Berhanu et al. BMC Microbiology ~ (2022) 22:159
https://doi.org/10.1186/512866-022-02572-4

BMC Microbiology

RESEARCH Open Access
®

Check for
updates

Isolation of nematophagous fungi from soil
samples collected from three different
agro-ecologies of Ethiopia

Maradona Berhanu'’, Hika Waktole?, Gezahegne Mamo? and Getachew Terefe?

Abstract

Background: Several species of nematophagous fungi exist in nature that can capture and kill nematodes as natural
predators of soil-dwelling worms. These are important in agriculture and animal husbandry as biological control
agents. The diversity of nematophagous fungi found from soil had not been studied in Ethiopia.

Objective: This study aimed to isolate Nematophagous Fungi from Soil Samples Collected From three Different
Agro-Ecologies of Ethiopia.

Methods: Cross-sectional study was conducted and samples were collected from three different agro-climatic zones
of Ethiopia; Debre-Berhan (highland), Bishoftu (mid-altitude), and Awash (lowland). Twenty-seven soil samples were
randomly taken from each of the three different agro-ecological climates (9 from each agro-ecological climatic zone).
For each study site, samples were collected from the soil of decomposed animal feces/dung, agricultural/farmlands,
and forest lands in triplicates.

Results: The present study disclosed that nematophagous fungi were widespread from the study area. A total of
33 species of nematophagous fungi belonging to four genera, Arthrobotryes, Paecilomyces, Monacrosporium, and
Harposporium were identified. Arthrobotrys were the most commonly isolated genera followed by Paecilomyces. The
six identified species were Arthrobotrys oligospora, Paecilomyces lilacinus, Arthrobotryes dactyloides, Monacosporum
eudermatum, Harposporium helicoides, and Monacosporum cionopagum.

Conclusion: This study indicated that Arthrobothryes oligospora was the most common species in Bishoftu and
Awash whereas. In Debre-Berhan, Paecilomyces lilacinus was the most prevalent species. Monacosporum cionapagum
was not isolated from dung soil and agricultural soil whereas Harposporium helicoides and Arthrobothryes dactyloides
were not found from dung and forest soil respectively.
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Background

Gastrointestinal nematodes in grazing animals pro-
duce significant productivity losses and are a worldwide
animal welfare issue. Repeated use of anthelmintics to
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control helminth infection frequently led to the develop-
ment of drug resistance [1]. Resistance to all classes of
broad-spectrum anthelmintics has already been reported
[2]. As time has passed problems of multi-resistance to
more than one class have occurred and the multi-resist-
ant nematode has become a major threat to the whole
small ruminant industry [3].

Due to the failure of anthelmintic drenches, many
scholars have been underway for the past 25 years to
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have alternatives to chemical control [4]. The demand
for the development of alternatives such as biological
control agents is expanding for both animal and plant
helminth pathogens [5]. The use of biological control
methods such as nematode-trapping fungi, diets high in
condensed tannins and other plant materials, as well as
other nutritional approaches have all been examined as
possible approaches to reduce the impact of nematode
parasites in domestic livestock [4].

Biological control is a method in which biological
agents can be used to reduce the population of para-
sites either on pasture or in the host and by so doing
minimize the frequency of anthelmintic usage [6]. One
example of biological control against gastrointestinal
nematodes is the use of some species of soil-derived fungi
(Nematophagous fungi). These fungi have the potential to
reduce nematode larval populations on pasture by using
these either as their main source of nutrients or as a sup-
plement to a saprophytic existence [7]. Natural feeders
of gastrointestinal nematodes, nematophagous fungus,
have received a lot of attention because of their potential
importance as biological control agents for nematodes
that parasitize plants, animals, and humans [8—10]. They
are micro-fungi that can capture, kill, and digest nema-
todes [11] and hence are natural predators of soil-dwell-
ing nematodes [12].

