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ABSTRACT

The phyllosphere has many features that make it an excellent habitat for
microorganisms. Some microorganism in phyllosphere play favourable role while
some have drastic effects. The study was carried out in a systematic sampling design
using completely randomized design (CRD) with six replications. The infected
leaves of Irvingia gabonensis and Psidum guajava were collected from the forest
arboretum. The fungal isolated and identified from the phyllosphere leaves of the
two test plants are: Trichophyton terrestre, Trichophyton rubrum, Microsporum
canis, Microsporum audouinil, Candida rugosa, Candida glabrata, Candida
krusei, Rhodotorula spp and Trichothecium spp. Though Rhodotorula spp,
Microsporum audouinil and Trichothecium roseum, were absent in the leaves of
Psidium guajava. However, the bacterial isolated from the phyllosphere of Irvingia
gabonensis and Psidium are; Bacillus spp, Micrococcus spp, and Pseudomonas
spp. Generally 9 fungi and 3 bacteria organisms were isolated, identified and
classified into different phylum, class and genera. The Sampson’s diversity index
of fungi found in the phyllosphere of Irvingia gabonensis (A=1.00) and Psidium
guajava (A=1.00). This indicated that there was no diversity of fungi in both tree
stands. Results on Simpson’s diversity index value of fungal and bacterial
population found in the I. gabonensis (0.00) and P. guajava (1.00). In conclusion,
fungi facilitate the transfer of nutrients from the soil into plant roots, and in turn
receive carbon from the plant. Fungi metabolize proteins, and release inorganic
forms of nitrogen, such as nitrate, that can easily be taken up by plant roots.
 Keywords: Simpson’s diversity index (SDI), Phylosphere, Forest arboretum,

Irvingia gabonensis, Psidium guajava.
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INTRODUCTION
Fungi play an important role in energy
cycling within, and between, ecosys-
tems. Fungi are found in terrestrial,
marine and freshwater environments,
and are part of a diverse community of
“decomposers” that break down dead
plants and animals. Aside from fungi,
this community includes bacteria, tiny
invertebrates, such as nematodes, and
larger invertebrates, like snails, beetles
and earthworms. Fungi transform
organic matter into forms that can be
utilized by other decomposers, and into
food for plants (Pfaller and Dickema,
2004). Fungi live everywhere that mois-
ture is present. Plants require nutrients
for growth, but nutrients are seldom
freely available in soil or water because
they are locked up in insoluble com-
pounds. Plants therefore rely on decom-
posers to provide them with soluble
nutrients that can be taken up by roots.
For instance nitrogen, one of the most
important plant nutrients, is locked into
proteins that are not easily taken up by
plants, although some plants have been
shown to do so. Fungi metabolize pro-
teins, and release inorganic forms of
nitrogen, such as nitrate, that can easily
be taken up by plant roots. In freshwater
environments fungi are instrumental in
the transfer of energy from riparian
forest to aquatic ecosystems, by decom-
posing wood and leaf litter that fall into

