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Abstract:

The soil microfungi inhabiting pine (Pinus brutia Tern.) forests in Atrush and Zawita, Duhok governorate(Kurdistan
region),lraq were examined by using five isolation methods with the objective to compare the diversity of soil
microfungi at O1 and O2 soil horizon layers from both sites. A total of 26 genera and 51 species of soil fungi as well as
yeasts and non- sporulating mycelia were isolated from the two sites. Aspergillus was represented by 17 species and
thus showed the widest diversity among all recovered genera. A.niger and A.fumigatus were the most frequent species
among the genus. Black aspergilli were the most common species among the genus. They were represented by five
species viz A.awamori, A.foetidus, A niger, A. sclerotioniger and A.vadianes. Penicillium was the second in the number
of species isolated and was represented by 6 species. These include P. cammeberti, P. citrinum, P. coryophilum, P.
digitatum , p. glabrum and P. roquefotri.. Two species were identified in each of the genera Absidia, Cladosporium,
Emericella, Mucor and Paecilomyces. The rest genera that included Alternaria, Cunnighamella, Chaetomium,
Corynascus, Eupenicillium, Fusarium, Gymnoascus, Melanocarpus, Monilia, Pestatiolopsis, Phaeoacremonium
Phialophora, Rhizopus, Sordaria, Stachybotrys, Scytalidium, Thermomyces, Trichoderma and Ulocladium were each
represented by one species. The highest similarity index for fungal community inhabiting soil at both sites was found
in soil at O1 layer (Atrush) and O2 layer (zawita).The least (SI) was recorded between O1 layer (Zawita) and O2
layer (Atrush). Absidia spinosa, and Mucor plumbeus are newly recorded from Iraqg; hence they represent new
additions to the Iragi mycobiota.
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Introduction

Soil is the habitat for living many
organisms including, bacteria, fungi,
algae, viruses and protozoa. It supports the
growth of a variety of plants, animals and soil
microorganisms (Chiacek et al., 1996).

Soil fungi play an important role as a
major decomposers in the soil ecosystem.
They also provide mankind with very useful
pharmaceutical products, such as antibiotics
and other wvaluable substances, including
organic acids, enzymes, pigments and
secondary metabolites wused in the food

Bader(1989, 1990), forest soils (Al-Bader et
al., 2000; Abdullah and Abdullah, (2008,
2009, 2010) and from soil at vineyards
(Abdullah and Mohammed, 2011).

The present study was carried out on soil
fungi present in Atrush-Zawita natural pine
forest in Duhok governorate to study species
abundance, diversity and taxonomy.

Materials and Methods

Site Description
The study was conducted in the unique
natural pine forest restricted to Zawita-Atrush

industry and fermentation. In addition many
soil fungi are biological control agents for
plant pathogens and insect pests. On other
hand , some of them are very harmful
causing food spoilage and diseases to plants,
animals, and humans (Manoch, 2004).
Despite the fact that several studies on
Iragi soil there were carried in different
ecosystems, very little is known regarding
their diversity in forest soil. Previous studies
included desert soil (Abdullah et al., 1986), soil
at date palm plantations (Abdullah and Zora,
1993), cultivated soil in middle and Southern
parts of Irag (Al-Doory et al., 1959; Ismail
and Abdullah, 1977; Abdullah and Al-

locality (36°52 - 36°90 N latitude and 43°
17 -43° 58 E longitude). The forest supports

pure stand of Pinus bruitia Tern trees
covering a mountainous area of 100 Km
square, 10 Km NW of Duhok city

(Townsend and Guest, 1966; Shahbaz, 2007).
Both sites were about 8 Km apart from each
other and have similar climatic conditions, the
average minimum temperature is 8.97c° and
average maximum temperature is 22.34 c¢°. The
total rainfall average is 578.5mm. The monthly
average relative humidity (RH%) is ranging
between 18.5% to 68% with a total average
44.18% (Duhok metrological station, 2005).

97



Journal of University of Zakho, Vol. 2(A), No.1, Pp 97-106, 2014

The soil type is belonging to the mountain
soil according to the classification of Buringh
(1960) that constitute the bulk of soil in Atrush-
Zawita forest. Top soil is alkaline and mostly
covered by individual tress of Pinus bruitia. The
trees found to live up to 1600m in Zawita region
(Shahbaz et al., 2002).

Collection of Soil Samples

A total of 20 samples were collected during
November, 2011 from the two sites, 10 samples
points were selected in each site (Atrush-
Zawita). Soils were taken from the O1 horizon
layer with sterile trowel for each location in each
site (Atrush and Zawita) after first removing the
litter layer (L1-L2). Similarly soil samples were
collected from the O2 horizon layer after
removing the O1 horizon layer. Afterwards, soil
samples were stored in polythene bags at 5C°
and were processed within 1-2 weeks after
collection.