Based on their mechanism of action or killing process
Nematophagus fungus is grouped into four classes (endo-
parasitic fungi, nematode-trapping fungi, egg parasitizing
fungi, and toxin-producing fungi) [13-15]. Nematopha-
gous fungi have the potential to reduce pasture contami-
nation by reducing the numbers of larvae in and around
dung due to their ability to kill nematodes in the niches
occupied by juvenile (larval) stages of parasites [16]. They
are found in terrestrial and aquatic environments. How-
ever, they are mostly concentrated in the upper part of
the soil, in pastures, leaf litter, mangroves, and certain
shallow water bodies [17, 18]. Therefore, it can be rela-
tively easy to isolate nematophagous fungi, particularly
from soils and organic matter.

Despite the aforementioned advantages of Nematopha-
gus fungi and as far as available literature is concerned,
no study has ever attempted in Ethiopia to isolate and
characterize nematophagous fungi, which can be used
as potential biological agents against helminth para-
sites of livestock. Therefore, this study aimed to isolate
Nematophagous Fungi from Soil Samples Collected From
three Different Agro-Ecologies of Ethiopia.

Methods

Study area and period

Samples for this research work were collected from
three different agro-climatic zones of Ethiopia;
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Debre-Berhan (highland), Bishoftu (mid-altitude), and
Awash (lowland) (Fig. 1). Debre-Berhan is the city of
north Shewa zone of the Amhara region. It is about
120 km northeast of Addis Ababa with an altitude of
2,780 m above sea level. This is a mountainous area
dissected by rivers and streams. The average annual
rainfall in the region is 920 mm, while the average
monthly minimum and maximum ranges of air tem-
perature vary between 2.4 °C and 8.5 °C and 18 °C to
23.3 °C respectively. The average soil temperature at
5 cm depth is 13.6 °C. The second study area, Bishoftu,
is found around 44 km southeast of Addis Ababa and it
has an elevation of about 1,878 m above sea level (mid-
altitude). The area experiences a bimodal rainfall pat-
tern with a short rainy season from February to April
and the long rainy season from the middle of June to
the end of September. The remaining months are dry
periods. The area gets an annual average rainfall of
892 mm and the average annual temperature is 18.7 °C.
The third study site, Awash, is located in Administra-
tive Zone three of the Afar Region, above a gorge on
the Awash River, after which the town is named. Awash
Fentale District is a pastoral area in Afar National
Regional State found 225 km northeast of Addis Ababa.
The elevation of the area is between 736 and 801 m
above sea level, of which 90% are pastoralists and 10%
are agro-pastoralist areas. People in the region, there-
fore, depend mainly on livestock production for their
livelihood [19]. The lowlands are generally character-
ized by relatively high temperatures, drought, and frag-
ile arid and semiarid ecology [20].

Collection and storage of soil samples

Isolation of nematophagous fungi was conducted
from November 2019 to January 2020. To isolate the
nematophagous fungi, 27 soil samples were randomly
taken from each of the three different agro-ecological
climates (9 from each agro-ecological climatic zone).
For each study site, samples were collected from the
soil of decomposed animal feces/dung, agricultural/
farmlands, and forest lands in triplicates. The Geo-
graphic coordinates (location) and altitudes of the
sampling site were measured by a Graphical position-
ing System (GPS) (see Additional file 1). From each
site, approximately 250 g of soil sample was collected
from the surface to the depth of 5 cm by an auger. To
avoid cross-contamination, the auger was sterilized by
dipping it in ethanol between sampling points. These
sampled soils were collected in a closed sterile poly-
thene bag and labeled, properly stored in the icebox,
and brought to the laboratory, then processed within
the subsequent day of collection [21].
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Fig. 1 Map of a study area

Isolation of nematophagous fungi

All laboratory works were conducted in the Microbiology
laboratory located in the College of Veterinary Medicine
and Agriculture in Addis Ababa University.

