University. These isolates were recovered by Prof. M. S.
Ali-Shtayeh during the course of ecological work he carried out where a
large number of Pythium isolates were recovered from soil from the
Palestinian West Bank and Gaza. Many of these have been kept as axenic
isolates. The remaining isolates (3) were recovered by the author from soil,
using the VP3 selective medium and the surface-soil-dilution plating

technique (Ali-Shtayeh et al., 1986).
2.2 Preparation of isolates for examination

Uni-fungal i1solates were prepared and grown on wet-sterilized, natural
substrates in water (Dick, 1990). For microscopic examination, mounts of
living material in water mounts ringed with a temporary sealant were
prepared. Hyphae were cut from baits using rocking movement of a large
round-edged scalpel blade. Excised material was floated over a partly
submerged square cover glass. The cover glass was gently raised out of
water keeping it almost horizontal, so that excess water drains from the
edges and spreads out the hyphae. Underside excess of water was then
drained and the cover glass was inverted over a drop of water on a slide.
Excess water was blotted away from the edges of the mount using folded
tissue held against the edge of the cover glass. A well-made temporary
preparation remains in healthy living conditions for at least 24h, especially

if refrigerated (Dick, 1990).
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2.3 Collection of biometric and descriptive data

2.3.1 Direct observations

For each isolate, a total of 25 individual growth from each slide was
examined separately and the mean of three measurements was used for
each character. The following measurements and criteria were used in data

collection:

1. Diameter of the oogonium, ignoring spines or papillae was recorded.
Measurements of the diameter of up to 25 oogonia (og) were

recorded and the mean value was used.

2. Measurements of the diameter of up to 25 oospores was carried out.
The mean value for oospores (os) and the standard deviation was

determined.

3. Oospore wall thickness (ot) was determined and measurements of up

to 25 oospores were used.

=

Figure (2.1): Diagram of measurable oogonial criteria: oogonial diameter,
OG; oospore diameter, OS; oospore wall thickness, OT.
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2.3.2 Derived data

1-  Aplerotic index

For the purpose of the current research, plerotic was used for an oospore
which occupies more than 75% of the oogonial volume; nearly plerotic was
used for an oospore which occupies from 66% to 75% of the oogonial
volume; and aplerotic was used for an oospore which occupies less than

65% of the oogonial volume.

The aplerotic index was calculated using the following formula (Dick,

1990).

o_sl 3 0s25 3
2 2
2:—————, ......... |,
2 2

2- Wall index

The relative volume of the oospore occupied by wall material was

called the wall index.

The wall index was calculated using the following formula (Dick, 1990).
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2.4 Statistical analysis

Correlations between pairs of variables within upper triangle and
between lower triangle for means of measured diameters (oogonia and
oospores), oospore wall thickness and distribution of oospore diameters

and oospore wall thickness for all isolates were determined.

According to the morphological characteristics of Pythium isolates, the
species were divided into three main groups according to their aplerotic

index.

Based on morphological characteristics of both sporangia and oogonia,

Pythium species were classified to four major groups including:

1- Smooth oogonia and globose or subglobose sporangia

2- Spiny oogonia and globose sporangia and/or hyphal swellings
3-  Filamentous (non-swollen) sporangia

4-  Lobulate sporangia

Collected data concerning the various groups mentioned above was

then analyzed using multivariate analysis of variance.

Data concerning the studied four variables were collected from the 147
isolates. Twenty five individual measurements were used for each variable
in each isolate. Data concerning the various groups resulted from
morphological findings was analyzed using SPSS. Clustering analysis and
canonical variate analysis were used in order to differentiate between

Pythium species.
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2.4.1 Clustering analysis

In the present study, average linkage clustering techniques was used in
order to avoid extremes that might be introduced by single and complete
linkage clustering techniques (Kerbs, 1998). Cluster analysis made use of
the computer program statistical program for social sciences (SPSS —

Version 13.0, 2005).
2.4.2 Canonical variate analysis

The first canonical variate defines the combination of measures used
and gives the best greatest separation of isolates. The second canonical
variate defines the next best dimension for separating isolates. The number
of possible canonical variate corresponds to the number of variables. The
value of a specific parameter for the group discrimination may be assessed
by its correlation to the different canonical variate and these correlations
were calculated. Since groups (species or isolates) are discriminated by
their differences in canonical variate, and the variates are non-correlated,
the extent to which the parameters separate groups may be well visualized
by plotting, for example, the first varieties against the second varieties,
since the varieties are collective expressions of several parameters. Such
plots were made where appropriate. When species are used as group
centers in the analysis, the fractions of single observations correctly
allocated to their species of origin and fractions misclassified to other
species are calculated on the basis of distance evaluations, thus giving a
more detailed evaluation of how will the biometric parameters separate
species compared with what could be obtained from plots of canonical

variates (M@ller and Hockenthull, 2001).
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Chapter Three

Results
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3.1 Results

According to analysis, the approach has been to start by considering
each variable on its own, then proceeding to all of them together. The
results showed that there are real differences between isolates in the means
of each of the three variables. However, this is of little value when there is
a continuum of isolates between the two extremes, e.g., a small oospore

diameter and large oospore diameter.

Figure 3.1 and Figure 3.2 show the distribution of means of oospore
diameter, and oospore wall index. The distribution of each variable is
remarkably uniform, with a few outlying species at the lower and upper
extremes of each variable. From plots it can be seen that discontinuities
between isolate means are few and extremely narrow (Moller &

Hockenthull, 2001).

The use of any of these variables, on its own, will not allow species
or isolates to be separated without introducing arbitrary cut-off points, with
some isolates falling on either side of the cut-off. I therefore considered all

variables together.
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Table 3.1 shows high correlation between the two diameters and
moderate correlation between the diameters and wall thickness. Thus large
oogonium diameter tends to go with a large oospore diameter. This is in

agreement with the findings of Shahzad et al. (1992).

The correlation between the original variables and derived index are
much smaller. Correlations between measured parameters and their derived
indices are low within isolates and genarly low between isolates, although

higher than those found by Shahzad et al (1992),

Table (3.1): Correlations between pairs of variables within (upper triangle
and between lower triangle) for means of species isolates

Character Oogonium | Oospore [Oospore wall| Wall index
diameter | diameter | thickness
Oogonium diameter 1 914 506 .047
Oospore diameter 914 1 .589 167
Oospore wall thickness 506 .589 1 71
Wall index .047 167 771 1

We now consider all three variables and show the value of
considering them jointly when describing the isolates canonical variate

analysis is used.

The technique is used for finding variables or combinations of
variables that best discriminate between groups of individuals. Here
oogonia are the individuals, and isolates are the groups. I am looking for
measures that allow isolates, or at least isolates of different species, to be
separated. The first canonical variate defines the combination of measures
used which gives the greatest separation power of isolates. The second
canonical variate defines the next best dimension for separating isolates

(Korzeniowski, 1987).
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A canonical variate analysis was carried out using all three variables
(oogonium diameter, oospore diameter, and oospore wall index). A
dendrogram using average linkage (between groups) was constructed for

each analysis.

Of the forty one species (Table A.3) used in this work, twenty three
possessed smooth oogonia and globose or subglobose sporangia and/or
hyphal swellings, six possessed spiny oogonia, seven species possessed
filamentous (non-swollen) sporangia, five species possessed lobulate
sporangia, eighteen species possessed plerotic oospores, four possessed

nearly plerotic oospore, and nineteen possessed aplerotic oospores.

3.2 Canonical variate analysis using all three variables for all
Pythium species used in this study.

3.2.1 Canonical variate analysis using means of isolates

Twelve groups of isolates (Table A.1.4) can be seen from the plots
of means of isolates of all Pythium species on canonical variates 1
(horizontal) which explained 63.5 % and 2 (vertical) (Figure 3.3) which
explained 27.5 % of the variance (three characters, oogonium dimension,

oospore dimension, and oospore wall thickness were employed).

And from the constructed dendrogram (Figure 3.4) six groups of
isolates (Table 3.2) can be seen. Pythium graminicola was the only species
that could be easily segregated on the basis of their oogonial and oospore

dimensions, having significantly larger oogonia and oospores.

However, two isolates of Pythium species although formed a group

on it characters one isolate of Pythium dissimile and the other isolate of P.
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tenue. Groups 1-4 consist of species which are obviously difficult to

separate on the basis of their oospore and oogonial dimensions alone.

Based on studied criteria only one species separated from the other.
Inter and intra specific variations in the species studied were large enough
to mask the differences between species and therefore, one species could be

separated on these basis (P. graminicola) which has the largest oogonia and

oospore.
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Figure (3.3): Plots of 147 isolate of Pythium species, on two canonical
variates 1 (horizontal), 2 (vertical); characters used are: oogonia diameter,
oospore diameter, oospore wall thickness.
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Figure (3.4): Dendrogram for all isolates of Pythium species, characters
used are: oogonia diameter, oospore diameter, and oospore wall thickness.
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Table (3.2): Cluster groups for all isolates of Pytium species

thickness

cluster 1 cluster 2 cluster 3 cluster 4 cluster 5 cluster 6
P.acanthicum(1-5) P.anandrum (1-4) P.aquatile(1-17) P.conidiophorum(1,2) P.dissimile (2) P.graminicola (1,2)
P.aphanidermatum(1,3) | P.aphanidermatum(2) P.coloratum(2-4) P.dissimile(1) P.tenue(2)
P.coloratum (1) P.iwayami (1) P.debaryanum(2-11) P.mamillatum (3)
P.debaryanum (1) P.lucens (1,2) P.dissotocum(1-5) P.papillatum (1,2)
P.echinulatum (1,2) P.pachycaule (1,2) P.irregulare(1-7) P.parvum (1-4)
P.iwayam (2,3) P.pulchrum (1) P.mamillatum (1,2) P.salpingophorum(1,2)
P.middletonii (1-3) P.pyrilobum (2) P.monospermum (1,2) P.spinosum (2,3)
P.oligandrum (1) P.violae (1,2) P.nagaii(1,2) P.tenue(1)
P.paroecandrum(1-4) P.oligandrum (2) P.torulosum (1-3)
P.pulchrum (2,3) P.rostratum (2-6) P.minus (1-3)
P.pyrilobum (1) P.salinum (1,2)
P.rostratum (1) P.spinosum(1)
P.sylvaticum (1,2) P.tracheiphilum (1,2)
P.ultimum.var.sporangi P.ultimum.var.sporan
iferum (1-7) giiferum (8-10)
P.ultimum var P.ultimum var
ultimum(1,3) ultimum(2)
P.vexans(1-3) P.vantrepoolii(2)
P.vantrepoolii (1)
P.sp (ma2153)(1,2)
P.lutarium (1,2)
Range of 19.6-24.8 243-28.5 16.8-20 12.6-16.8 11.4-11.8 26-26.2
oogonia
Range of 15.6-20.44 19.8-24.3 13.8-18.6 12.5-16.2 9.2-11.4 26-26.2
00spore
Range of
oospore wall 0.86-2.8 0.8-3.23 0.5-2.5 0.5-1.9 0.9-1 2.5
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3.2.2 Canonical variate analysis using means of species

From the constructed dendrogram (Figure 3.4) five groups of isolates
(Table 3.3) can be seen. Pythium graminicola was the only species that
could be easily segregated on the basis of their oogonial and oospore
dimensions, having significantly largest oogonia and oospores. Groups 1-4
consist of species which are obviously difficult to separate on the basis of

their oospore and oogonial dimensions alone.

When species were clustered by using the mean of isolates the result
wasn’t change. Inter and intra specific variations in the species studied
were large enough to mask the differences between species and there for
one species could be separated on these basis (P. graminicola) which has

the largest oogonia and oospore.
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Figure (3.5): Dendrogram for isolates of Pythium species means, characters
used are: oogonia diameter, oospore diameter, and oospore wall thickness.
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clusterl cluster 2 cluster 3 cluster 4 cluster 5
P.anandrum P.acanthicum P.aquatile P.conidiophorum P.graminicola
P.aphanidermatum P.echinulatum P.coloratum P.dissimile
P.iwayami P.lutarium P.debaryanum P.minus
P.lucens P.middletonii P.dissotocum P.papillatum
P.pachycaule P.oligandrum P.irregulare P.parvum
P.pulchrum P.paroecandrum P.mamillatum P.salpingophorum
P.pyrilobum P.sylvaticum P.monospermum P.tenue
P.sp (ma2153) P. UIt'ml.J.m var. P.nagaii P.torulosum
sporangiiferum
P.violae P-“'t”.““m var P.rostratum
ultimum
P.vexans P.salinum
P.spinosum
P.tracheiphilum
P.vantrepoolii
Range of oogonia 22.55-26.6 20.03-23 17.07 12.4-15.67 26.1
Range of oospore 19.53-22.9 17.21-19.55 14.6-18.75 10.95-15.76 26.1
Range of oospore 0.85-2.523 1.15-2.3 0.85-2.65 0.5-1.85 25

wall thickness
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3.2.3 Canonical variate analysis using means of isolates for Smooth

oogonia and globose or subglobose sporangia

Eight groups of isolates (Table A.4.4) can be seen from the plots of
means of isolates of all Pythium species on canonical variates 1 (horizontal)
which explained 52.8 % and 2 (vertical) (Figure 3.6) which explained 28.9

% of the variance.

And from the constructed dendrogram (Figure 3.7) five groups of
isolates (Table 3.4) can be seen. Pythium conidiophorum was the only
species that could be easily segregated on the basis of their oogonial and

oospore dimensions, having significantly smallest oogonia and oospores.

Based on studied criteria only one species separated from the other.
Inter and intra specific variations in the species studied were large enough
to mask the differences between species and therefore, one species could be
separated on these basis (P. conidiophorum) which has the largest oogonia

and oospore.