the water. In terrestrial systems, fungi
transfer energy from above the ground,
to below it, where it is recycled back to
plants (Vorholt, 2014). Ingham (2009),
states that “Bacteria are tiny one-celled
organisms generally 4/100,000 of an
inch wide (1 µm).
They are a type of biological cell. They
constitute a large domain of prokaryotic
microorganisms. Typically a few
micrometres in length, bacteria have a
number of shapes, ranging from spheres
to rods and spirals. Bacteria were
among the first life forms to appear on
Earth, and are present in most of its
habitats. Bacteria inhabit soil, water,
acidic hot springs, radioactive waste,
(Fredrickson et al., 2004) and the deep
portions of Earth's crust. Bacteria also
live in symbiotic and parasitic relation-
ships with plants and animals. Most
bacteria have not been characterized,
and only about 27 percent of the bacte-
rial phyla have species that can be
grown in the laboratory (specifically
uncultivable phyla, known as candidate
phyla, make up 103 out of approxi-
mately 142 known phyla, (Dudek et al.,
2017).
Some species of fungi form symbiotic
relationships with plants. Mycorrhizal
fungi are associated with plant roots.
This relationship is mutually beneficial
because fungi facilitate the transfer of
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nutrients from the soil into plant roots,
and in turn receive carbon from the
plant. Carbon is stored by fungi in the
soil and therefore is not released as
carbon dioxide. It was once thought that
plants were the only source of carbon for
mycorrhizal fungi. However, an article
published in the May 2008 issue of
“Functional Ecology” reveals that myc-
orrhizal fungi can actively decompose
organic carbon, and therefore play a
greater role in carbon loss and input
from soil than previously thought.
Lichens are another type of fungi that
form a symbiotic relationship, but they
do so with cyanobacteria. Lichens
provide shelter for the bacteria, which
in turn make energy and carbon for
lichens via photosynthesis.
Fungi is any member of the group of
eukaryotic organisms that includes mic-
ros-organisms such as yeast and molds
as well as much familiar mushrooms.
These organisms are classified as
kingdom fungi, (Hawksworth et al.,
2017).
Fungal life forms vary from short-lived
unicellular yeasts to mycelia networks
covering hundreds of square meters and
living for hundreds of years (Ferguson
et al. 2003) (McLaughlin et al., 2009).
The main fungal life strategies are to
decompose non-living organic matter
(saprotrophs), to form mutualistic asso-
ciations with autotrophic organisms

(mycorrhiza and lichens), parasitize
other organisms, or to live inside living
plant tissues (endophytes) (Boddy, et al.,
2008; Smith and Read 2008; Heilmann-
Clausen et al., 2014).
Fungi represent a diverse kingdom,
equal in species richness to animals and
exceeding plants (Blackwell 2011; Ted-
ersoo et al., 2014). Fungal diversity
seems to be highest in soils and a few
grams of soil can harbour hundreds of
fungal species (Vander Heijden Bardg-
ett, and van Straalen 2008; Peay, et al.,
2016). Because of the diversity of fungi
and since fungal communities with con-
siderable differences in composition of
species have been observed in similar
habitats, fungal communities have for
long been assumed to be functionally
redundant – one community performing
a function equally well as another under
the same environmental conditions
(Allison and Martiny 2008; Peay, et al.,
2016).
They form a basis of existence for other
organisms by providing habitats and a
source of food (Heilmann-Clausen et al.,
2014). Fungi also have the capacity to
decompose complex organic compounds
and take part in mineral weathering,
which is why they are important players
in processes regulating soil formation,
soil fertility, and carbon sequestration
(Finlay et al., 2010; Clemmensen et al.,.
2013; Shah et al., 2015). Some fungi
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cause plant diseases while others
decrease the effects of plant diseases and
abiotic stresses (Smith and Read 2008;
Fisher et al., 2012). The specific objec-
tives of this research are to isolate and
identify the presence of some fungi and
bacteria found at the Irvingia gabonesis
and Psidium guajava of the forest Arbo-
retum, Rivers State and compare the
abundance of the fungi and bacteria
pathogens found at the plant phylo-
sphere of the forest arboretum.

MATERIALS AND METHODS
Study Area
The study was conducted in the Arbore-
tum of Forestry and Environment, Rivers
State University, Nkpolu-Oroworukwo
situated in Latitude 4.5°N and Longitude
7.01°E at an Altitude of 223 above sea
level (Tariah et al., 1991; Chukunda,
2014).
Methods of Sample Collection
In this study systematic sampling design
was employed, a transect was laid meas-
uring 10m by 100.0 m marked and later
divided into three equal sub-plots of 10.0
mx 33.0 m for easy sample collection.
The samples were collected in a com-
pletely randomized design (CRD) due to
the homogeneity of the arboretum and
replicated six times. The samples col-
lected were immediately brought to the
laboratory (Forest Pathology Unit).