Data Analysis

Isolation of Fungi from Soil

Five isolation methods were used: dilution
plating method (Parkinson et al. 1971), direct
plating method (Warcup, 1960), soil treatment
with 5% Acetic acid (Furuya and Naito, 1979),
treatment with 70% ethanol (Warcup and Baker,
1960), and treatment with 2% phenol (Furuya
and Naito, 1980). Two types of media were
used to isolate fungi: potato carrot agar (PCA)
(20g peeled potato, 20g carrot, 20g agar, 1L
distilled water) and malt extract agar (MEA).
Media were supplemented with 50mg/L
chloramphenicol.
Identification of Fungi

Identification of fungal isolates was based on
morphological and cultural characteristics.
General and specific taxonomic literature was
used for identification of fungal species. Domsch
et al., (1980); Klich (2002), Ellis (1971, 1976),
Pitt and Hocking (1997), Watanabe (2002),
Samson et al.,, (2007), Frisvad and Samson
(2004).

Frequency of occurrence for soil samples was calculated based on the following formula:

%FO =

number of soil samplesthat a particular fungal speciesobserved y

100

total number of soil samples

Comparing the similarity of fungal species composition between different habitats, Sorensen’s index
(SI) was applied (Sorenson, 1948). The index was calculated as the following formula

2c

SI=4a+ b

Where

a = total number of species at site 1

b = total number of species at site 2

¢ = number of species common to both sites.

Similarity is expressed with values between 0 (no similarity) and | (absolute similarity).

Results

A total of 32 species belonging to 14 genera including yeasts and non sporulating mycelia were
isolated from soil of O1 layer obtained from the two sites (Zawita and Atrush). Their frequency of

occurrence is presented in table 1.

Twenty six species were detected on PCA medium and 32 species developed on MEA medium

after incubation at 25°C.

Aspergillus was represented by 12 species and thus showed the widest diversity among all
recovered genera. A.niger and A.fumigatus were the most frequent species within the genus.

Black Aspergilli were the most common species among the genus. They were represented by five
species A. awamori, A.foetidus, A.niger, A.vadiances and A. sclerotioniger.

Penicillium was second in the number of species isolated and was represented by 3 species. These
include P. camemberti, P. citrinum and P. glabrum. The later species was the most frequent among the

genus.
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Two species were indicated for each of the genera Mucor and Paecilomyces. The rest genera that
included Alternaria, Cheatomium, Cladosporium, Fusarium, Gymnoascus, Monilia, Rhizopus,

Sordaria, Stachybotrys, Ulocladium were represented by one species each.

Twenty two species were found common to both sites (Zawita and Atrush). Aspergillus alliaceus,
A.ornatulus and Gymnoasus ressiiwere detected only from Zawita sites whereas, Mucor sp.,

Stachybotrys atra and Cladosporium gallicola were detected from soil at Atrush site.

Table (1): % Occurrence of Fungi in Soil from O horizon (O1) Layer Incubated at 25°C

%

% Occurrence

%

% Occurrence

FUNGAL SPECIES Occurrence / / on MEA 25°C Occurrence / /on MEA
on PCA 25°C on PCA 25°C 25°C
A.awamori Nakaz 10% 20% 40% 30%
A. aliaceus Thom - 10% - -
A flavus Link 30% 20% - 10%
A .foetidus Thom&Raper 10% 10% 20% 20%
A.fumigatus Fresen 70% 80% 60% 90%
A.niger Fresen 80% 90% 90% 100%
A.ochraceus K.Wilh 20% 20% - 20%
A.ornatuluns Samson&W.Gams - 10% - -
A.tamarii Kita 10% 10% 20% -
A.terrus Thom 10% 30% 10%
A.vadiances Samf/ci):é éjre Vries, Frisvad & 20% 40% 10% .
A.sclerotioniger Samson & Frisvad - 30% - 30%
Alternaria alternata (Fr.) Keissler 10% - 30% 10%
Cheatonium sp. - 10% 20%
Cladosporium gallicola Sutton - - 10% 20%
Fusarium sp. 10% 30% 40%
Gymnoascus ressii Baranetzky - 10% - -
Monillia sp. 30% 40% 30% 10%
Mucor sp. - - 10% 10%
Mucor plumbeus Bonordon - 30% - 20%
P.camemberti Thom 10% 40% 10% 10%
P.citrinium Thom - 30% 20% 20%
P.glabrum (Wehmer)Westling 40% 70% 20% 50%
Paecilomyces variotii Bainier - 50% 40% -
Paecilomyces sp. 40% 30% 10% -
Rhizopus sp. 20% 60% 40% 50%
Sordaria fimicola[gzcl)\?;rg ex Desm.)Ces i 10% 20% 20%
Stachybotrys atra Corda - - 20% 30%
Sterile mycelium(white) 40% 60% 30% 70%
Sterile mycelium(brown) 20% 30% 20% 30%
Ulocladium atrum preuss. 10% - 10% 30%
Yeast 40% 60% 50% 40%
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Table (2): % Occurrence of Fungi in Soil from O horizon Layer (O2) Incubated at 25°C
ZAWITA