However, one isolate of Pythium ultimum var ultimum although
formed a group on it characters, because it has significantly smaller
oogonia and oospores between the other isolates of the same species. Intra
specific variations in this species studied were large enough to mask the
differences between isolates of Pythium ultimum var ultimum and other
species. Groups 2-4 consist of species which are obviously difficult to

separate on the basis of their oospore and oogonial dimensions alone.
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Figure (3.6): Plots of 76 isolates with smooth oogonia and globose or
subglobose species of Pythium species, on two canonical variates 1
(horizontal), 2 (vertical); character used are: oogonia diameter, oospore
diameter, oospore wall thickness.
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Dendrogram for smooth oogonia and globose or subglobose

isolates of Pythium species, characters used are: oogonia diameter, oospore
diameter and oospore wall thickness.
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Table (3.4): Cluster groups for Smooth oogonia and globose or subglobose Pythium isolates

group 1 group 2 group 3 group 4 group 5
P.Conidiophorum P.debaryanum (1- P.debaryanum P.debaryanum (9) P.ultimum var
(1,2) 4,6,7,10) (5,8,11) ' ultimum (1)
P.irregulare (1-5) P.irregulare (6) P.irregulare (7)
P.middletonii (2) P.iwayamai (1-3) P.nagaii (2)
P.nagaii (1) P.middletonii (1,3) P.pareocandrum (3)
P.pazic’);%drum P.pulchrum (2) P.pulchrum (1)
. P.ultimum var
P.pulchrum (3) P.pyrilobum (1) ultimum (3)
P.pyrilobum (2) P.salinum (1) P.violae (1,2)
P.rostratum (1-6) P.salplag;p))horum
. P. ultimum var.
P.salinum (2) sporangiiferum (10)
P.sp.(ma2153) (1,2) P.vexans (1,2)
P.sylvaticum (1,2)
P.tracheiphilum (1,2)
P.ultimum var.
sporangiiferum (1-9)
P.ultimum var
ultimum (2)
P.vexans (3)
Range of oogonia 13-13.2 17.3-24.8 14.9-25.6 17.3-28.5 21.93
Range of oospore 12.5 14.1-21.3 14.3-21 14.3-23.8 19.52
Range of oospore 1.8-1.9 0.8-1.5 1.2-2 0.6-1.4 2.34

wall thickness
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3.2.4 Canonical variate analysis using means of isolates for Spiny

oogonia and globose sporangia and/or hyphal swellings

Six groups of isolates (Table A.5.4) can be seen from the plots of
means of isolates of all Pythium species on canonical variates 1 (horizontal)

which explained 89.6 % and 2 (vertical) (Figure 3.8) which explained 9.8

% of the variance.

And from the constructed dendrogram (Figure 3.9) three groups of
isolates (Table 3.5) can be seen. Pythium anandrum was the only species
that could be easily segregated on the basis of their oogonial and oospore

dimensions, having significantly larger oogonia and oospores.

Based on studied criteria only one species separated from the other.
Inter and intra specific variations in the species studied were large enough
to mask the differences between species and therefore, one species could be
separated on these basis (P. anandrum) which has the largest oogonia and

oospore.

Groups 1,3 consist of species which are obviously difficult to

separate on the basis of their oospore and oogonial dimensions alone.
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Figure (3.8): Plots of 18 isolates with spiny oogonia and globose sporangia
and/or hyphal swellings of Pythium species, on two canonical variates 1
(horizontal), 2 (vertical); character used are: oogonia diameter, oospore
diameter, oospore wall thickness.



40

Rescaled Distance Cluster Cownbine

C L3E a 5 10 15 Z0 Z5
Lahel L - - o o +
acanthl 1
acanth 2
echinul 10
echinud 11
acanthi 3
acanths 5
acanthd 4 :I—
oligani 14
mamill 12
mamila 13 }7
oligans2 15
spinoz 17
zpinoi3 15 :|_—
spinol 16 —
anandz 7
anandid =1 :|_
anandl &
anandd = e

Figure (3.9): Dendrogram for spiny oogonia and globose sporangia and/or
hyphal swellings isolates of Pythium species, characters used are: oogonia
diameter, oospore diameter, and oospore wall thickness.

Table (3.5): Cluster groups for Spiny oogonia and globose sporangia and/or
hyphal swellings Pythium isolates

cluster 1 cluster 2 cluster 3
P.acanthicum | P.anandrum (1- | P.mamillatum
(1-5) 4) (1.2)
P.echinulatum P.oligandrum
(1.2) 2)
P.oligandrum P.spinosum
(1) (1-3)
Range of oogonia 20.5-23.13 25.3-27.4 16.2-19.2
Range of oospore 17.45-20.44 21.7-24.3 15.1-17.9
Range of oospore 1.1-2.8 1.4-1.7 0.5-1.4
wall thickness
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3.25 Canonical variate analysis using means of isolates for

Filamentous (non-swollen) sporangia

Nine groups of isolates (Table A.6.4) can be seen from the plots of
means of isolates of all Pythium species on canonical variates 1 (horizontal)
which explained 81.4% and 2 (vertical) which explained 18.3 % of the
variance (three characters, oogonium dimension, oospore dimension, and

oospore wall thickness were employed) (Figure 3.10).

Nine groups of isolates can also been seen from the constructed
dendrogram (Figure 3.11) (Table 3.6). No Pythium species could be easily

separated because they have comparable oogonia and oospores diameters.

Based on studied criteria no species could be separated from the other.
Inter specific variations in the species studied weren't large enough to mask

the differences between species.

However, three isolates of Pythium species one isolate of Pythium
tenue, one isolate of Pythium coloratum, and one isolate of Pythium
papillatum although formed a group on it characters, because (Pythium
tenue and Pythium papillatum have significantly smaller oogonia and
oospores between the other isolates of the other species and Pythium
coloratum has significantly larger oogonia and oospores between the other
1solates of the other species). Intra specific variations in this species studied
were large enough to mask the differences between isolates of Pythium
tenue, Pythium coloratum, Pythium papillatum and other species.Groups 1-
4 consist of species which are obviously difficult to separate on the basis of

their oospore and oogonial dimensions alone.
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Figure (3.10): A plot of 30 isolates with filamentous (non-swollen)
sporangia of Pythium species, on two canonical variates 1(horizontal),
2(vertical); character used are: oogonia diameter, oospore diameter,
oospore wall thickness.
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Figure (3.11): Dendrogram for filamentous (non-swollen) sporangia isolates
of Pythium species, characters used are: oogonia diameter, oospore
diameter, and oospore wall thickness.
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Table (3.6): Cluster groups for Filamentous (non-swollen) sporangia Pythium isolates

cluster 1 cluster 2 cluster 3 cluster 4 cluster 5 cluster 6 cluster 7 cluster 8 cluster 9
P.agquatile P. P.aquatile P. P.aguatile P P. P.
(.1(42 15) coloratum (3-9,11- papillatum | P.tenue (2) ' (qu) dissitocﬁm o) monospermum | coloratum
e 3) 14,16, 17) 1) (2) 1)
P.dissitocum | P.coloratum P P. P.dissitocum
@) @) .coloratum | monospermum (5)
(4) (€))
P.dissitocum P. P
3) dISSI(t10)0um papillatum (2) P.tenue (1)
Range of | 12 194 17.2-20 15.3 11.8 17.8-18.9 | 15.3-18.8 17.6-15.9 20.7
oogonia
Rangeof | 56 153 13.8-16.6 15.3 9.2 13.9-149 | 153-17.6 12.7-17.6 16.9
0oospore
Range of
Oﬁgﬁre 1-1.1 1-1.7 0.9 0.9 0.8-1.3 0.5-0.6 0.6-1.1 1.4
thickness
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3.2.6 Canonical variate analysis using means of isolates for lobulate

sporangia

On canonical variates 1 (horizontal) which explained 76.9 % and 2
(vertical) (Figure 3.12) which explained 18.6 % of the variance, five groups
of isolates (Table A.7.4) can be seen from the plots of means of isolates of

all Pythium species.

It can also been seen from the constructed dendrogram (Figure 3.13)
six groups of isolates (Table 3.7). Pythium graminicola and Pythium
vanterpoolii could be easily segregated on the basis of their oogonial and

oospore dimensions, having significantly larger oogonia and oospores.

Based on studied criteria two species were separated from one
another. Inter and intra specific variations in the species studied were large
enough to mask the differences between species and therefor two species
could be separated on these basis (P. graminicola and P. vanterpoolii)

which each one of them have the same oogonia and oospore dimentions.

However two isolates of Pythium species although formed a group.
One isolate of Pythium dissimile and the other isolate of Pythium
aphanidermatum because Pythium dissimile has significantly smaller
oogonia and oospores between the other isolates of the other species and
because Pythium aphanidermatum has significantly larger oogonia and
oospores between the other isolates of the same species. Intra specific
variations in this species studied were large enough to mask the differences
between isolates of Pythium dissimile and Pythium aphanidermatum.
Groups 1, 3 consist of species which are obviously difficult to separate on

the basis of their oospore and oogonial dimensions alone.
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Figure (3.12): A plot of 10 isolates with lobulate sporangia of Pythium
species, on two canonical variates 1 (horizontal), 2 (vertical); character
used are: oogonia diameter, oospore diameter, oospore wall thickness.
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Figure (3.13): Dendrogram for lobulate sporangia isolates of Pythium
species, characters used are: oogonia diameter, oospore diameter, and
oospore wall thickness.



47

Table (3.7): Cluster groups for lobulate sporangia Pythium isolates

cluster 1 cluster 2 Cluster3 cluster 4 cluster 5 cluster 6
P.vanterpoolii | P.aphaniderma L L P.graminicola | P.aphaniderma
(1.2) wum (3) P.dissimile (1) | P.dissimile (2) (1.2) wum (1.2)
P.torulosum
(1-3)
Range of 18.2-19.3 22.64 13.4-16.3 11.4 26-26.2 22.88-25.88
oogonia
Range of 18.2-19.3 19.49 13.4-15.5 11.4 26-26.2 20.16-22.72
00Spore
Range of
oospore wall 2.5-2.8 1.78 1-1.2 1 2.5 2.56-3.23

thickness
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3.2.7 Canonical variate analysis using means of isolates for plerotic

0ospore species

Four groups of isolates (Table A.8.4) can be seen from the plots of
means of isolates of all Pythium species on canonical variates 1 (horizontal)
which explained 58.4% and 2 (vertical) (Figure 3.14) which explained

34.4% of the variance.

And from the constructed dendrogram (Figure 3.15) four groups of
isolates (Table 3.8) can be seen. Pythium graminicola was the only species
that could be easily segregated on the basis of their oogonial and oospore

dimensions, having significantly larger oogonia and oospores.

Inter and intra specific variations in the species studied were large
enough to mask the differences between species and therefor one species
could be separated on these basis (P. graminicola which has the largest
oogonia and oospore). Based on studied criteria only one species was

separated from the other.

Since dimensions are comparable in groups 1, 3, 4; consist
separation of species basis of their oospore and oogonial dimensions alone

are obviously difficult.
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Figure (3.14): A plot of 47 isolates of plerotic oospore species, on two
canonical variates 1 (horizontal), 2 (vertical); character used are: oogonia
diameter, oospore diameter, oospore wall thickness.
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Figure (3.15): Dendrogram for isolates of plerotic oospore species,
characters used are: oogonia diameter, oospore diameter, and oospore wall
thickness.

Table (3.8): Cluster groups for plerotic oospore species

cluster 1 cluster 2 cluster 3 cluster 4
P.conidiophorum | P.graminicola . .
(1.2) (1.2) P.lutarium (2) P.lutarium (1)

P.dissimile (1,2)

P.mamillatum (1,2)

P.oligandrum (1)

P.mamillatum (3)

P.monospermum (1,2)

P.papillatum (3)
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P.minus (1-3) P.oligandrum (2) P'Sp((T%lSB)
P.papillatum (1,2) P.rostratum (1-6)
P.parvum (1-4) P.salinum (1,2)
P.salpingophorum .
(1.2) P.spinosum (1)
P.spinosum (2,3) P.tracheiphilum (1,2)
P.torulosum (1-3) P.vantrepoolii (1,2)
Range of 11.4-16.8 26-26.2 16.8-21.2 21.9-24.3
oogonia
Range of 11.4-16.2 26-26.2 15.2-19.3 20.2-21.1
00Spore
Range of
00Spore 0.5-1.9 2.5 0.6-2.8 1.3-2.7
wall
thickness

3.2.8 Canonical variate analysis using means of isolates for nearly

plerotic oospore species

Six groups of isolates can be seen from the constructed dendrogram
(Figure 3.17). No Pythium species segregated on the basis of their oogonial
and oospore dimensions, because it having nearly measurement of oogonia

and oospores.

Four groups of isolates (Table A.9.4) can also be seen from the plots
of means of isolates of all Pythium species on canonical variates 1
(horizontal) which explained 68.8% and 2 (vertical) (Figure 3.16) which

explained 31.2% of the variance.

Based on studied criteria no species were separated from the other.
Inter specific variations in the species studied were large enough to mask

the differences between species.