Culturing

Isolation of the nematophagous fungi was done using
the soil sprinkle technique [22]. Using chlorampheni-
col-2% water agar (CHF-WA) medium, primary isola-
tion of nematophagous fungi was achieved. The prepared
agar was dispensed into 10 cm diameter Petri dishes.
The 2 g soil samples were distributed in the center of
Petri dishes containing the water—agar medium with
0.05% concentration of chloramphenicol. Then, 1 ml of
live Haemonchus contortus third-stage larvae (obtained
from Veterinary parasitological laboratory in College

of Veterinary Medicine in Addis Ababa University) was
added as bait, and the Petri dishes were incubated at
27 °C and monitored daily under a stereomicroscope for
10 days.

Sub-culturing

After 10 days of culturing, fragments of the culture
were transferred to Petri dishes containing Potato Dex-
trose Agar (PDA) medium with chloramphenicol until
pure fungal cultures were obtained [23]. Then a frag-
ment of agar was cut from the periphery of actively
growing culture using a sterile scalpel blade with a han-
dle. Then the fragment was transferred to new plates,
1 ml of resuspended Haemonchus contortus larvae was
added. Finally, we follow until the fungus forms a trap-
ping structure and conidia. The nematophagous fungus
was grown for two weeks in commercial PDA at 25 °C
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to detect conidia and morphology of trapping structure
of nematophagous fungi species [10]. The morphology
of the trapping device and conidia which were charac-
terized by BRIC (2014) was used to aid the identifica-
tion of nematophagous fungi. Actively growing cultures
in Petridis plates were then examined under both the
binocular dissecting microscope and the compound
microscope. Characteristics such as nodular develop-
ment, branching, and conidia were noted with this type
of examination. Conidium shape was then determined
by making temporary mounts in lactophenol-cotton
blue.

Staining

Lactophenol cotton blue is a stain that is used to
examine fungal elements following either a tape
preparation or a scraping. This stain contains phe-
nol that kills the organisms, lactic acid that preserves
fungal structures, and cotton blue that stains the chi-
tin found in the fungal cell walls. The microscopic
fungal morphology was used to identify nematopha-
gous fungi. Four-step activities were conducted to
accomplish such tasks. First, a drop of lactophe-
nol cotton blue solution was added on a clean slide
after that a small amount of fungal culture (mycelial
mat) was removed from the edge (young colonies)
by using one sterilized needle, and fungal culture
was prepared on the slide by using the second nee-
dle to tease out the fungal structures then the cov-
erslip was gently placed on the slide by lowering it
down and avoiding air bubbles, finally the identifica-
tion of nematophagous fungi species was conducted
based on the morphology of trapping structures and
conidia by high objective power of compound micro-
scope [24, 25]. Material requirements and proce-
dures for lactophenol cotton blue staining materials
are available (see Additional file 2). In the end, the
isolated fungi were identified at both the genus and
species level based on their morphological characters
and microscopic analysis.

Determination of soil moisture

To determine the moisture content of the soil sam-
ple, two aluminum foils were prepared and their
empty weight was taken. An aliquot of approxi-
mately 50 g of moist soil was placed into each alu-
minum foil and was reweighed. The soil was dried
overnight at 105 °C in the oven. After allowing the
dishes to cool, the soil sample within the dish was
weighed to know the weight of the dry soil. Then
the moisture content was calculated by the following
formula [26].
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(Weight of moist soil) — (weight of dry soil)

0, 7 —
% moisture content = Weight of drysol

Data analysis

Data on the presence or absence of the different types
and numbers of nematophagous fungi was entered into
Microsoft Office Excel 2007 software, and STATA 14
was used for descriptive analysis such as frequencies
and percentages. Chi-square test was used to determine
the presence of an association between soil sample type,
soil moisture, and agro-ecological climates, and P val-
ues <0.05 were considered as a significant association.

Results

Isolation of fungal species

In this study, a total of thirty-three nematophagous fun-
gal isolates of four genera and six fungal species were
obtained from three different soil samples (dung, forest,
and agricultural soil samples) taken from three differ-
ent agro-ecological zones (Debre-Berhan, Bishoftu, and
Awash) (Table 1).