ATRUSH

FUNGAL SPECIES

% Occurrence /

% Occurrence /

% Occurrence /

% Occurrence /

on PCA 25°C on MEA 25°C on PCA 25°C on MEA 25°C
A.awamori Nakaz 30% 50% 50% 40%
A.alliaceus Thom - 30% - 20%
A.carbonarius (Bainier)Thom - 50% - 30%
A flavus Link 30% 30% 10% 20%
A.foetidus Thom&Raper 40% 50% 40% 30%
A.fumigatus Fresen 70% 90% 80% 100%
A.niger Tiegh. 80% 100% 50% 60%
A.ochraceus K.Wilh. 30% 50% 30% 30%
A.ornatulas Samson&W.Gams - 20% - -
A.oryzae Ahlburg)Cohn. - - - 20%
A.tamarii Kita 10% 20% - 10%
A.terrus Thom - 40% 30% -
*Viies FriovadgVisser : 50% : 30%
A.sclerotioniger Samson&Frisvad 20% 30% - 20%
Absidia spinosa Lender 20% - - 10%
Alternaria alternate (Fr.)Keissler - 10% - -
Cheatonium sp. 40% 30% 20% 20%
Cannln(grrr\]zr;.e)l_lrahzf(tmulata 20% ) _ )
Emericella nidulans (Eidam)Vuill. 10% 10% - -
Eupenicilium sp. 30% 90% 50% 100%
Fusarium sp. 40% - 50% 20%
Gymnoascus ressii Baranetzky 10% 10% - -
Monillia sp. 40% 40% 30% 40%
Mucor sp. 20% 10% 20% 10%
Mucor plumbeus Bonordon 10% 10% -
P.digitatum (Pers.)Sacc. 10% 20% - 10%
P.camemberti Thom 30% 20%
P.citrinium Thom 30% 20% - 20%
P.glabrum (Wehmer)Westling 40% 40% 30% 40%
P.roquiforti Thom 10% - - 10%
Paecilomyces variotii Bainier - 30% - 10%
Paecilomyces sp. 40% 10% - -
Rhizopus sp. 40% 30% 50% 40%
oo -
Stachybotrys atra Corda - 30% 10% 30%
Sterile mycelium(white) 40% 50% 40% 100%
Sterile mycelium(brown) - - - 20%
Ulocladium atrum Preuss. 10% - - 20%
Yeast - 30% 50% 60%

Frequency of occurrence of fungi detected from the O2 layer at both sites is showed on Table 2. A
total of 39 species including yeasts and non-sporulating mycelia assigned to 17 genera were detected
after incubation at 25C°. Aspergillus showed the widest diversity and was represented by 14 species.
A.niger, A.fumigatus, A,awamori, A.foetidusand A.ochraceuss were the most frequent species detected
on both media. Penicillium was second and represented by five species among them. P. glabrum was

the most frequent.
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A.ornatulus, Alternaria alternate, Cunnighamella echinulata, Emericella nidulaus, Gymnousus
ressii, Mucor plumbeus and paecilomyces sp., were isolated from Zawita soil, whereas, A.oryzae and
P. cammeberti were detected in the soil at Atrush site.

Table 3 shows the data for % frequency of occurrence of fungi isolated from O1 layer on both PCA
and MEA media after incubation at 40 C°.

A total of 31 species assigned to 16 genera including yeasts and non-sporulating mycelia were
detected from both sites.

Aspergillus was represented by 12 species among them, A.niger, A fumigatus were the most
frequent and showed high percentage of occurrence. Pinicillium citrinum was the only species isolated
at 40°C.

A. candidus, A. tamari, Cheatonium sp, Corynoascus spedonium, Melanocarpus sp, P. citrinium,
Paecilomyces sp., Sordaria fimicola, and Stachybotrys atra, were isolated from Atrush site whereas A.
flavus, A. ochraceus, A. ornatulans, C. gallicola and G ymnoascus ressii were detected in Zawita sites.