However, two isolates of Pythium species although formed a group.
One isolate of Pythium ultimum var ultimum and the other isolate of
Pythium aphanidermatum because Pythium aphanidermatum has

significantly larger oogonia and oospores between the other isolates of the
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same species and because Pythium ultimum var ultimum has significantly
smaller oogonia and oospores between the other isolates of the same
species. Intra specific variations in this species studied were large enough
to mask the differences between isolates of Pythium ultimum var ultimum
and Pythium aphanidermatum. Groups 1 consist of species which are
obviously difficult to separate on the basis of their oospore and oogonial

dimensions alone.
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Figure (3.16): A plot of 13 isolates of nearly plerotic oospore species, on
two canonical variates 1 (horizontal), 2 (vertical); character used are:
oogonia diameter, oospore diameter, oospore wall thickness.
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Figure (3.17): Dendrogram for isolates of nearly plerotic oospore species,
characters used are: oogonia diameter, oospore diameter, and oospore wall

thickness
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Table (3.9): Cluster groups for nearly plerotic Pythium isolates

cluster 1 cluster 2 cluster 3 Cluster 4 Cluster 5 Cluster 6
P.acanthicum | P.aphanidermatum | P.ultimumvar | P.aphanidermatum | P.acanthicum P.ultimum var
(1,2) (2) ultimum (2) @) (3,5) ultimum (1)
P.ultimum var . P.aphanidermatum
ultimum (3) P.acanthicum (4) 3)
P.echinulatum
1.2)
Range of | 50 5.2 64 25.88 18.16 22.88-23.13 20.56-21.36 21.93-22.64
oogonia
Range of | 15 3.19.49 22.72 16.44 20.16-20.44 17.45-18.24 19.49-19.52
00Spore
Range of
oospore wall 1.1-1.78 3.23 11 2.56-2.8 2.1-2.3 1.78-2.34

thickness
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3.2.9 Canonical variate analysis using means of isolates for a plerotic

00Spore species

Ten groups of isolates (Table A.10.4) can be seen from the plots of
means of isolates of all Pythium species on canonical variates 1 (horizontal)
which explained 84.8 % and 2 (vertical) (Figure 3.18)which explained 10.8

% of the variance.

From the constructed dendrogram (Figure 3.19) four groups of
isolates (Table 3.10) can be seen. No Pythium species were segregated on
the basis of their oogonial and oospore dimensions because they have

comparable oogonia and oospores diameters.

Based on studied criteria no species separated from the other. Inter
specific variations in the species studied weren't large enough to mask the

differences between species.

However, one isolate of Pythium tenue formed a group on the basis
used could be separated by the differences in its sporangia and other
morphological characters, because it has significantly smaller oogonia and
oospores between the other isolates of the other species. Intra specific
variations in this species studied were large enough to mask the differences
between isolates of Pythium tenue. Groups 1-3 consist of species which are
obviously difficult to separate on the basis of their oospore and oogonial

dimensions alone, because these dimentions are verey near values together.
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Figure (3.18): A plot of 88 isolates of a plerotic oospore species, on two
canonical variates 1 (horizontal), 2 (vertical); character used are: oogonia
diameter, oospore diameter, oospore wall thickness.
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Figure (3.19): Dendrogram for isolates of a plerotic oospore species,
characters used are: oogonia diameter, oospore diameter, and oospore wall
thickness.
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Table 3.10 Cluster groups for a plerotic oospore species

cluster 1 cluster 2 cluster 3 cluster 4
P.arz?gd)rum P.anandrum (4) | P.aquatile (1-17) P. tenue (2)
P. pachycaule . . P. coloratum
P iwayami (1,2
() yami (1,2 (1-4)
P. pulchrum (1) P. lucens (1,2) P.de(bla}rlyle;num
P. violae (1) P middletoni (1) P.dl,'z,?c_);(;cum
P. pachycaule P. irregular
2 (-7
P.paroecandrum P. iwayami (3)
(1-3)
P. middletonii
P. pulchrum (2) 2.3)
P. pyrilobum .
(1.2) P. nagaii (1,2)
P. sylvaticum P paroecandrum
(1.2) “4)
P. ultimum var.
sporangiiferum P. pulchrum (3)
@)
P. vexans (1-3) P. tenue (1)
P.ultimum var.
P. violae (2) sporangiiferum
(2-10)
Range of 26.4-28.4 22.228.5 15.9-26 11.8
oogonia
Range of 22243 18.3-23.8 12.7-26 9.2
oospore
Range of
oospore wall 0.8-1.7 0.9-2.3 0.5-2.5 0.9

thickness
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Chapter four

Discussion
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Discussion

The distribution of means of oospore diameter, and oospore wall
index is remarkably uniform, with a few outlying species at the lower and
upper extremes of each variable. Findings on diameter and wall index of
oospore represented to plots figures 3.1 and 3.2 lead one to conclude that
the distribution of both variables is discontinuities between isolate means in
few isolates and extremely narrow in others, these findings were in
agreement with the result of M@ller & Hockenthull, (2001) who also found
that the parameter correlations both within and between isolates are
generally high between original parameters. The use of any of these
variables, on its own, is not considered as an acceptable tool for species or
isolates separation without introducing arbitrary cut-off points, with some
isolates falling on either side of the cut-off value. That was the reason

behind considering all variables together in the current study.

Correlations between pairs of variables within (upper triangle and
between lower triangle) for means of species isolates show high correlation
between the oogonium and oospore diameters and moderate correlation
between these diameters and wall thickness. Thus large oogonium diameter
tends to go with a large oospore diameter. This is in agreement with the
findings of Shahzad et al. (1992) who also reported high correlation
between the later parameters and moderate correlation between these

parameters and wall thickness.

Correlations between measured parameters and their derived indices
are low within isolates and generally low between isolates, although higher
than those found by Shahzad et al (1992) who also reported that correlation

between the original variables and derived index were much smaller and
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correlations between measured parameters and their derived indices were
low within isolates and generally low between isolates. Thus we have
constructed indices which do not depend on the overall size of the oogonia,
but are measuring different, independent, characteristics. There are many
pairs of species or isolates that could not be distinguished by looking only
at the oospore diameter but which have widely differing values of one or

other of the indices.

According to canonical variate plots and cluster analysis some
Pythium species were separated on the basis of their oogonial and oospore
dimensions, having significantly larger oogonia and oospores like Pythium
(P.graminicola, P.conidiophorum and P.anandrum) or comparable oogonia
and oospores dimentions like Pythium (P.graminicola and P.vanterpoolii).
Such inter-specific variation in diameters seems to be valuable in

differentiating some Pythium species.

Intra-specific variation among the studied Pythium species isolates
on the basis of sporangial characteristics and other morphological
characters were found. These variations were clear for Pythium
(P.dissimile, P.tenue, P.ultimum var ultimum, P.coloratum, P.papillatum

and P.aphanidermatum).

The findings of other species without any inter or intra specific
variation is most likely due to the fact that they have very simillar
dimension for both oogonia and oospore. For such species one can not relay
on oogonia and oospore diameter and further morphological studies are

needed for the separation and classification of these species.
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In general, biometric data (oogonia diameter, oospore diameter and
oospore wall thickness) used in the current study showed limited inter and
intra specific variation in certain isolates and failed to show variations for
some other isolates, thus such morphological criteria seems to have poor
and limited power in differenting Pytium isolates. The use of other
morphological characteristics like ooplast diameter, antheridial attachment,
zoospore cyst seems to be essential for more accurate for differentiation
and separation of Pytium species. It is important to note that multivariate
analysis was also of a limited value in the separation and differentiation of
Pytium species. We belive that further use of molecular tools will be of
great value for separation of Pytium species isolated from this region (Hall,

2008).
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Table A.1 Isolate means for four directly measured criteria and two derived indexes for oogonia from each of
147 isolate

00ospore 00Spore .
species 1solate # oogonia | oospore wall sporangia wall ap lerotic
) ) index
thickness index
P.acanthicum |\ po1050 | 20.6 19.3 1.4 27.7 37.51 82.23757
Drechler

AFCC 2230 | 205 19.4 15 242 3959 | 84.75076
AFCC 192 | 2136 | 1824 23 1.24 5818 | 62.26884

AFCC 171 | 23.13 | 2044 2.8 1.06 61.73 69.0106

AFCC 181 | 2056 | 17.45 21 12 5622 | 61.13881

Panandrum |\ pocom7 | 274 22.2 1.7 27.7 3927 | 53.18721

Drechler

AFCC 704 | 267 233 15 28.1 33.87 | 66.45597
AFCC 806 | 266 243 1.4 27.9 3074 | 7623842

AFCC 2227 | 253 21.7 1.7 311 40.02 63.0983
P'aphal‘gc'l‘:ggmat“m BERC-fcl | 22.88 | 20.16 2.56 232 5848 | 68.40747
BERC-fc3 | 25.88 | 22.72 323 3.14 6334 | 67.66003
BERC-fc4 | 22.64 | 19.49 1.78 3.16 45.4 63.79788
P.aquatile Hohnk | AFCC 756 | 19.4 15.1 1.1 . 37.65 | 47.15477
AFCC 817 19 153 1 . 3431 5221719
AFCC 728 | 18.9 143 1.4 . 4799 | 4331344
AFCC 1054 | 18.8 14.6 1.6 . 5239 | 46.83656

AFCC 809 | 186 154 15 . 478 56.75751

AFCC 2010 | 183 14.8 1.6 . 51.85 52.8971
AFCC 2020 | 182 14.6 15 . 4984 | 51.62314
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00ospore 00spore .
species 1solate # oogonia | oospore wall sporangia wall ap lerotic
) ) index
thickness index
AFCC 2138 | 18.1 15 1.6 . 5132 | 56.91648
AFCC 1032 | 181 14.4 15 . 5038 | 50.35606
AFCC865 | 17.8 13.9 13 . 2552 | 47.61945
AFCC2072 | 17.8 147 15 . 4958 | 5632381
AFCC897 | 177 143 13 . 45.23 52.73371
AFCC 725 | 177 14.1 1.4 . 48.53 50.55191
AFCC2111 | 176 145 15 . 50.11 55.91985
AFCC 770 | 175 13.8 1 . 3748 | 49.03691
AFCC 864 | 174 14 1.4 . 488 52.08784
AFCC 667 | 172 13.8 13 . 4654 | 51.64781
P.coloratum AFCC804 | 207 16.9 1.4 . 4192 | 54.41881
Vaartaja
AFCC 2362 | 20 16.6 1.7 . 49.72 57.1787
AFCC 1109 | 193 16.4 1.9 . 5465 | 6135636
AFCC 1002 | 189 15 0.8 . 2871 49.9906
P'CO”'?(')irl’hor“m AFCC 5679 | 132 12,5 1.9 21.6 6628 | 84.91966
AFCC2538 | 13 12,5 1.8 21.9 63.91 88.89964
P'deﬂaegg”“m AFCC 701 | 208 16.6 1 23.6 31.96 50.83166
AFCC 818 | 196 16.5 1 . 32.13 59.66005
AFCC 2746 | 19.6 16.3 0.9 24.8 29.61 5751678
AFCC 773 | 195 172 1 . 3098 | 68.62487
AFCC 727 | 192 16.1 15 23.8 46.13 58.96224
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00ospore

00spore

) ) ) ) aplerotic
species isolate # oogonia | oospore wall sporangia wall :
) ) index
thickness index
AFCC 805 | 189 16.9 13 39.42 71.49484
AFCC 772 | 188 16.4 1.1 . 35.09 66.38317
AFCC 858 | 188 16.2 1.7 238 50.67 63.98402
AFCC 816 | 186 16.2 0.8 26.8 66.07029
AFCC 807 | 183 163 1 . 32.48 70.66584
AFCC861 | 182 153 1.4 244 45.47 59.41008
P.dissimile AFCC 2799 | 13.4 13.4 | 38.43 100
Vaartaja
AFCC 2590 | 114 11.4 1 43.94 100
P.dissotocum AFCC 788 | 189 14.9 0.8 28.88 48.99744
Drechler
AFCC 896 | 188 15.6 05 18.02 57.13474
AFCC 2073 | 186 15.1 1.6 51.05 53.50471
AFCC 2193 | 183 15.9 1.9 55.93 65.59007
AFCC 894 | 174 141 1.1 39.88 53212
Pechinulatum |\ c 2590 | 209 18.6 1.2 243 33.93 70.48553
Matthews
AFCC 2245 | 208 183 1.1 268 31.9 63.10253
P.graminicola | pocoser |26 | 262 2.5 47.02 100
Subramaniam
AFCC 7756 | 26 26 25 4731 100
P.irregulare AFCC 726 | 192 15.1 1 23.8 34.7 48.64376
Buisman
AFCC672 | 19.1 145 0.94 27 34.07 43.7526
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00ospore

00spore

) ) ) ) aplerotic
species isolate # oogonia | oospore wall sporangia wall :
) ) index
thickness index
AFCC 2087 | 19 15.3 1 235 3431 5221719
AFCC 631 | 183 14.6 0.8 26.9 29.41 50.78147
AFCC 713 18 14.1 1 249 36.8 48.0662
AFCC2019 | 179 143 1.2 22.6 4237 | 50.98577
AFCC 2088 | 173 143 0.6 23.7 23.12 56.47676
P.iwayami S.Ito | AFCC 747 | 25.6 21 2 221 46.95 55.19986
AFCC 2732 | 247 20 1.8 28.8 44.86 53.08834
AFCC 2651 | 212 17.6 1.8 242 49.67 572177
Plucens Ali- | \pocoasa | 266 19.8 1.9 247 47.23 41.24304
Shtayeh
AFCC 8241 | 262 194 2 209 4998 | 40.59769
Plutarium Ali- |\ b 0361 | 210 20.2 2.7 60.67 78.47327
Shtayeh
AFCC 893 | 212 18.9 1.9 49 70.8562
P.mamillatum |\ o514 | 184 17.1 0.9 20.3 28.37 80.2666
Meurs
AFCC 2239 | 18.4 17.9 0.9 18.6 2724 | 92.06735
AFCC 2241 | 16.8 15.2 0.9 224 3149 | 74.06328
P.middletonii AFCC 760 | 23.7 18.6 15 35.2 41 48.33857
Sparrow
AFCC 758 | 213 174 1.2 36.6 35.93 54.51411
AFCC 761 | 209 17.5 1.6 32.8 45.44 58.70503
P.minor Ali- 1\ e o368 | 13.9 13.9 0.6 23.3 23.73 100