Preparation of Potato Dextrose Agar
Medium
The potato tubers was peeled and
weighed for about 250.0 g.  tubers was
chopped into small pieces with the help
of sterile knife. The chopped potatoes
were transferred into a conical flask
containing about 1000.0 ml of distilled
water. The content was boiled for 20.0
minutes.
The supernatant was decanted and filtered
by muslin cloth and the filtrate was
collected. Dextrose (15.0 g) and agar
(15.0 g) was transferred into the extract
and swirled to dissolve the ingredients.
The medium was made up to 1.0 litre by
addition of distilled water. The pH of the
medium was adjusted to 5.6.  Finally, the
medium was cotton plugged and auto-
claved at 121ºC for 15 minutes (Chuku-
nda, 2014; Chukunda and Alapiki, 2019).
Isolation of Microorganisms
The microbes from phyllosphere, of Irv-
ingia gabonesis  and Psidium guajava
was isolated on their respective media;
bacterial isolates on nutrient agar (NA)
and fungal isolates on potato dextrose
agar (PDA). Serial dilution technique was
performed up to 5-10.0 dilution. The
cultures were incubated for 3 and 5 days
at 28°C to observe the bacterial colonies
and fungal growth respectively. Individ-
ual bacterial colonies and fungal structure
was selected based on their morphologi-
cal characteristics, picked and re-cultured
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on fresh media for purification to gener-
ate pure cultures. The pure cultures were
maintained at 4°C (Chukunda et al.,
2019; Punithalingam, 1976).
Abundance of Bacteria Found in the
Phylosphere of Irvingia gabonensis
and Psidium guajava Forestry Arbo-
retum, Rivers State University, Port
Harcourt
The associated pathogens of some
selected leaves samples was isolated
from the infected leaves  (Chukunda and
Alipki, 2019) .
The infected leaves the surface sterilized
in 2.0 % sodium hydrochlorite solution
for 3 minutes followed by washing with
sterile distilled water (Chukunda et al.,
2019). The surface sterilized pieces of
infected leaves were cut into 3-4mm size
and then placed on three layers of mois-
tened fitter paper in Petri dishes (Saleem
and Nasil, 1991). All Petri dishes were
incubated at 28  2 oC, for 3-5 days
(Paunithaligam, 1967). The fungi were
examined under microscope and main-
tained on pure culture plates at room
temperature (Ukoima and Chukunda,
2016: Pathak, 1987).
Statistical Analysis
The experiment was laid out in a Com-
pletely Randomized Design (CRD). The
treatment was replicated six times. Data
collection was analyzed by analysis of
variance (ANOVA) using SPSS Genstat

software are described by Steel and
Torie (1980).

RESULTS
Isolation of Fungi and Bacteria obtained
from Phyllosphere of Irvingia gabonen-
sis and Psidium guajava in the Forest
Arboretum of Rivers State University.
The result of fungi and bacteria isolated
from phyllosphere of Invingia gabonen-
sis and Psidium guajava in the forest
arboretum of Rivers State University are
shown in Tables 1a and 1b. The result
indicated that there were nine fungi and
three bacterial found in the phylosphere
of Irvingia gabonensis and Psidium
guajava in the Forest Arboretum of
Rivers State University and they include
the following:  Trichophyton terrestre,
Microsporum canis, Rhodotorula spp,
Microsporum audouinil, Candida
rugosa, Trichothecium
roseum,Trichophyton rubrum, Candida
glabrata and Candida krusei, Rhodo-
torula spp, Microsporum audouinil,
Trichothecium roseum. While the bacte-
ria found were: Bacillus spp, Micrococ-
cus spp and Pseudomonas spp.
However, these fungi and bacteria iso-
lated were classified into their phylum,
class, genera and cell morphology
(Table 1b).
Abundance of Fungi and Bacteria
using Simpsons Diversity Index (SDI)
The abundance of fungi and bacteria
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Table 1a:Isolation of Fungi and Bacteria obtained from Phyllosphere of Irvingia
gabonensis and Psidium guajava in the Forest Arboretum of Rivers State
University