Table (3): % Occurrence of Fungi in Soil from O horizon Layer (O1) Incubated at 40c®

ZAWITA ATRUSH

% Occurrence % Occurrence/ % Occurrence % Occurrence

FUNGAL SPECIES / on PCA40°C  on MEA40°C / on PCA40°C /on MEA 40°C

A.awamori Nakaz 70% 20% - 10%
A.candidus Link - - 40% -
A.carbonarius(Bainier)Thom - 40% - 10%
A.flavus Link 20% 10% - -
A.foetidus Thom&Raper 10% 50% - 10%
A.fumigatus Fresen 30% 80% 50% 50%
A.niger Tiegh 100% 100% 90% 80%
A.ochraceus K.Wilh 30% 30% - -
A.ornatulus Samson&W.Gams - 20% - -
A.tamarii Kita - - - 40%
A.terrus Thom - 10% 50% 40%
Ve FrisvaGEisSer 20% : 10% 10%
Cheatomium sp. - - - 40%
Cladosporium gallicola Sutton 20% 30% - -
sepdoniu(r:r:](zgr\]/s.sér%srnons)Arx ) ) 10% 10%
Emericellanidulans(Eidam)Vuill - 10% 60% 30%
Fusarium sp. 20% - - 10%
Gymnoascus ressii Baranetzky - 10% - -
Melanocarpus sp. - - 20% -
Monillia sp. 30% 10% - 80%
Mucor sp. - 10% 20% 70%
P.citrinium Thom - - - 30%
Paecilomyce svariotii Bainier 20% 30% - 20%
Paecilomyces sp. - - - 10%
Rhizopus sp. - 70% 60% 70%
Sordaria fimicola(Roberg ex ) ) ) 60%
Desm.)Ces De Not
Stachybotrys atra Corda - - 30% 30%
Sterile mycelium(white) 10% 30% 40% 40%
Sterile mycelium(brown) - 10% - -
Trichoderma sp. - - 10% 10%
Yeast 30% - - 40%
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Table 4 shows the data for the % occurrence of fungi isolated from O2 layer on both media after
incubation at 40°C from both sites.

A total of 25 species distributed in 14 genera in addition to yeasts and non-sporulating mycelia
were isolated. Aspergillus was the most frequent genus and showed the highest diversity. The genus
was represented by 10 species among them A. niger, A. fumigatus, A. awamori, were the most
frequent species. Paecilomyces was represented by two species the rest genera were represented by
one species each.

A.candidus, A. ochraceus, A. terrus, C. sepedonium, E. nidulans, and Trichoderma sp, were
detected in Atrush site, whereas, A .flavus, Mucor plumbues, Paecilomyces sp., and Pestalotiopsis sp.,
were isolated from Zawita site.

The majority of species were found common to both O1 and O2 soil layers except for C.
gallicola, E. rugulosa, Melanocarpus sp, and Pestalotiopsis_sp. were detected in O2 soil layer.

Corynascus sepedonium, Melanocarpus sp, and Pestatiolopsis sp, were not detected at 25°c on both
media.

Similarity index (SI) for soil fungal community in O1 and O2 horizon layers at Atrush site was
higher (0.914) than that calculated for the two layers of O horizon (0.845) at zawita site.

The highest similarity index (0.929) was found between soil fungal communities from O1 layer at
Atrush site with O2 layer at Zawita site. The least (SI) was found between O1 layer at Zawita site and
02 layer at Atrush site (Table 5).

Table (4): % Occurrence of Fungi in Soil from O horizon Layer (02) Incubated at 40°C

ZAWITA ATRUSH
R T R T T R
A.awamori Nakaz 70% 60% - 40%
A.candidus Link - - 20% -
A.carbonerius (Bainier)Thom 30% - 20%
A.flavus Link - 40% - -
A .foetidus Thom&raper 30% 80% - 20%
A.fumigatus Fresen 80% 70% 60% 100%
A.niger Fresen 100% 100% 90% 100%
A.ochraceus K.Wilh. - - - 20%
A.terrus Thom - - 20% 30%
A.va_dian(_:es Sam_son,de 30% 30% 10% 10%
vries,frisvad&Visser
Absidia spinosa Lender 40% 40% 10% -
Corynascus ) ) 10% )
sepdonum(C.W.Emmons)Arx
ST - - -
Monillia sp. 90% 80% - 30%
Mucor sp. - 30% 20% 20%
Mucor plumbeus Bonordon 30 30% - -
P.camemberti Thom - - - 10%
P.citrinium Thom 30% 40% - 20%
Paecilomyces variotii Bainier 20% 50% - 60%
Paecilomyces sp. 40% - - -
Pestatiolopsis sp. 30% 30% - -
Rhizopus sp. 30% 30% 40% 50%
Sordaria fimicola (Roberg ) 70% ) 40%

exDesm)Ces De Not.
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Stachybotrys atra Corda 70% - 30% 30%
Sterile mycelium(white) 70% 40% -
Sterile mycelium(brown) 30% - 50%
Trichoderma sp. - 10% -
Yeast 40% 100% - 30%