Shtayeh
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00ospore 00spore .
: : : . aplerotic
species isolate # oogonia | oospore wall sporangia wall :
. . index
thickness index
AFCC 2660 | 133 133 0.5 19.1 20.9 100
AFCC 2787 | 126 12.6 0.5 254 21.97 100
P.monospermum |\ poc 9555 | 17.6 17.6 0.6 . 19.09 100
Pringsh
AFCC779 | 168 16.8 13 . 39.61 100
Pnagail S.Ito& |\ peco390 | 192 16.1 1 242 3283 | 58.96224
Tokunaga
AFCC2729 | 179 14.9 0.7 25 2562 | 57.67661
Poligandrum |y pocg38 | 224 | 202 2 27.4 4842 | 7333479
Drechsler
AFCC 6139 | 192 16.7 14 271 4234 | 65.80301
P.pachycaule Ali- |\ poc 650 | 27.1 233 1.5 . 33.87 | 63.55649
Shtayeh
AFCC572 | 261 | 21.1 23 . 52.18 52.8355
Ppapillatum |\ 3001 | 53 15.3 0.9 . 31.3 100
Matthews
AFCC3023 | 153 153 0.6 . 2173 100
P.paroecandrum | o708 | 248 19 1.1 227 3087 | 44.96823
Drechsler
AFCC2012 | 239 19.8 15 211 3892 | 56.85935
AFCC 2308 | 229 19 0.9 257 2581 | 57.11555
AFCC775 | 197 18.1 14 224 39.6 77.55987
Pparvum Ali- 1\ pocors9 | 149 13.3 0.5 17.8 20.9 71.12072
Shtayeh
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00ospore

00spore

) ) . : aplerotic
species isolate # oogonia | oospore wall sporangia wall :
. . index
thickness index
AFCC 1094 | 145 13.5 0.5 17.6 2062 | 80.70442
AFCC 871 | 143 12.8 0.5 16.5 2165 | 71.71695
AFCC 651 | 135 13.1 0.5 16.8 212 91.37188
Ppulchrum 1y poc 2047 | 285 23.8 1.1 33.9 2525 | 58.23664
Minden
AFCC 2522 | 242 18.1 15 274 41.94 41.8398
AFCC 4001 | 215 17.5 11 238 33.17 | 53.92607
P-pyrilobum |\ pecoasg | 244 | 202 2 4842 | 56.73939
Vaartaja
AFCC 2853 | 243 | 211 13 . 32.6 65.46792
P.rostratum Butler | AFCC 2121 | 20.4 185 15 257 41.19 745804
AFCC 2089 | 189 17 1 213 31.3 727715
AFCC 2248 | 184 17.2 13 241 3884 | 81.68304
AFCC673 | 18.4 172 13 211 3884 | 81.68304
AFCC 2023 | 1823 16.9 13 244 3942 | 7876021
AFCC581 | 182 16.7 11 218 3454 | 77.25654
P.salinum Hohnk | AFCC 2387 | 17.8 172 15 16.8 4373 | 90.22468
AFCC3343 | 173 17.3 14 16 41.12 100
P.salpingophorum |y poc 1993 | 153 15.3 1.5 22 48.04 100
Drechsler
AFCC 2231 | 149 14.9 15 242 49.06 100
Pspinosum |\ peco3as | 182 15.2 12 253 4028 | 58.25277
Sawada
AFCC 8496 | 16.8 15.1 0.5 25.5 18.58 72.6111
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00ospore

00spore

) ) : . aplerotic
species isolate # oogonia | oospore wall sporangia wall :
: : index
thickness index
AFCC 2424 16.2 16.2 0.9 25.9 29.77 100
P.sp (ma2153) AFCC 2153 22.6 21.3 1.5 28.8 36.58 83.71697
AFCC 2199 22.5 20.9 1.5 28.6 37.18 80.14774
P.sylvaticum
Campbell & AFCC 2470 23.1 19.5 1.3 26 34.9 60.15447
Hendrix
AFCC 688 22.9 19.4 1.1 26.8 30.31 60.79932
P.tenue Gobi AFCC 771 15.9 12.7 1 40.19 50.95887
AFCC 384 11.8 9.2 0.9 47.96 47.39336
P.torulosum Coker | -\ e g9 | 163 15.5 1.2 39.63 85.9869
& Patterson
AFCC 2232 15.4 154 1 34.12 100
AFCC 2092 15.3 14.3 1 36.36 81.64579
P.tracheiphilum |\ poc 000 | 186 18.6 1.3 23.6 36.35 100
Matta
AFCC 2402 18.4 18.4 1.3 23.2 36.68 100
P. ultimum var.
sporangiiferum AFCC 2197 22.2 18.7 1.3 26.6 36.18 59.76761
Drechsler
AFCC 2222 21.6 17.6 1 25.3 30.36 54.09744
AFCC 2130 21.4 16.7 1 26.8 31.8 47.52346
AFCC 2221 21.4 17.7 1.3 27.1 3791 56.58202
AFCC 682 21.3 17.6 1.3 38.09 56.4156
AFCC 707 21.2 17.1 1 31.14 52.47842
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00ospore

00spore

. : : . aplerotic
species isolate # oogonia | oospore wall sporangia wall :
. . index
thickness index
AFCC 850 20.7 17.8 1.5 42.52 63.58416
AFCC 2018 20 16.4 1.3 40.42 55.1368
AFCC 733 19.6 16.9 1.1 . 34.19 64.105
AFCC 683 19.4 15.6 1.5 20.7 47.31 51.99584
Pultimumvar. |\ recogp | 2103 | 19.52 234 1.42 56.06 | 70.52183
ultimum Trow
AFCC 141 18.16 16.44 1.1 1.32 35.01 74.19214
AFCC 181 20.16 18.27 0.86 1.42 25.67 74.42932
P.vantrepoolii V.
Kouyeas & H. AFCC 2172 19.3 19.3 2.8 64.23 100
Kouyeas
AFCC 2213 18.2 18.2 2.5 . 61.85 100
P.vexans de Bary | AFCC 2253 22.8 19.1 1.7 16.2 44.46 58.78893
AFCC 2149 22.6 19.1 1.7 . 44.46 60.36355
AFCC 2082 22.3 18.3 1.4 15.3 39.24 55.26354
P.violae Chesters |\ po 2160 | 264 22 0.8 28.9 2027 | 57.87037
& Hickman
AFCC 3020 25.2 21.6 0.9 28.3 22.97 62.97376

AFCC: An_Najah Fungal Culture Collection; BERC-fc: Biodiversity Environmental Research Center- fungal

collection.
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Table A.1.1 Names of all Pythium isolates depend on numbers

Species Nmbers
P.aphanidermatum1l 1
P.aphanidermatum? 2
P.aphanidermatum3 3
P.acanthicuml 4
P.acanthicum?2 5
P.acanthicum3 6
P.acanthicum4 7
P.acanthicumb 8
P.anandruml 9
P.anandrum?2 10
P.anandrum3 11
P.anandrum4 12
P.aquatilel 13
P.aquatile2 14
P.aquatile3 15
P.aquatile4 16
P.aquatile5 17
P.aquatile6 18
P.aquatile7 19
P.aquatile8 20
P.aquatile9 21
P.aquatile10 22
P.aquatilell 23
P.aquatile12 24
P.aquatilel3 25
P.aquatile14 26
P.aquatilel5 27
P.aquatile16 28
P.aquatilel7 29
P.coloratuml 30
P.coloratum?2 31
P.coloratum3 32
P.coloratum4 33
P.conidiophoruml 34
P.conidiophorum? 35
P.debaryanuml 36
P.debaryanum?2 37
P.debaryanum3 38
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Species Nmbers
P.debaryanum4 39
P.debaryanum5 40
P.debaryanum6 41
P.debaryanum? 42
P.debaryanum8 43
P.debaryanum9 44
P.debaryanum10 45
P.debaryanuml1l 46
P.dissimilel 47
P.dissimile2 48
P.dissotocum1 49
P.dissotocum2 50
P.dissotocum3 51
P.dissotocum4 52
P.dissotocum5 53
P.echinulatuml 54
P.echinulatum?2 55
P.graminicolal 56
P.graminicola2 57
P.irregularel 58
P.irregulare? 59
P.irregulare3 60
P.irregulare4 61
P.irregulare5 62
P.irregulare6 63
P.irregulare? 64
P.iwayamil 65
P.iwayami?2 66
P.iwayami3 67
P.mamillatuml 68
P.mamillatum?2 69
P.mamillatum3 70
P.middletoniil 71
P.middletonii2 72
P.middletonii3 73
P.monospermum?l 74
P.monospermum?2 75
P.nagaiil 76
P.nagaii2 77
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Species Nmbers
P.oligandruml 78
P.oligandrum?2 79
P.papillatuml 80
P.papillatum?2 81
P.paroecandruml 82
P.paroecandrum2 83
P.paroecandrum3 84
P.paroecandrum4 85
P.pulchruml 86
P.pulchrum?2 87
P.pulchrum3 88
P.pyrilobuml 89
P.pyrilobum?2 90
P.rostratuml 91
P.rostratum?2 92
P.rostratum3 93
P.rostratum4 94
P.rostratum5 95
P.rostratum6 96
P.salinuml 97
P.salinum2 98
P.salpingophoruml 99
P.salpingophorum?2 100
P.spinosuml 101
P.spinosum2 102
P.spinosum3 103
P.sylvaticuml 104
P.sylvaticum?2 105
P.tenuel 106
P.tenue2 107
P.torulosuml 108
P.torulosum2 109
P.torulosum3 110
P.tracheiphiluml 111
P.tracheiphilum?2 112
P.ultimum var ultimuml 113
P.ultimum var ultimum?2 114
P.ultimum var ultimum3 115
P. ultimum var. 116
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Species Nmbers
sporangiiferuml

P. ultimum var. sporangiifef 117
P. ultimum var.
sporangiiferum3 118
P. ultimum var.
sporangiiferum4 119
P. ultimum var.
sporangiiferum5 120
P. ultimum var.
sporangiiferumé 121
P. ultimum var.
sporangiiferum? 122
P. ultimum var.
sporangiiferum8 123
P. ultimum var.
sporangiiferum9 124
P. ultimum var.
sporangiiferum10 125
P.vantrepooliil 126
P.vantrepoolii2 127
P.vexansl 128
P.vexans2 129
P.vexans3 130
P.violael 131
P.violae2 132
P.pachycaulel 133
P.pachycaule2 134
P.parvuml 135
P.parvum2 136
P.parvum3 137
P.parvum4 138
P.sp (ma2153)1 139
P.sp (ma2153)2 140
P.lutariuml 141
P.lutarium?2 142
P.minusl 143
P.minus?2 144
P.minus3 145
P.lucensl 146
P.lucens?2 147
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Table A.1.2 Cluster Membership for all isolates of the genus Pythium
Case 6 Clusters
1:Apl 1
2:Ap2
3:Ap3
4:acl
S:ac2
6:ac3
7:ac4
8:acs
9:anl
10:an2
11:an3
12:an4
13:aql
14:aq2
15:aq3
16:ag4
17:aq5
18:aq6
19:aq7
20:aq8
21:aq9
22:aql0
23:aqll
24:aql2
25:aql3
26:aql4
27:aql5
28:aql6
29:aql7
30:col
31:co2
32:co3
33:co4
34:conl
35:con2
36:del

=R TR [W[W W[ [LI W[ [W[W[LI[WI[W WL [W[W W [W W [WININ[(NIN === == D
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Case

6 Clusters

37:de2

3

38:de3

39:de4

40:de5

41:deb

42:de7

43:de8

44:de9

45:del0

46:dell

47.dil

48:di2

49:disol

50:d1so2

51:diso3

52:diso4

53:diso5

54:echl

55:ech2

56:grl

57:gr2

58:1rl

59:112

60:1r3

61:1r4

62:1r5

63:1r6

64:1r7

65:1w1

66:1w2

67:1w3

68:mal

69:ma2

70:ma3

71:midl

72:mid2

73:mid3

— e = | S W W= [ = (D[ [ [ [ [W W WON|ON == = | W W [W[W[W N[ [W W [L[LW[W[ W[ W|WI|W
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Case

6 Clusters

74:mol

3

75:mo2

76:nagl

77:nag2

78:0l11

79:012

80:pal

81:pa2

82:parl

83:par2

84:par3

85:pard

86:pul

87:pu2

88:pu3

89:pyl

90:py2

91:rol

92:r02

93:ro3

94:ro4

95:r05

96:106

97:sal

98:sa2

99:sall

100:sal2

101:spl

102:sp2

103:sp3

104:sy1

105:sy2

106:tel

107:te2

108:tol

109:t02

110:to3

ARl ]|=]—=[D[R[W[A[D[W[W[W[W[W][W[W|= N === N === DW= U
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Case 6 Clusters

111:trl 3

112:tr2

113:ull

114:ul2

115:ul3

116:ulvl

117:ulv2

118:ulv3

119:ulv4

120:ulv5

121:ulv6

122:ulv7

123:ulv8

124:ulv9

125:ulv10

126:val

127:va2

128:vel

129:ve2

130:ve3

131:vil

132:vi2

133:pacl

134:pac2

135:parl

136:par2

137:par3

138:pard

139:spl

140:sp2

141:lutal

142:1uta2

143:minl

144:min2

145:min3

146:1ul

NS I NS T8 I AN I ANGY I AN P Il [Tl e B SN SN S S (O L O T O T I S P Pl B RO P RO R EUSE RUSE P Pl FEy B FP el el S LOS R P OS]

147:1u2




Table A.1.3 Eigen values for 147 isolates
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Function|Eigen value| % of Variance | Cumulative % | Canonical Correlation
1 14.342 63.5 63.5 967
2 6.198 27.5 91.0 928
3 2.036 9.0 100.0 819

Table A.1.4 Clusters for all isolates species produced by canonical variate
analysis

Cluster number
Cluster 1

Pythium species isolates

P.acanthicum (3,5), P.aphanidermatum(3), P.aquatile
(1-17), P.coloratum (1,2,4), P.debaryanum (1-11),
P.dissotocum (1-5), P.echinulatum (1,2),
P.irregularel(1-7), P.iwayami (3), P.mamillatum
(1,3), P.middletonii (2,3), P.nagaii (1,2) P.oligandrum
(2), P.paroecandrum (2-4), P.pulchrum (3),
P.pyrilobum (2), P.rostratum (1,2,4-6), P.spinosum
(1,2), P.sylvaticum (1,2), P.tenue (1), P. ultimum var.
sporangiiferum (1-10), P.ultimum var ultimum (2,3),
P.vexans (1-3).