Micro-organisms Irvingia gabonesis Psidium guajava

Fungi

Trichophyton terrestre + +

Trichophyton rubrum - +

Microsporum canis + +

Microsporum audouinil + _

Candida rugosa + +

Candida glabrata - +

Candida krusei - +

Rhodotorula spp + _

Trichothecium roseum + _

Bacteria

Bacillus spp + -

Micrococcus spp - +

Pseudomonas spp - +
Key: + = Specie of organism present in the sample collected,

- = Species of organism not present in the sample collected

isolated from  Irvingia gabonensis and
Psidium guajava using Simpsons Diver-
sity Index are presented in Table 2. The
results of the isolation shown that there
was significant difference (P<0.05) in

the organisms found in the two test
plants. However, the simpsons diversity
index indicated that Irvingia gabonensis
(0.00) and Psidium guajava (1.00)
deferred significantly.
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DISCUSSION
The results on the frequency of occur-
rence of fungal and bacterial pathogens
of infected leaves of Irvingia gabonensis
and Psidium guajava (Table 1) indicated
that Trichophyton terrestre, Microspo-
rum canis, Rhodotorula spp, Microspo-
rum audouinil,Candida rugosa,
Trichothecium roseum, Trichophyton
rubrum, Candida glabrata, Candida
krusei, Bacillus spp, Pseudomonas spp
and Micrococcus spp were found to be

responsible for the leaves damage  of
Irvingia gabonensis and Psidium
guajava collected from the forest arbo-
retum. However, bacteria isolated from
the Phyllosphere of Irvingia gabonensis
and Psidium guajava are Bacillus spp,
Micrococcus spp and Pseudomonas spp
though Bacillus spp was absent in
Psidium guajava leaves sampled. Gen-
erally, 9 fungi and 3 bacteria organisms
were isolated, identified and classified
into their different phylum, class, genera

Table 2: Comparison of the Abundance of Fungi and Bacteria using
Simpsons Diversity Index (SDI)

Fungi Class Operational Taxonomic
Unit Species (OTUS)

Relative Percentage of
Fungi Counts in Both
Plants

I. gabonensis P. guajava
Eurotiomycetes Trichophyton terrestre 1 1
Eurotiomycetes Trichophyton rubrum - 1
Eurotiomycetes Michrosporum canis 1 1
Eurotiomycetes Michrosporum audouinil 1 -
Saccharomycetes Candida rugosa 1 1
Saccharomycetes Candida glabrata - 1
Saccharomycetes Candida krusei - 1
Saccharomycetes Trichothecium roseum 1 -
Basidiomycota Rhodotorula spp 1 -
Abundance Index
Simpsom’s diversity index 1 1

Bacteria class
Bacill Bacillus spp 3 -
Actiono bacteria Micrococcus spp - 1
Gammaproteo bacteria Pseudomonas spp - 1
Abundance Index 3 1
Simpsons diversity index (SDI) 0.00. 1.00

Chukunda et al.
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and cell morphology/microscopic char-
acteristics. This is consistent with the
findings of Chukunda et al., (2020).
The results on the abundance of fungi
and bacteria found in the Phyllosphere
of Irvingia gabonensis and Psidium
guajava tree stands are shown in Table
2. The result indicate that there was
diversity of fungi isolated in both Irvin-
gia gabonensis (SDI = 1.00) and Psidi-
um guajava  (SDI = 1.00) tree stands in
the forest Arboretum. However, the
Simpson's Diversity index value of bac-
teria population found in the Irvingia
gabonensis tree stand (SDI=0.00) was
less when compared to the bacteria iso-
lated from Psidium guajava
(SDI=1.00).  This was earlier agreed by
Chukunda et al., (2020).
The pathogens found in some plants of
the forest arboretum like African
mahogany have earlier been implicated
by Ukoima and Chukunda (2016) who
reported on the influence of physiologi-
cal factors on mycelia growth of B.
theobroma, and Rhizopus stolonifer
which caused serious rotting in Annona
muricata. Similarly Ukoima et al.,
(2013) isolated Aspergillus niger from
seeds of Jatropha. Chukunda (2014)
found Aspergillus niger, Aspergillus
favus, Rhizopus stolonifer, Fusarium
pallidoroseum, Botryodiplodia theobro-
mae, Collectotricum gloeosporoides,
Penicillin expansum and Biotrytis