The four genera identified in this study were Arthrobot-
rys, Paecilomyces, Monacrosporium, and Harposporium.
Arthrobotrys was the most widely isolated genera with
an occurrence of 51.5% followed by Paecilomyces with
an occurrence of 30.3%. Except for Harposporium which
was not isolated from lowland samples (Awash), all the
three genera prevail in all agro-ecologies. Arthrobotrys
were more prevalent in soil samples from Awash and
Bishoftu areas, which represent lowlands and mid-alti-
tudes respectively (Fig. 2).

Species of nematophagous fungi by agro-ecological zone
and sample type

Based on the morphological characterization of fungal
conidia, the six species of nematophagous fungus isolated
in this study were Arthrobotrys oligospora, A. dactyloides,
Paecilomyces lilacinus, Monacrosporium cionopagum, M.
eudermatum, and Harposporium helicoides. Arthrobot-
rys oligospora was the most commonly detected species
with an occurrence of 36.4% followed by Paecilomyces

Table 1 Distribution of isolated fungal Species from each
location with Soil samples

Location Dung soil Agri-soil Forest soil Total
Awash 5 3 3 11
Bishoftu 4 4 4 12
Debre-Berhan 4 3 3 10
Total 13 10 10 33
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Fig. 2 Occurrence of four genera of nematophagous fungi in three agro-ecologies
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lilacinus with 30.3%. The dominant species from the
lowland Awash and midland Bishoftu areas were A. oli-
gospora and P, lilacinus whereas, in Debre-Berhan (high-
land), P, lilacinus and A. dactyloides were more available
than others. A. oligosporawas is commonly found in dung
and forest soils in Awash and Bishoftu whereas P. lilaci-
nus was better isolated from dung soil of Awash and dung
and forest soils of the Debre-Berhan area. A. dactyloides
is abundant in agri-soil of the highland category (Fig. 3).

Association between soil moisture and isolated fungal
species

The moisture content of the soil samples ranged between
1% and 14.8% (2.2%-14.8% for dung soil, 1%-7.5% for
agri-soil, and 1%-5.9% for forest soil), dung soil being
at a higher frequency in the moisture content category
of > 7% (P=0.0001, Fig. 4).

On the other hand, 23 (69.7%) fungal species were
identified from soil samples that had moisture content
less than or equal to 7% whereas the remaining 30.3%
inhabited soils with moisture content above 7% (Fig. 5).

A. oligospora and P, lilacinus were common in both cat-
egories of soil moisture in general and in the lowland in
particular (Fig. 6). Despite these facts, there is no appre-
ciable effect of soil moisture on the occurrence of the dif-
ferent species of fungi (P> 0.05).

Discussion

Soil harbors a diverse range of fungi and many of them
are rivals of nematodes. At the same time, many econom-
ically important nematode parasites of livestock spend
much of their life cycle in soil, foliage, or dung. In these

environments, they are particularly vulnerable to a wide
range of soil-borne nematophagous fungi that kill nema-
todes after they have trapped them, or have been ingested
as spores [27].

Different study findings support our study (Table 2).
This study has demonstrated that nematophagous fungi
were widespread in occurrence and their diversity differs
from one agro-ecological climate zone to the other. This
is consistent with a study by Gray NF, which revealed
nematophagous fungi have an extensive worldwide distri-
bution, in all climates, and habitats [17]. It is also in line
with a previous study from China [28-30] that reported
the presence of nematophagous fungi in a wide range of
environments.

In this study, four major genera, Arthrobotrys, Pae-
cilomyces, Monacrosporium, and Harposporium were
isolated from the three agro-ecologies and three soil
sources. Studies from different countries support our
study findings [23, 31].