P.conidiophorum (1,2), P.dissimile (1,2),
P.mamillatum (2), P.minus (1-3), P.monospermum
(1,2), P.papillatum (1,2), P.parvum (4), P.salinum
(1,2), P.salpingophorum (1,2), P.spinosum (3),
P.torulosum (1-3), P.tracheiphilum (1,2) .

P.lucens (1, 2).

P.paroecandrum (1), P.pulchrum (2).

P.acanthicum (4), P.anandrum (3),
P.aphanidermatum (1, 2), P.lutarium (1),
P.oligandrum (1), P.sp (ma2153) (1, 2), P .ultimum
var ultimum (1).

P.anandrum (1, 2, 4), P.iwayami (1,2) , P.pachycaule
(1,2), P.pulchrum (1), P.pyrilobum (1), P.violae (1,2).
parvum (1-3).
vantrepoolii (1,2).

middletonii (1).
graminicola (1, 2).
acanthicum (1, 2).

P.tenue (2).

Cluster 2

Cluster 3
Cluster 4
Cluster 5

Cluster 6

Cluster 7
Cluster 8
Cluster 9
Cluster 10
Cluster 11
Cluster 12
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Table A.2 Means and standard deviation for four directly measured criteria and two derived indexes for
oogonia from each of 41 speacies

species oogonium oospore 00Spote wall sporangia | . # of aplerotic
tkickness isolates index

: nearly

P.acanthicum 21.23 18.966 2.02 11.08 5 71.88131 .
plerotic
P.anandrum 26.5 22.9 1.575 28.7 4 64.74498 | aplerotic
P.aphanidermatum | 23.8 20.79  |2.523333333(2.8733333| 3 | 66.62179 p?gfglg’c
P.aquatile 18.1235294 | 15.32352941 | 1.382352941 17 51.41139 | aplerotic
P.coloratum 19.725 16.225 1.45 . 4 55.73612 | aplerotic
P.conidiophorum 13.1 12.5 1.85 21.75 2 86.90965 | plerotic
P.debaryanum 19.1181818 | 16.36363636 | 1.154545455 24.08 11 63.05489 | aplerotic
P.dissimile 12.4 12.4 1 2 100 plerotic
P.dissotocum 18.4 15.12 1.18 5 55.68779 | aplerotic

P.echinulatum 20.85 18.45 1.15 25.55 2 | 69.29403 | nearly
plerotic
P.graminicola 26.1 26.1 2.5 : 2 100 plerotic
P.irregulare 18.4 14.6 0.934285714 | 24.628571 7 50.13197 | aplerotic
P.iwayami 23.8333333 | 19.53333333 | 1.866666667 | 25.033333 3 55.16863 | aplerotic
P.lucens 26.4 19.6 1.95 22.8 2 40.92036 | aplerotic
P.lutarium 21.55 19.55 2.3 . 2 74.66473 | plerotic
P.mamillatum 17.8666667 | 16.73333333 0.9 20.433333 3 82.13241 | plerotic
P.middletonii 21.9666667 | 17.83333333 | 1.433333333 | 34.866667 3 53.85257 | aplerotic
P.minus 13.2666667 | 13.26666667 | 0.533333333 22.6 3 100 plerotic
P.monospermum 17.2 17.2 0.95 . 2 100 plerotic
P.nagaii 18.55 15.5 0.85 24.6 2 58.31942 | aplerotic
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species oogonium oospore 00SpOTe wall sporangia | . # of aplerotic
tkickness 1solates index

P.oligandrum 20.8 18.45 1.7 27.25 2 69.5689 | plerotic
P.pachycaule 26.6 22.2 1.9 2 58.196 | aplerotic
P.papillatum 15.3 15.3 0.75 : 2 100 plerotic
P.paroecandrum 22.825 18.975 1.225 22.975 4 59.12575 | aplerotic
P.parvum 14.3 13.175 0..5 17.175 4 78.724849 | plerotic
P.pulchrum 24.7333333 19.8 1.233333333 | 28.366667 3 51.33417 | aplerotic
P.pyrilobum 24.35 20.65 1.65 . 2 61.10365 | aplerotic
P.rostratum 18.7666667 17.25 1.25 23.066667 6 77.78912 | plerotic
P.salinum 17.55 17.25 1.45 16.4 2 95.11234 | plerotic
P.salpingophorum 15.1 15.1 1.5 23.1 2 100 plerotic
P.spinosum 17.0666667 15.5 0.866666667 | 25.566667 3 76.95462 | plerotic
P.sp (ma2153) 22.55 21.1 1..5 28.7 2 81.93236 | plerotic
P.sylvaticum 23 19.45 1.2 26.4 2 60.4769 | aplerotic
P.tenue 13.85 10.95 0.95 2 49.17611 | aplerotic
P.torulosum 15.6666667 | 15.06666667 | 1.066666667 ) 3 89.2109 | plerotic
P.tracheiphilum 18.5 18.5 1.3 23.4 2 100 plerotic
P. ultimum var. 20.88 17.21 1.23 25.3 10 | 56.16864 | aplerotic

sporangiiferum

Pulimum var |, 1¢33333 | 18.07666667 | 1433333333 | 1.3866667| 3 | 73.04776 | €Y
ultimum plerotic
P.vantrepoolii 18.75 18.75 2.65 : 2 100 plerotic
P.vexans 22.5666667 | 18.83333333 1.6 15.75 3 58.13867 | aplerotic
P.violae 25.8 21.8 0.85 28.6 2 60.42207 | aplerotic
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Table A.2.1 Cluster membership for means of Pythium species

Cluster Membership

Case

5 Clusters

4 Clusters

3 Clusters

2 Clusters

1:aph

1

2:aca

3:ana

4:aqu

5:col

6:con

7:deb

8:dis

9:disso

10:ech

11:gra

12:1rr

13:iwa

14:mam

15:mid

16:mon

17:nag

18:0l1

19:pap

20:par

21:pul

22:pyr

23:ros

24:sal

25:salpi

26:spi

27:syl

28:ten

29:tor

30:tra

31:ult

32:ultvar

33:van

34:vex

35:vio

36:pac

37:par

== [N [W[AR RN (WIR[W(W—= [N [[WRWIN[(WR—W[N|N W[ |W|R([WW|—(N
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Cluster Membership
Case 5 Clusters |4 Clusters | 3 Clusters | 2 Clusters
38:sp 1 1 1 1
39:1ut 2 2 2 2
40:min 4 3 3 2
41:luc 1 1 1 1
Table A.3 Classifying of Pythium species
Type of | Smooth oogonia Spiny oogonia Filamentous Lobulate sporangia
sporangia | and globose or and globose (non-swollen)
subglobose sporangia and/or | sporangia
sporangia. hyphal swellings
1 P.conidiophorum P.acanthicum P.aquatile P.aphanidermatum
2 P.debaryanum P.anandrum P.coloratum P.dissimile
3 P.irregulare P.echinulatum P.dissitocum P.graminicola
4 P.iwayamai P.mamillatum P.lutarium P.torulosum
5 P.lucens P.oligandrum P.pachycaule P.vanterpoolii
6 P.middletonii P.spinosum P.papillatum
7 P.minor P.tenue
8 P.monospermum
9 P.nagaii
10 P.pareocandrum
11 P.parvum
12 P.pulchrum
13 P.pyrilobum
14 P.rostratum
15 P.salinum
16 P.salpingophorum
17 P.sp.(ma2153)
18 P.sylvaticum
19 P.tracheiphilum
20 P. ultimum var.
sporangiiferum
21 P.ultimum var
ultimum
22 P.vexans
23 P.violae
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Table A.4 Isolate means for four directly measured criteria and two derived
indexes for oogonia from each 71isolates of Smooth oogonia and globose
or subglobose sporangia Pythium species

oospore
Isolate wall oospore aplerotic
Pythium species # oogonia | oospore thickness | sporangia | wall index index
P.Conidiophorum 5679 13.2 12.5 1.9 21.6 66.28 84.91966
2538 13 12.5 1.8 21.9 63.91 88.89964
P.debaryanum 701 20.8 16.6 1 23.6 31.96 50.83166
818 19.6 16.5 1 . 32.13 59.66005
2746 19.6 16.3 0.9 24.8 29.61 57.51678
773 19.5 17.2 1 . 30.98 68.62487
727 19.2 16.1 1.5 23.8 46.13 58.96224
805 18.9 16.9 1.3 . 39.42 71.49484
772 18.8 16.4 1.1 . 35.09 66.38317
858 18.8 16.2 1.7 23.8 50.67 63.98402
816 18.6 16.2 0.8 . 26.8 66.07029
807 18.3 16.3 1 . 32.48 70.66584
861 18.2 15.3 1.4 24.4 45.47 59.41008
P.irregulare 726 19.2 15.1 1 23.8 34.7 48.64376
672 19.1 14.5 0.94 27 34.07 43.7526
2087 19 15.3 1 23.5 3431 52.21719
631 18.3 14.6 0.8 26.9 29.41 50.78147
713 18 14.1 1 24.9 36.8 48.0662
2019 17.9 14.3 1.2 22.6 42.37 50.98577
2088 17.3 14.3 0.6 23.7 23.12 56.47676
P.iwayamai 747 25.6 21 2 22.1 46.95 55.19986
2732 24.7 20 1.8 28.8 44.86 53.08834
2651 21.2 17.6 1.8 24.2 49.67 57.2177
P.middletonii 760 23.7 18.6 1.5 35.2 41 48.33857
758 21.3 17.4 1.2 36.6 35.93 54.51411
761 20.9 17.5 1.6 32.8 45.44 58.70503
P.nagaii 2390 19.2 16.1 1 24.2 32.83 58.96224
2729 17.9 14.9 0.7 25 25.62 57.67661
P.pareocandrum 708 24.8 19 1.1 22.7 30.87 44.96823
2012 23.9 19.8 1.5 21.1 38.92 56.85935
2308 22.9 19 0.9 25.7 25.81 57.11555
775 19.7 18.1 1.4 22.4 39.6 77.55987
P.pulchrum 2247 28.5 23.8 1.1 33.9 25.25 58.23664
2522 24.2 18.1 1.5 27.4 41.94 41.8398
4001 21.5 17.5 1.1 23.8 33.17 53.92607
P.pyrilobum 2458 24.4 20.2 2 . 48.42 56.73939
2853 24.3 21.1 1.3 . 32.6 65.46792
P.rostratum 2121 20.4 18.5 1.5 25.7 41.19 74.5804
2089 18.9 17 1 21.3 31.3 72.7715
2248 18.4 17.2 1.3 24.1 38.84 81.68304
673 18.4 17.2 1.3 21.1 38.84 81.68304
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oospore
Isolate wall oospore aplerotic
Pythium species # oogonia | oospore | thickness | sporangia | wall index index
2023 18.3 16.9 1.3 24.4 39.42 78.76021
581 18.2 16.7 1.1 21.8 34.54 77.25654
P.salinum 2387 17.8 17.2 1.5 16.8 43.73 90.22468
3343 17.3 17.3 1.4 16 41.12 100
P.salpingophorum | 1093 15.3 15.3 1.5 22 48.04 100
2231 14.9 14.9 1.5 24.2 49.06 100
P.sp.(ma2153) 2153 22.6 21.3 1.5 28.8 36.58 83.71697
2199 22.5 20.9 1.5 28.6 37.18 80.14774
P.sylvaticum 0 23.1 19.5 1.3 26 349 60.15447
0 22.9 19.4 1.1 26.8 30.31 60.79932
P.tracheiphilum 2420 18.6 18.6 1.3 23.6 36.35 100
2402 18.4 18.4 1.3 23.2 36.68 100
P. ultimum var.
sporangiiferum 2197 22.2 18.7 1.3 26.6 36.18 59.76761
2222 21.6 17.6 1 25.3 30.36 54.09744
2130 214 16.7 1 26.8 31.8 47.52346
2221 214 17.7 1.3 27.1 3791 56.58202
682 21.3 17.6 1.3 . 38.09 56.4156
707 21.2 17.1 1 . 31.14 52.47842
850 20.7 17.8 1.5 . 42.52 63.58416
2018 20 16.4 1.3 . 40.42 55.1368
733 19.6 16.9 1.1 . 34.19 64.105
683 19.4 15.6 1.5 20.7 47.31 51.99584
P.ultimum var
ultimum 291 21.93 19.52 2.34 1.42 56.06 70.52183
141 18.16 16.44 1.1 1.32 35.01 74.19214
181 20.16 18.27 0.86 1.42 25.67 74.42932
P.vexans 2253 22.8 19.1 1.7 16.2 44.46 58.78893
2149 22.6 19.1 1.7 . 44.46 60.36355
2082 22.3 18.3 1.4 15.3 39.24 55.26354
P.violae 2160 26.4 22 0.8 28.9 20.27 57.87037
3020 25.2 21.6 0.9 28.3 22.97 62.97376