cinerea to be responsible for the serious
decay of avocado pear obtained in the
Niger Delta ecosystem.
The phyllosphere has many features that
make it an excellent habitat for microor-
ganisms. A. alternata is an opportunistic
pathogenic fungus that causes leaf spot,
leaf blight and leaf rot diseases on
various plants (Sharma et al., 2013).
Cladossporium is a plant pathogenic
fungi caused infection of leaves, root,
fruits and seedlings of various plants,
(Dhar et al., 2015). F. oxysporum caused
infection in vascular system, chlorosis,
wilting, necrosis, immature leaf drop,
stunting, and damping-off diseases in
various plants. Micrococcus spp as bio
control agent harmful plant pathogenic
fungi thus it can help in promoting the
plant yield and growth and to sustainable
plant production while some bacterial
enhances plant growth and yield and are
referred to as plant growth promoting
bacteria (PGPB). These bacterial pro-
duces phytohormones, increased seed
vigor, improved field emergence,
enhance plant resistance to abiotic stress
and induce defense mechanisms against
biotic stress. Some of these bacterial can
live in the soil without forming symbi-
otic association with plants. Plant
growth promoting bacteria exerts posi-
tive effects on plant health and crop
yield and they can be used in biological
crop production (Beneduzi et al., 2012,
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Chen et al., 2006, Cumming et al., 2009,
Czaban et al., 2007, Figueiredo et al.,
2010, Yang et al., 2009, Mendes et al.,
2012). Among the various bacterial
genera possessing traits characteristics
of plant growth promoting bacteria
which includes Basillus, Pseudomonas
etc (Rodriguez et al., 1999; Vessey
2003). This agreed with the present
finding.
The bacteria of the genus Pseudomonas
possesses a high potential for the fixing
nitrogen, solubilizing phosphate, inhib-
iting the development of phyto patho-
gens, producing phyto hormones and
colonizing plants. (Botelho et al., 2006,
Das et al., 2003, Thakker et al., 2013,
Yu et al., 2011; Xie et al., 2015).
Several authors have isolated Rhodo-
torula in different ecosystems and envi-
ronments as well as described infections
in animals. Rhodotorula spp. have been
recognized as emerging. Although the
consumption of food contaminated with
yeast may not have a direct role in
causing opportunistic infections, there
is growing concern that food may bean
under estimated source of environmental
pathogens (Fleet et al., 2003) Compared
to R. mucilaginosa, R. glutinis and R.
minuta are less frequently isolated in
natural environments. This is in conso-
nance to the present result findings.

CONCLUSION AND RECOMMEN-
DATIONS
The phyllosphere has many features that
make it an excellent habitat for microor-
ganisms. Some microorganism in phyl-
losphere play favourable role while
some have drastic effects.
It has become clear that fungi and bacte-
ria are crucial to the functions in both
natural and anthropogenic ecosystems.
At the ecosystem, fungi and bacteria
present all types of outcomes, from
positive to negative. As a result, they
represent a great potential to be har-
nessed, for instance in a sustainable
agriculture.
Fungi and bacteria are essential to many
of the most basic ecosystem processes:
saprobic fungi break down fallen wood
and litter returning nutrients to the soil;
nitrogen-fixing bacteria and mycorrhizal
fungi assist plants to obtain nutrients
from the soil; and many groups of fungi
and bacteria cause diseases of plants and
animals.
Fungi play a very important part in the
decomposition process, because they can
break down tough organic materials,
such as cellulose and lignin, which
invertebrates find difficult to digest.
Fungi facilitate the transfer of nutrients
from the soil into plant roots, and in turn
receive carbon from the plant. Fungi
metabolize proteins, and release inor-
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ganic forms of nitrogen, such as nitrate,
that can easily be taken up by plant roots.
The beneficial role of microorganisms
is in term of nutrient supply for plants
by enhancing as plant growth promoting
bacteria (PGPB) and also exhibiting
inhibitory effect against plant patho-
genic microorganisms.
Results from the research indicated that
plant growth promoting bacteria
(PGPB) should be introduced in the
forest Arboretum as it acts as bioinoc-
ulant as well as bio-control agent which
prevent the plants from pathogenic
micro-organisms that lead to the loss of
large amount of crop yield. Fungal and
bacteria model systems have the advan-
tages of being fast-growing and easy to
manipulate and track genetically, based
on these premises, fungi and bacteria
research should be expanded especially
in the forest Aboretum.
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