The study at hand revealed that Arthrobotrys oli-
gosporawas are the most dominant species of
nematophagous fungus. It had the characteristics of the
ability to form adhesive trapping nets when in contact
with nematodes. It was isolated from compost/decom-
posed dung soil, agricultural soil, and forest soil with an
overall frequency of 36.36%. This result may be indicat-
ing that Arthrobotryes oligospora were best adapted to
the biotic and abiotic conditions of many areas. Another
possible reason may be related to its high saprophytic
ability and the increased agricultural intensification
caused by soil disturbance and the addition of fertilizers.
Similar results have been reported in South Africa [32,
33], Kenya [34, 35], China [14, 36—38], and Oman [39].
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The greatest diversity of nematophagous fungi species
was recorded in midland (Bishoftu). This is maybe due to
suitable/optimum environmental conditions (tempera-
ture, rainfall, moisture, and light) and land morphology.
From low land (Awash), they are least diverse perhaps
due to their high temperature, drought, scarce rainfall,
fragile arid and semi-arid ecology, and minimum land

disturbance/ cultivation or far miming activity. In Debre
Berhan, the nematophagous species were more diverse
than lowland/Awash and less diverse than the midland
due to the conducive environmental condition [35].

This study also examined the relation of soil type and
soil moisture on the distribution of nematophagous
fungi. The interaction of soil type with nematophagous
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fungi species indicated that the highest percentage was from compost and the presence of nematodes that are
obtained from dung soil, which is known to be rich in  excreted with animal feces.

organic matter. This is maybe due to the presence of In this study, Arthrobotryes oligospora was the
macronutrients (Nitrogen, Phosphorus, and Potassium) most abundant in forest and dung soils, compared to
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agricultural soil suggesting an abundance of organic mat-
ter in such soils and the preference of these conidia form-
ing fungal species for such types of soils. As different
scholars revealed [38, 40], Nitrogen, Phosphorous, Potas-
sium, Iron and nematode density affect the distribution
of nematophagous fungal species.

The current study has demonstrated that the moisture
content of the soil sample had no significant difference
with the fungal species isolated. The dominant species,
Arthrobothrys oligospora was the most common in both
categories of soil moisture examined. Such characteris-
tics vary with species of the fungi [41], working on fun-
gal species Hirsutella Minnesotans have reported that the
species has a greater potential to multiply and control
pest nematodes in cooler, drier, and heavier soils.

Despite it being the first, this study is not without limi-
tations since we did not assess the molecular charac-
terization and the efficacy of the nematophagous fungi.
Therefore, further experimental studies should be con-
ducted on the identification, molecular characterization,
and efficacy of nematophagous fungi. Besides, optimum
growth conditions should be studied for mass cultur-
ing of nematophagous fungi to use for the commercial
purpose of biological controlling of nematode parasites.
Furthermore, when evaluating fungal prevalence at soil
moisture level, we did not take into account other envi-
ronmental parameters such as soil organic matter, car-
bon, and other nutrients.

Conclusion

The study has confirmed that nematophagous fungi
were widely distributed in the study agro-ecological
climatic zones but differ in their diversity. The in vitro
experimental study was conducted from PDA and WA
(2%) by using Haemonchus contortus as the bait. This
study isolates a total of 33 nematophagous species
which are grouped into four genera and six species.
The genera were Arthrobotrys, Paecilomyces, Mona-
crosporium, and Harposporium. On the other hand,
the species identified were Arthrobothryes oligospora,
Arthrobotrys dactyloides, Harposporium helicoides,
Monacrosporium cionopagum, Monacosporum euder-
matum, and Paecilomyces lilacinus. Among these, the
distribution of Arthrobothryes oligospora was the high-
est but Monacosporum cionopagum was the lowest. The
interaction of soil type with nematophagous fungi spe-
cies indicated the highest percentage was obtained from
dung soil. This study has demonstrated that the Arthro-
botrys oligospora was the most common in each cate-
gory of soil moisture examined. However, the moisture
content of the soil sample had no significant difference
with the fungal species isolated. Further experimental
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studies on the identification, molecular characteriza-
tion, and efficacy of nematophagous fungus are recom-
mended by the authors. Furthermore, optimal growth
conditions for mass culturing of nematophagous fungi
should be investigated to employ them commercially
for biological nematode parasite control.

Abbreviations

AR: Anthelmintic Resistance; AOL: Arthrobotrys oligospora Lectin; BCA: Biologi-
cal Control Agent; BW: Body Weight; CSA: Central Statistical Agency; CMA:
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