Table A.4.1 Names of Smooth oogonia and globose or subglobose
sporangia Pythium isolates depend on numbers

species Numbers

P.Conidiophoruml 1

P.Conidiophorum?2

P.debaryanuml

P.debaryanum2

P.debaryanum3

P.debaryanum4

P.debaryanum5

C AN le N LV, J NNy JOS } § \ 9}

P.debaryanum6
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P.debaryanum7 9
P.debaryanum8 10
P.debaryanum9 11
P.debaryanum10 12
P.debaryanuml11l 13
P.irregularel 14
P.irregulare2 15
P.irregulare3 16
P.irregulare4 17
P.irregulareb 18
P.irregulare6 19
P.irregulare7 20
P.iwayamail 21
P.iwayamai? 22
P.iwayamai3 23
P.middletoniil 24
P.middletonii2 25
P.middletonii3 26
P.nagaiil 27
P.nagaii2 28
P.pareocandruml 29
P.pareocandrum?2 30
P.pareocandrum3 31
P.pareocandrum4 32
P.pulchruml 33
P.pulchrum?2 34
P.pulchrum3 35
P.pyrilobum1 36
P.pyrilobum?2 37
P.rostratuml 38
P.rostratum?2 39
P.rostratum3 40
P.rostratum4 41
P.rostratums 42
P.rostratumé6 43
P.salinuml 44
P.salinum2 45
P.salpingophorum1 46
P.salpingophorum?2 47
P.sylvaticuml 48
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P.sylvaticum2 49
P.tracheiphiluml 50
P.tracheiphilum2 51
P.ultimum var ultimum1 52
P.ultimum var ultimum?2 53
P.ultimum var ultimum3 54
P. ultimum var.
sporangiiferuml 55
P. ultimum var.
sporangiiferum?2 56
P. ultimum var.
sporangiiferum3 57
P. ultimum var.
sporangiiferum4 58
P. ultimum var.
sporangiiferum5 59
P. ultimum var.
sporangiiferumé 60
P. ultimum var.
sporangiiferum? 61
P. ultimum var.
sporangiiferum8 62
P. ultimum var.
sporangiiferum9 63
P. ultimum var.
sporangiiferum10 64
P.vexansl 65
P.vexans2 66
P.vexans3 67
P.violael 68
P.violae2 69
P.sp.(ma2153)1 70
P.sp.(ma2153)2 71

Table A.4.2 Cluster membership
subglobose Pythium isolates

for Smooth oogonia and globose or

2 Clusters |3 Clusters |4 Clusters |5 Clusters Case
1 1 1 1 1:conidil
1 1 1 1 2:conidi2
2 2 2 2 3:debaryl
2 2 2 2 4:.debary2
2 2 2 2 5:debary3
2 2 2 2 6:debary4
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7.debary5

8:debary6

9:debary7

10:debary8

11:debary9

12:debary10

13:debaryll

14:irregul

15:irregu2

16:irregu3

17:irregud

18:irregu5s

19:irregu6

20:irregu?

21:iwayaml

22:iwayam2

23:iwayam3

24:middlel

25:middle2

26:middle3

27:nagaiil

28:nagaii2

29:pareocl

30:pareoc2

31:pareoc3

32:pareocd

33:pulchrl

34:pulchr2

35:pulchr3

36:pyrilol

37:pyrilo2

38:rostral

39:rostra2

40:rostra3

41:rostrad

42:rostrab

43:rostrab

44:salinul

45:salinu?2

46:salpinl

47:salpin2

48:sylvatl

49:sylvat2

50:trachel

51:trache2

52:ultimul

53:ultimu2

54:ultimu3

55:ultimu4

56:ultimu5

57:ultimu6

58:ultimu?

59:ultimu8

60:ultimu9

61:ultimul0

N[NNI INININININININININ (NN NN INININININININ NN [(NINININ[NINN(NINININ (NN NININININININININININ(NININININININ

N[NNI INININININIWINININININ[NININININININININININ[(NINININ[WIN[WININ[WIN[ININNINININ[WININININIININININ[WININININ

N[NNI INININININIBDIN[WINININ[(N|WIWIN[WININININININ[(N|WIN|W[BAINBNIN[BAIN(WIN(WIWWW[AR|WIN[ININININ[WIN[A|WIN|IN|W

NNININININININIBIN[OTINININ[(N|WIWIN[WINININININININ|WIN|W[EAINEININ[BRIN(WIN(WIWWW[EAR[WINININININ(WIN[R|WIN|IN|W

62:ultimull
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2 2 2 2 63:ultimul2
2 2 3 3 64:ultimul3
2 2 3 3 65:vexansl
2 2 3 3 66:vexans2
2 2 2 2 67:vexans3
2 3 4 4 68:violael
2 3 4 4 69:violae2
2 2 2 2 70:spmal
2 2 2 2 71:spma2

Table A.4.3 Eigen values for 71 isolates of Smooth oogonia and globose or
subglobose Pythium species

Canonical |Cumulativ| % of | Eigen Function
Correlation e % |Variance| value

929 52.8 52.8 6.300 1
.881 81.7 28.9 3.452 2
157 93.0 11.2 1.341 3
.676 100.0 7.0 .839 4

Table A.4.4 Clusters for Smooth oogonia and globose or subglobose
Pythium species produced by canonical variate analysis

Cluster number Pythium species isolates

Cluster 1 P.debaryanum (1-11), P.irregulare (1-6),
P.iwayamai (1-3), P.middletonii (1-3), P.nagaii
(1, 2), P.pareocandrum (1-4), P.pulchrum (2,
3), P.pyrilobum (1), P.rostratum (1-6),
P.sylvaticum (1, 2), P. ultimum var.
sporangiiferum (1-10), P.ultimum var ultimum
(1-3), P.vexans (1-3).

Cluster 2 n (2), P.violae (1, 2).

Cluster 3 P.salinum (1, 2), P.tracheiphilum (1, 2).
Cluster 4 P.sp.(ma2153) (1, 2).

Cluster 5 P.salpingophorum (1, 2).

Cluster 6 P.Conidiophorum (1, 2).

Cluster 7 P.irregulare (7).

Cluster 8 P.pulchrum (1).
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Table A.5 Isolate means for four directly measured criteria and two derived
indexes for oogonia from each 18 isolates of Spiny oogonia and globose
sporangia and/or hyphal swellings Pytium species

Pythium Isolates . oospore _ | oospore aplerotic
species 4 oogonia | oospore .Wall sporangia 'wall index
thickness index

P.acanthicum | 1059 20.6 19.3 1.4 27.7 37.51 | 82.23757
2230 20.5 19.4 1.5 24.2 39.59 | 84.75076
192 21.36 18.24 2.3 1.24 58.18 | 62.26884
171 23.13 20.44 2.8 1.06 61.73 69.0106
181 20.56 17.45 2.1 1.2 56.22 | 61.13881
P.anandrum 2027 274 222 1.7 27.7 39.27 | 53.18721
704 26.7 233 1.5 28.1 33.87 | 66.45597
806 26.6 24.3 1.4 27.9 30.74 | 76.23842
2227 25.3 21.7 1.7 31.1 40.02 | 63.0983
P.echinulatum | 2592 20.9 18.6 1.2 243 33.93 | 70.48553
2245 20.8 18.3 1.1 26.8 31.9 | 68.10253
P.mamillatum | 2014 18.4 17.1 0.9 20.3 28.37 80.2666
2239 18.4 17.9 0.9 18.6 27.24 | 92.06735
P.oligandrum 738 22.4 20.2 2 27.4 48.42 | 73.33479
6139 19.2 16.7 1.4 27.1 42.34 | 65.80301
P.spinosum 2344 18.2 15.2 1.2 253 40.28 | 58.25277
8496 16.8 15.1 0.5 25.5 18.58 72.6111

2424 16.2 16.2 0.9 25.9 29.77 100

Table A.5.1 Names of Spiny oogonia and globose sporangia and/or hyphal
swellings Pythium isolates depend on numbers

species Numbers
P.acanthicuml 1
P.acanthicum2 2
P.acanthicum3 3
P.acanthicum4 4
P.acanthicum5 5
P.anandruml 6
P.anandrum2 7
P.anandrum3 8
P.anandrum4 9
P.echinulatuml 10
P.echinulatum2 11
P.mamillatum1 12
P.mamillatum2 13
P.oligandrum1l 14
P.oligandrum?2 15
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P.spinosum1l 16
P.spinosum?2 17
P.spinosum3 18

Table A.5.2 Cluster membership for Spiny oogonia and globose sporangia
and/or hyphal swellings Pythium isolates

Case 3 Clusters
l:acanthl 1
2:acanth2
3:acanth3
4:acanth4
5:acanth5
6:anand1
7:anand2
8:anand3
9:anand4

10:echinul
11:echinu2
12:mamill
13:mamil2
14:0liganl
15:0ligan2
16:spinol
17:spino2
18:spino3

W[ W= W || = (DN | = [ | = [

W

Table A.5.3 Eigen values for 18 isolates of Spiny oogonia and globose
sporangia and/or hyphal swellings Pythium species

Function |Eigen value % of Cumulative Canonical
Variance % Correlation

1 19.174 89.6 89.6 975

2 2.103 9.8 99.4 .823

3 122 .6 100.0 329
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Table A.5.4 Clusters for Spiny oogonia and globose sporangia and/or
hyphal swellings Pythium species produced by canonical variate analysis

Cluster Pythium species isolates
number
Cluster 1 | P.acanthicum (1, 2), P.echinulatum (1, 2), P.mamillatum
(1, 2), P.oligandrum (2), P.spinosum (1, 3).

Cluster 2 | P.acanthicum (3, 5), P.oligandrum (1).

Cluster 3 | P.anandrum (1-3).

Cluster 4 | P.anandrum (4).

Cluster 5 | P.acanthicum(4).

Cluster 6 | P.spinosum (2).
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Table A.6 Isolate means for four directly measured criteria and two derived indexes for oogonia from each 32
isolates of filamentous (non-swollen) sporangia Pytium species

oospore )

Pythium species oogonia oospore wall sporangia 00SpOre aplerotlc
thickness wall index index

P.aquatile 756 19.4 15.1 1.1 37.65 47.15477

817 19 15.3 1 34.31 52.21719

728 18.9 14.3 1.4 47.99 43.31344

1054 18.8 14.6 1.6 52.39 46.83656

809 18.6 15.4 1.5 47.8 56.75751

2010 18.3 14.8 1.6 51.85 52.8971

2020 18.2 14.6 1.5 49.84 51.62314

2138 18.1 15 1.6 51.32 56.91648

1032 18.1 14.4 1.5 50.38 50.35606

865 17.8 13.9 1.3 25.52 47.61945

2072 17.8 14.7 1.5 49.58 56.32381

897 17.7 14.3 1.3 45.23 52.73371

725 17.7 14.1 1.4 48.53 50.55191

2111 17.6 14.5 1.5 50.11 55.91985

770 17.5 13.8 1 37.48 49.03691

864 17.4 14 1.4 48.8 52.08784

667 17.2 13.8 1.3 46.54 51.64781

P.coloratum 804 20.7 16.9 1.4 41.92 54.41881

2362 20 16.6 1.7 49.72 57.1787

1109 19.3 16.4 1.9 54.65 61.35636

1002 18.9 15 0.8 28.71 49.9906

P.dissitocum 788 18.9 14.9 0.8 28.88 48.99744
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0oospore

Pythium species oogonia oospore wall sporangia 00SpOre aplerotlc
. wall index index
thickness
896 18.8 15.6 0.5 18.02 57.13474
2073 18.6 15.1 1.6 51.05 53.50471
2193 18.3 15.9 1.9 55.93 65.59007
894 17.4 14.1 1.1 39.88 53.212
P.monospermum 2555 17.6 17.6 0.6 19.09 100
779 16.8 16.8 1.3 39.61 100
P.papillatum 3021 15.3 15.3 0.9 31.3 100
3023 15.3 15.3 0.6 21.73 100
P.tenue 771 15.9 12.7 1 40.19 50.95887
384 11.8 9.2 0.9 47.96 47.39336
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Table A.6.1 Names of filamentous (non-swollen) sporangia Pythium
isolates depend on numbers

species Numbers
P.aquatilel 1
P.aquatile2 2
P.aquatile3 3
P.aquatile4 4
P.aquatileb 5
P.aquatile6 6
P.aquatile7 7
P.aquatile8 8
P.aquatile9 9
P.aquatilel0 10
P.aquatilell 11
P.aquatilel1? 12
P.aquatilel3 13
P.aquatile14 14
P.aquatilel5 15
P.aquatilel6 16
P.aquatilel7 17
P.coloratuml 18
P.coloratum?2 19
P.coloratum3 20
P.coloratum4 21
P.dissitocuml 22
P.dissitocum?2 23
P.dissitocum3 24
P.dissitocum4 25
P.dissitocum5 26
P.monospermuml1 27
P.monospermum? 28
P.papillatuml 29
P.papillatum2 30
P.tenuel 31
P.tenue2 32
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Table A.6.2 Cluster membership for filamentous (non-swollen) sporangia
Pythium isolates

2 Clusters | 3 Clusters 4 Clusters 5 Clusters Case
1 1 1 1 1:Paquatl
1 1 1 1 2:Paguat?
1 2 2 2 3:Paquat3
1 2 2 2 4:Paquat4
1 2 2 2 5:Paguat5
1 2 2 2 6:Paguat6
1 2 2 2 7:Paguat?
1 2 2 2 8:Paquat8
1 2 2 2 9:Paquat9
2 3 3 3 10:Paquat10
1 2 2 2 11:Paquatll
1 2 2 2 12:Paquatl?2
1 2 2 2 13:Paquatl13
1 2 2 2 14:Paquatl4
1 1 1 1 15:Paquatl5
1 2 2 2 16:Paquat16
1 2 2 2 17:Paquatl?7
1 1 1 1 18:Pcoloral
1 2 2 2 19:Pcolora2
1 2 2 2 20:Pcolora3
2 3 3 3 21:Pcolora4
2 3 3 3 22:Pdissitl
2 3 4 4 23:Pdissit2
1 2 2 2 24:Pdissit3
1 2 2 2 25:Pdissit4
1 1 1 1 26:Pdissit5
2 3 4 4 27:Pmonospl
1 1 1 1 28:Pmonosp?2
2 3 3 3 29:Ppapilll
2 3 4 4 30:Ppapill2
1 1 1 1 31:Ptenuel
1 2 2 5 32:Ptenue?