Table (5): Similarity index (SI) between Soil Fungal Communities at Zawita and Atrush Sites

Sites Zawita Soil O1 Zawita Soil 02 Atrush Soil O1 Atrush Soil 02
Zawita SoilO1 -
Zawita Soil 02 0864 0 e
Atrush Soil O1 0.845 (0 1< J——
Atrush Soil 02 0.739 0.849 0914 e

Discussion

Among the Aspergillus, A. fumigatus, A.
niger, A. awamorri, A. foetidus were the major
species according to their frequency of
occurrence in both sites. A .fumigatus and A.
niger have been reported as the most frequent
isolates from soil of date palm plantation in Iraq
and among the most frequent isolates known
from the other soils in arid region (Moubasher
and Mustafa, 1970; Halwagy et al. 1982:
Abdullah et al., 1986; Abdullah and Zora, 1993
Abdullah et al., 2007). This is primarily related
to their high tolerance to both relatively high
temperature and drought conditions (Durell and
shields, 1960; Christensen, 1969). A. awamori
and A. foetidus have been recently reported
among the most common species inhabiting soil
(particularly vineyard soil) in Kurdistan region
(Abdullah and Abdullah, 2009; Abdullah and
Mohammed, 2011).

Five species of Penicillium found in our
study, P.citrinium was the most common one.
The fungus is cosmopolitan species which has
been frequently reported from a variety of
habitats (Domsch et al., 1980).

Only twenty eight species isolated from
plates incubated at 40°C . A. fumigatus, A .niger,
A. terreus, A. candidus, Emericella spp.,
Paecilomyces variotii and Thermomyces sp.,
were previously reported from lIrag as a
thermotolerant species (Abdullah and Al-Bader,

1990). According to Cooney and Emerson
(1964), definition of thermophilic and
thermotolerant fungi, the above reported species
are considered thermotolerant species, since they
grow at temperature with optimum between 30—
40 °C.

Emericella nidulans and E. rugulosa, two soil
borne ascomycetes were isolated in our study at
40 °C. The former species was previously
reported in several occasions from soil in
Southern Iraq and from sediments of Shatt-Al
Arab river and southern Marshes (Abdullah and
Zora, 1993; Abdullah and Abbas, 2008;
Abdullah et al.,, 2010). Moreover, the two
species have been recently reported from soil in
Kurdistan region of Iraq (Abdullah and
Abdullah, 2009).

The Ascomycete isolate which identified as
Melanocarpus detected at 40 °C is very close to
M. thermophilus which was reported by Guarro
et al., (1996) from soil at Nineva forest, North

Irag.
Sordaria fimicola is a common coprophilous
fungus. However, the fungus has been

repeatedly isolated from soil (Domsch et al.,
1980, Furuya and Naito, 1979; Abdullah et al.,
2010) and perhaps originated from disintegrated
dung pellets incorporated into soil.

Our results for fungal isolation from soil in
pine forest of Zawita and Atrush were compared
with those of studies carried out on date palm
plantation and forest soil in Irag. There were
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obvious differences among species composition
for genera with darkly pigmented mycelium as
well as for ascomycetes. Dematiaceous genera
reported previously from soil in Iraq (Al-Doory
et al., 1959; El-Dohlob and Al-Helfi, 1982;
Abdullah and Zora, 1993; Al — Bader et al.,
2000) showing a high species diversity were
Alternaria (5 species), Curvularia (3 species),
Drechslera (5 species), Ulocladium (4 species),
Stemphylum (3 species), whereas, Alternaria and
Ulocladium were each represented by one
species in the soil of pine forest. Other
dematiaceous were not detected during our
study. It has been suggested that fungi with
darkly pigmented mycelia are well adapted to
withstand intense higher radiation (Durell &
Shield, 1960; Ranzoni, 1968), hence, low
diversity level among dematiaceous taxa was
due to the fact that forest soil at Zawita and
Atrush is receiving low solar radiation because
of the density of pine trees.
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