Table A.6.3 Figen values for 32 isolates of filamentous (non-swollen)
sporangia Pythium species

Canonical |{Cumulative| % of Eigen |Function

Correlation % Variance| value
.966 81.4 81.4 13.817 1
.870 99.7 18.3 3.108 2
.196 99.9 2 .040 3
.136 100.0 A .019 4
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Table A.6.4 Clusters for filamentous (non-swollen) sporangia Pythium

species produced by canonical variate analysis

Cluster number Pythium species isolates
Cluster 1 P.aquatile (3, 4).
Cluster 2 P.coloratum (1-3).
Cluster 3 P.dissitocum (2).
Cluster 4 P.monospermum (1).
Cluster 5 P.monospermum (2).
Cluster 6 P.papillatum (1, 2).
Cluster 7 P.aquatile (1, 2, 5-17), P.coloratum (4),
P.dissitocum (1, 3-5).
Cluster 8 P.tenue (1).
Cluster 9 P.tenue (2).

Table A.7 Isolate means for four directly measured criteria and two derived
indexes for oogonia from each 12 isolates of lobulate sporangia Pytium

species
_ . _ oospore | oospore aplerotic
Pythium species Isolate# | oogonia | oospore ‘Wall sporangia Awall index
thickness index
P.aphanidermatum 1 22.88 20.16 2.56 2.32 58.48 | 68.40747
3 25.88 22.72 3.23 3.14 63.34 | 67.66003
4 22.64 19.49 1.78 3.16 454 63.79788
P.dissimile 2799 134 13.4 1 38.43 100
2590 114 114 1 43.94 100
P.graminicola 2567 26.2 26.2 2.5 47.02 100
7756 26 26 2.5 47.31 100
P.torulosum 869 16.3 15.5 1.2 39.63 85.9869
2232 154 15.4 1 34.12 100
2092 15.3 14.3 1 36.36 | 81.64579
P.vanterpoolii 2172 19.3 19.3 2.8 64.23 100
2213 18.2 18.2 2.5 61.85 100

Table A.7.1 Names of lobulate sporangia Pythium isolates depend on

numbers

species numbers

P.graminicolal

P.aphanidermatuml 1
P.aphanidermatum?2 2
P.aphanidermatum3 3
P.dissimilel 4
P.dissimile2 5

6

7

P.graminicola2
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P.torulosuml 8
P.torulosum?2 9
P.torulosum3 10
P.vanterpooliil 11
P.vanterpoolii2 12

Table A.7.2 Cluster membership for lobulate sporangia Pythium isolates

2 Clusters 3 Clusters 4 Clusters 5 Clusters Case

1 1 1 1 l:aphanil
1 1 1 1 2:aphani2
1 2 2 2 3:aphani3
2 3 3 3 4:dissim1
2 3 4 4 5:dissim2
1 2 2 5 6:graminl
1 2 2 5 7:gramin2
2 3 3 3 8:torulol

2 3 3 3 9:torulo2

2 3 3 3 10:torulo3
1 1 1 1 11:vanterl
1 1 1 1 12:vanter2

Table A.7.3 Eigen values for 12 isolates of lobulate sporangia Pythium
species

Canonical |Cumulative| % of Eigen value Function
Correlation % Variance
995 76.9 76.9 106.202 1
981 95.5 18.6 25.727 2
927 100.0 4.4 6.139 3
192 100.0 .0 038 4

Table A.7.4 Clusters for lobulate sporangia Pythium species produced by
canonical variate analysis
Cluster Pythium species isolates
number
Cluster 1 | P.aphanidermatum (1, 3).
Cluster 2 | P.dissimile (2), P.graminicola (1, 2), P.vanterpoolii (1, 2).
Cluster 3 | P.dissimile (1), P.torulosum (2).
Cluster 4 | P.torulosum (1, 3).
Cluster 5 | P.aphanidermatum (2).
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Table A.8 Isolate means for four directly measured criteria and two derived indexes for oogonia from each 47 isolates

of plerotic oospore species

oospore wall

oospore wall

Pythium species isolate # oogonia oospore thickness sporangia index aplerotic index

P.conidiophorum 5679 13.2 12.5 1.9 0.6 |21.6 66.28 84.91966 86.90965 | plerotic
2538 13 12.5 1.8 07 [219 63.91 88.89964

P.dissimile 2799 13.4 134 1 0.1 38.43 100 100 plerotic
2590 11.4 11.4 1 0.1 43.94 100

P.graminicola 2567 26.2 26.2 2.5 0.2 47.02 100 100 plerotic
7756 26 26 2.5 0.2 47.31 100

P.lutarium 2361 21.9 20.2 2.7 0.6 60.67 78.47327 74.66473 | plerotic
893 21.2 18.9 1.9 0.7 |. 49 70.8562

P.mamillatum 2014 18.4 17.1 0.9 02 (203 28.37 80.2666 82.13241 | plerotic
2239 18.4 17.9 0.9 02 [186 27.24 92.06735
2241 16.8 15.2 0.9 02 [224 31.49 74.06328

P.minus 2368 13.9 13.9 0.6 02 [23.3 23.73 100 100 plerotic
2660 13.3 13.3 0.5 02 |19.1 20.9 100
2787 12.6 12.6 0.5 0 25.4 21.97 100

P.monospermum 2555 17.6 17.6 0.6 0.2 19.09 100 100 plerotic
779 16.8 16.8 1.3 03 |. 39.61 100

P.oligandrum 738 22.4 20.2 2 03 [274 48.42 73.33479 69.5689 plerotic
6139 19.2 16.7 1.4 02 [27.1 42.34 65.80301

P.papillatum 3021 153 15.3 0.9 0.2 31.3 100 100 plerotic
3023 15.3 15.3 0.6 0.2 21.73 100
2853 24.3 21.1 1.3 04 |. 32.6 65.46792

P.parvum 2259 14.9 13.3 0.5 0 17.8 20.9 71.12072 78.72849 | plerotic
1094 14.5 13.5 0.5 0 17.6 20.62 80.70442
871 14.3 12.8 0.5 0 16.5 21.65 71.71695
651 13.5 13.1 0.5 0 16.8 21.2 91.37188
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oospore wall

oospore wall

Pythium species isolate # oogonia | oospore | thickness sporangia index aplerotic index

P.rostratum 2121 20.4 18.5 1.5 03 257 41.19 74.5804 7778912 | plerotic
2089 18.9 17 1 02 |21.3 313 72.7715
2248 18.4 17.2 1.3 03 |[24.1 38.84 81.68304
673 18.4 17.2 1.3 0 21.1 38.84 81.68304
2023 18.3 16.9 1.3 03 |[244 39.42 78.76021
581 18.2 16.7 1.1 02 [218 34.54 77.25654

P.salinum 2387 17.8 17.2 1.5 03 |168 43.73 90.22468 95.11234 | plerotic
3343 17.3 17.3 1.4 03 |16 41.12 100

P.salpingophorum 1093 15.3 15.3 1.5 02 |22 48.04 100 100 plerotic
2231 14.9 14.9 1.5 02 |[242 49.06 100

P.spinosum 2344 18.2 15.2 1.2 03 |[253 40.28 58.25277 76.95462 | plerotic
8496 16.8 15.1 0.5 0.1 |[255 18.58 72.6111
2424 16.2 16.2 0.9 02 |259 29.77 100

P.sp.(ma2153) 2153 22.6 213 1.5 0.3 [288 36.58 83.71697 81.93236 | plerotic
2199 22.5 20.9 1.5 0.3 |286 37.18 80.14774

P.torulosum 869 16.3 15.5 1.2 0.3 39.63 85.9869 89.2109 | plerotic
2232 15.4 15.4 1 0 34.12 100
2092 15.3 14.3 1 0.1 |. 36.36 81.64579

P.tracheiphilum 2420 18.6 18.6 1.3 03 |236 36.35 100 100 plerotic
2402 18.4 18.4 1.3 03 [232 36.68 100

P.vantrepoolii 2172 19.3 19.3 2.8 0.6 64.23 100 100 plerotic
2213 18.2 18.2 2.5 0.3 61.85 100
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Table A.8.1 Names of plerotic oospore speices depend on numbers

species numbers
conidiophoruml 1
conidiophorum? 2
dissimilel 3
dissimile2 4
graminicolal 5
graminicola2 6
mamillatum1 7
mamillatum?2 8
mamillatum3 9
monospermum 10
monospermum?2 11
oligandruml 12
oligandrum? 13
papillatum1 14
papillatum?2 15
papillatum3 16
rostratuml 17
rostratum?2 18
rostratum3 19
rostratum4 20
rostratum3 21
rostratum6 22
salinum1 23
salinum?2 24
salpingophorum1 25
salpingophorum?2 26
spinosum1 27
spinosum? 28
spinosum3 29
torulosum1 30
torulosum?2 31
torulosum3 32
tracheiphiluml 33
tracheiphilum?2 34
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species numbers
vantrepooliil 35
vantrepoolii2 36
parvum1 37
parvum?2 38
parvum3 39
parvum4 40
sp.(ma2153)1 41
sp.(ma2153)2 42
lutarium1 43
lutarium?2 44
minus ] 45
minus?2 46
minus3 47

Table A.8.2 Cluster membership for plerotic oospore speices

Case 4 Clusters

1:conidil 1

2:conidi2

3:dissiml1

4:dissim?2

S:gramil

6:grami?2

7:mam]1

8:mam?2

9:mam?3

10:monosl1

11:monos2

12:0liganl

13:0ligan2

14:papilll

15:papill2

16:papill3

17:rostratl

18:rostrat2

W(W[W| R =W ]|W[W[—WW[N[(N ||| —

19:rostrat3
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Case 4 Clusters

20:rostrat4 3

21:rostrat5

22:rostrat6

23:salinuml

24:salinum?2

25:salpingl

26:salping?

27:spinos|

28:spinos2

29:spinos3

30:torulol

31:torulo2

32:torulo3

33:tracheil

34:trachei2

35:vantrel

36:vantre2

37:parvuml

38:parvum?2

39:parvum3

40:parvum4

41:spmal

42:spma?2

43:]utaril

44:lutari2

45:minusl

46:minus2

47:minus3
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Table A.8.3 Eigen values for 47 isolates of plerotic oospore species

Function |Eigen value| % of |Cumulative % Canonical
Variance Correlation
1 13.207 58.4 58.4 964
7.791 34.4 92.8 941
3 1.636 7.2 100.0 788
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Table A.8.4 Clusters for plerotic oospore species produced by canonical
variate analysis

Cluster Pythium species isolates

number

Cluster 1 P.conidiophorum (1, 2).

Cluster 2 P.graminicola (1, 2).

Cluster 3 P. lutarium (1), P.vantrepoolii (1, 2).

Cluster 4 P.dissimile (1,2), P.lutarium (2), P. mamillatum (1-3),

P.minus (1-3), P.monospermum (1,2), P.oligandrum (1,2),
P. papillatum (1-3), P.parvum (1-4), P.rostratum (1-6),
P.salinum (1,2), P.salpingophorum (1,2), P.spinosum (1-
3), P.sp.(ma2153) (1,2), P.torulosum (1-3), P.tracheiphilum
(1,2).
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Table A.9 Isolate means for four directly measured criteria and two derived indexes for oogonia from each 13 isolates
of nearly plerotic oospore species

oospore wall aplerotic
Pythium species isolate # | oogonia | oospore | thickness sporangia | oospore wall index | index
P.acanthicum nearly
1059 20.6 19.3 1.4 | 27.7 37.51 82.23757 71.88131 plerotic
2230 20.5 19.4 1.5 |242 39.59 84.75076
192 21.36 18.24 2.3 1.24 58.18 62.26884
171 23.13 20.44 2.8 | 1.06 61.73 69.0106
181 20.56 17.45 2.1 1.2 56.22 61.13881
P.aphanidermatum nearly
1 22.88 20.16 2.56 |2.32 58.48 68.40747 66.62179 plerotic
25.88 22.72 3.23 |3.14 63.34 67.66003
4 22.64 19.49 1.78 [3.16 45.4 63.79788
P.echinulatum nearly
2592 20.9 18.6 1.2 1243 33.93 70.48553 69.29403 plerotic
2245 20.8 18.3 1.1 268 31.9 68.10253
P.ultimum var nearly
ultimum 291 21.93 19.52 234 [ 142 56.06 70.52183 73.04776 plerotic
141 18.16 16.44 1.1 1.32 35.01 74.19214
181 20.16 18.27 0.86 | 1.42 25.67 74.42932
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Table A.9.1 Names of nearly plerotic oospore species depend on numbers

species numbers
P.aphanidermatum1l 1
P.aphanidermatum?2 2
P.aphanidermatum3 3
P.acanthicuml1 4
P.acanthicum?2 5
P.acanthicum3 6
P.acanthicum4 7
P.acanthicum5 8
P.echinulatum 1 9
P.echinulatum 2 10
P.ultimum var ultimum1 11
P.ultimum Va rultimum?2 12
P. ultimum var ultimum3 13

Table A.9.2 Cluster membership for nearly plerotic oospore species

Case 3 Clusters
1:Aphanl 1
2:Aphan2
3:Aphan3
4:acanthl
5:acanth2
6:acanth3
7:acanth4
8:acanth5
9:echinul
10:echinu2
11:ultimul
12:ultimu?
13:ultimu3

el N e Y e e e e e e e e RN

Table A.9.3 Eigen values for 13 isolates of nearly plerotic Pythium species

Function | Eigen |% of Variance [Cumulative % Canonical
value Correlation
1 1.784 68.8 68.8 .801
.808 31.2 100.0 .669
3 .000 .0 100.0 021
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Table A.9.4 Clusters for nearly plerotic oospore species produced by
canonical variate analysis

Cluster Pythium species isolates

number

Cluster 1 P.aphanidermatum (3), P.echinu (1, 2), P.ultimum var
ultimum (3).

Cluster 2 P.acanthicum (1-5), P.aphanidermatum (1), P.ultimum
var ultimum (1).

Cluster 3 P.aphanidermatum (2).

Cluster 4 P.ultimum var ultimum (2).
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Table A.10 Isolate means for four directly measured criteria and two derived indexes for oogonia from each 88 isolates

of aplerotic oospore species

oospore wall

oospore wall

Pythium species isolate # | oogonia | oospore thickness sporangia index aplerotic index

P.anandrum 2027 27.4 22.2 1.7 0.3 27.7 39.27 53.18721 | 64.74498 | aplerotic
704 26.7 233 1.5 0.2 28.1 33.87 66.45597
806 26.6 24.3 1.4 0.2 27.9 30.74 76.23842
2227 253 21.7 1.7 0.8 31.1 40.02 63.0983

P.aquatile 756 19.4 15.1 1.1 0.2 37.65 47.15477 | 51.41139 | aplerotic
817 19 15.3 1 0.3 34.31 52.21719
728 18.9 14.3 1.4 0.3 47.99 43.31344
1054 18.8 14.6 1.6 0.2 52.39 46.83656
809 18.6 15.4 1.5 0 47.8 56.75751
2010 18.3 14.8 1.6 0.3 51.85 52.8971
2020 18.2 14.6 1.5 0.1 49.84 51.62314
2138 18.1 15 1.6 0.2 51.32 56.91648
1032 18.1 14.4 1.5 0 50.38 50.35606
865 17.8 13.9 1.3 0.4 25.52 47.61945
2072 17.8 14.7 1.5 0.4 49.58 56.32381
897 17.7 14.3 1.3 0.4 45.23 52.73371
725 17.7 14.1 1.4 0.3 48.53 50.55191
2111 17.6 14.5 1.5 0.4 50.11 55.91985
770 17.5 13.8 1 0 37.48 49.03691
864 17.4 14 1.4 0.3 48.8 52.08784
667 17.2 13.8 1.3 0.4 46.54 51.64781

P.coloratum 804 20.7 16.9 1.4 0.2 41.92 54.41881 | 55.73612 | aplerotic
2362 20 16.6 1.7 0.5 49.72 57.1787
1109 19.3 16.4 1.9 0.5 54.65 61.35636
1002 18.9 15 0.8 0.3 28.71 49.9906
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oospore wall

oospore wall

Pythium species | isolate # | oogonia | oospore thickness sporangia index aplerotic index
P.debaryanum 701 20.8 16.6 1 0.2 23.6 31.96 50.83166 | 63.05489 | aplerotic
818 19.6 16.5 1 0.4 . 32.13 59.66005
2746 19.6 16.3 0.9 0.2 24.8 29.61 57.51678
773 19.5 17.2 1 0.3 . 30.98 68.62487
727 19.2 16.1 1.5 0.2 23.8 46.13 58.96224
805 18.9 16.9 1.3 0.3 39.42 71.49484
772 18.8 16.4 1.1 0.2 . 35.09 66.38317
858 18.8 16.2 1.7 0.3 23.8 50.67 63.98402
816 18.6 16.2 0.8 0.4 26.8 66.07029
807 18.3 16.3 1 0.2 . 32.48 70.66584
861 18.2 15.3 1.4 0.3 244 45.47 59.41008
P.dissotocum 788 18.9 14.9 0.8 0.3 28.88 48.99744 | 55.68779 | aplerotic
896 18.8 15.6 0.5 0.1 18.02 57.13474
2073 18.6 15.1 1.6 0.3 51.05 53.50471
2193 18.3 15.9 1.9 0.4 55.93 65.59007
894 17.4 14.1 1.1 0.3 . 39.88 53.212
P.irregulare 726 19.2 15.1 1 0.1 23.8 34.7 48.64376 | 50.13197 | aplerotic
672 19.1 14.5 0.94 0 27 34.07 43.7526
2087 19 15.3 1 0.4 23.5 34.31 52.21719
631 18.3 14.6 0.8 0.2 26.9 2941 50.78147
713 18 14.1 1 0.1 24.9 36.8 48.0662
2019 17.9 14.3 1.2 0.3 22.6 42.37 50.98577
2088 17.3 14.3 0.6 0.2 23.7 23.12 56.47676
P.iwayami 747 25.6 21 2 0.5 22.1 46.95 55.19986 | 55.16863 | aplerotic
2732 24.7 20 1.8 0.4 28.8 44.86 53.08834
2651 21.2 17.6 1.8 0.3 242 49.67 57.2177
P.pachycaule 650 27.1 23.3 1.5 0.6 33.87 63.55649 58.196 | aplerotic
572 26.1 21.1 2.3 0.3 52.18 52.8355
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oospore wall

oospore wall

Pythium species isolate # | oogonia | oospore thickness sporangia index aplerotic index
P.middletonii 760 23.7 18.6 1.5 0.2 35.2 41 48.33857 | 53.85257 | aplerotic
758 21.3 17.4 1.2 0.3 36.6 3593 54.51411
761 20.9 17.5 1.6 0.3 32.8 45.44 58.70503
P.nagaii 2390 19.2 16.1 1 0.2 24.2 32.83 58.96224 | 58.31942 | aplerotic
2729 17.9 14.9 0.7 0.6 25 25.62 57.67661
P.lucens 2454 26.6 19.8 1.9 0.2 24.77 47.23 41.24304 | 40.92036 | aplerotic
8241 26.2 19.4 2 0.3 20.9 4998 40.59769
P.paroecandrum 708 24.8 19 1.1 0.2 22.7 30.87 4496823 | 59.12575 | aplerotic
2012 23.9 19.8 1.5 0.3 21.1 38.92 56.85935
2308 22.9 19 0.9 04 25.7 25.81 57.11555
775 19.7 18.1 14 0.3 22.4 39.6 77.55987
P.pulchrum 2247 28.5 23.8 1.1 0.4 33.9 25.25 58.23664 | 51.33417 | aplerotic
2522 24.2 18.1 1.5 0.1 27.4 41.94 41.8398
4001 21.5 17.5 1.1 0.2 23.8 33.17 53.92607
P.pyrilobum 2458 24.4 20.2 2 0.4 48.42 56.73939 | 61.10365 | aplerotic
2853 24.3 21.1 1.3 0.4 . 32.6 65.46792
P.sylvaticum 2470 23.1 19.5 1.3 0.4 26 349 60.15447 60.4769 | aplerotic
688 22.9 194 1.1 0.4 26.8 30.31 60.79932
P.tenue 771 15.9 12.7 1 0.2 40.19 50.95887 | 49.17611 | aplerotic
384 11.8 9.2 09 0.2 47.96 47.39336
P. ultimum var. 2197 222 18.7 13 | 03 26.6 36.18 59.76761 | 56.16864 | aplerotic
sporangiiferum
2222 21.6 17.6 1 0.2 25.3 30.36 54.09744
2130 214 16.7 1 0.2 26.8 31.8 47.52346
2221 214 17.7 1.3 0.3 27.1 37.91 56.58202
682 21.3 17.6 1.3 0.3 38.09 56.4156
707 21.2 17.1 1 0.3 31.14 52.47842
850 20.7 17.8 1.5 0 42.52 63.58416
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oospore wall

oospore wall

Pythium species isolate # | oogonia | oospore thickness sporangia index aplerotic index

2018 20 16.4 1.3 0.3 40.42 55.1368
733 19.6 16.9 1.1 0.2 . 34.19 64.105
683 19.4 15.6 1.5 0.1 20.7 47.31 51.99584

P.vexans 2253 22.8 19.1 1.7 0.4 16.2 44.46 58.78893 | 58.13867 | aplerotic
2149 22.6 19.1 1.7 0.3 ) 44.46 60.36355
2082 22.3 18.3 1.4 0.2 15.3 39.24 55.26354

P.violae 2160 26.4 22 0.8 0.3 28.9 20.27 57.87037 | 60.42207 | aplerotic
3020 25.2 21.6 0.9 0.3 28.3 22.97 62.97376
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Table A.10.1 Names of aplerotic oospore species depend on numbers

species Numbers
P.anandruml 1
P.anandrum?2 2
P.anandrum3 3
P.anandrum4 4
P.aquatilel 5
P.aquatile2 6
P.aquatile3 7
P.aquatile4 8
P.aquatile5 9
P.aquatile6 10
P.aquatile? 11
P.aquatile8 12
P.aquatile9 13
P.aquatilel0 14
P.aquatilell 15
P.aquatilel1?2 16
P.aquatile13 17
P.aquatile14 18
P.aquatile1l5 19
P.aquatilel16 20
P.aquatilel? 21
P.coloratuml 22
P.coloratum2 23
P.coloratum3 24
P.coloratum4 25
P.debaryanuml 26
P.debaryanum2 27
P.debaryanum3 28
P.debaryanum4 29
P.debaryanum5 30
P.debaryanum6 31
P.debaryanum?7 32
P.debaryanum8 33
P.debaryanum9 34
P.debaryanum10 35
P.debaryanum1l 36
P.dissotocuml 37
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species Numbers
P.dissotocum?2 38
P.dissotocum3 39
P.dissotocum4 40
P.dissotocum5 41
P.irregularel 42
P.irregulare2 43
P.irregulare3 44
P.irregulare4 45
P.irregulare5 46
P.irregulare6 47
P.irregulare7 48
P.iwayamil 49
P.iwayami2 50
P.iwayami3 51
P.pachycaulel 52
P.pachycaule2 53
P.middletoniil 54
P.middletonii2 55
P.middletonii3 56
P.nagaiil 57
P.nagaii2 58
P.lucensl 59
P.lucens2 60
P.paroecandruml 61
P.paroecandrum2 62
P.paroecandrum3 63
P.paroecandrum4 64
P.pulchruml 65
P.pulchrum2 66
P.pulchrum3 67
P.pyrilobuml 68
P.pyrilobum2 69
P.sylvaticuml 70
P.sylvaticum2 71
P.tenuel 72
P.tenue2 73
P. ultimum var. sporangiiferuml 74
P. ultimum var. sporangiiferum2 75
P. ultimum var. sporangiiferum3 76
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species Numbers
P. ultimum var. sporangiiferum4 77
P. ultimum var. sporangiiferumb 78
P. ultimum var. sporangiiferumé 79
P. ultimum var. sporangiiferum? 80
P. ultimum var. sporangiiferum8 81
P. ultimum var. sporangiiferum9 82
P. ultimum var. sporangiiferum10 83
P.vexansl 84
P.vexans2 85
P.vexans3 86
P.violael 87
P.violae2 88

Table A.10.2 Cluster membership for aplerotic oospore species

Case 4 Clusters
1:anandl 1
2:anand?2
3:anand3
4:anand4
S:aquatl
6:aquat2
7:aquat3
8:aquat4
9:aquat5
10:aquat6
11:aquat?
12:aquat8
13:aquat9
14:aquatl0
15:aquatl 1
16:aquatl?2
17:aquat13
18:aquat14
19:aquat15
20:aquat16
21:aquatl?7
22:coloral
23:colora2

WL |W W [W W[ W [W [ W[W[W|W[IW|W|W[W[W|W|[W N |m=




122

Case

4 Clusters

24:colora3

3

25:colora4

26:debaryl

27:debary2

28:debary3

29:debary4

30:debary5

31:debary6

32:debary7

33:debary8

34:debary9

35:debary10

36:debaryll

37:dissoto1

38:dissoto2

39:dissoto3

40:dissoto4

41:dissoto5

42:irregul

43:irregul2

44:irregul3

45:irreguld

46:irreguls

47:irregul6

48:irregul’

49:iwayal

50:1waya2

51:iwaya3

52:middlel

53:middle2

54:middle3

55:nagaiil

56:nagaii2

57:paroecl

58:paroec?2

59:paroec3

60:paroec4

61:pulchrl

62:pulchr2

D[ WD [N WL [WIN|WININI[W WL [WLWWLIWLWIIWLW[WLWI[WIWIWI|W[WI[W|W[W|W[W[W[W[W]|W[W|W
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Case

4 Clusters

63:pulchr3

3

64:pyrilobl

65:pyrilob2

66:sylvatl

67:sylvat2

68:tenuel

69:tenue?

70:ultimul

71:ultimu?

72 :ultimu3

73:ultimu4

74:ultimus

75:ultimu6

76:ultimu7

77 ultimu8

78:ultimu9

79:ultimul0

80:vexansl

&1:vexans2

82:vexans3

83:violael

84:violae2

85:pachyl

86:pachy?2

87:lucencl

88:lucenc2

NN [ (D[ DN [W W [W W W W |W | W (W[IN[RA[WIN NN

Table A.10.3 Eigen values for 88 isolates of aplerotic oospore species

Canonical |Cumulative % |% of Variance | Eigen value | Function
Correlation
954 84.8 84.8 10.214 1
751 95.6 10.8 1.297 2
.590 100.0 4.4 534 3
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Table A.10.4 Clusters for a plerotic oospore species produced by canonical
variate analysis

Cluster Pythium species isolates
number
Cluster 1 P.aquatile (1-17), P.coloratum (1-4), P.debaryanum

(1-11), P.dissotocum (1-5), P.irregulare (1-7),
P.iwayami (3), P.middletonii (1-3), P.nagaii (1,2),
P.paroecandrum (1-4), P.pulchrum (2,3), P.sylvaticum
(1,2), P.tenue (1), P. ultimum var. sporangiiferum (1-
10), P.vexans(1-3).

Cluster 2 P.lucens (1, 2), P.pachycaule (2).

Cluster 3 P.iwayami (1, 2), P.pyrilobum (1).

Cluster 4 P.anandrum(2), P.pulchrum (1), P.pyrilobum (2).
Cluster 5 P.violae (1, 2).

Cluster 6 P.tenue (2).

Cluster 7 P.pyrilobum (2).

Cluster 8 P.anandrum (1).

Cluster 9 P.anandrum (3)0.

Cluster 10 P.anandrum (4).
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