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ABSTRACT

A qualitative and quantitative assessment was carried out to detect air-borne fungi at the largest vegetable
market of Khartoum  state central Sudan. During the study a total of 23 fungal species belonging to 4 groups
of fungi were trapped and identified. The highest occurrence and prevalence of fungi was contributed by
Aspergillus (three species), Penicillium (three species), Alternaria (three species), Rhizopus (one species),
Curvularia (two species) and Fusarium (two species). All of the reported species were new records to the area
and five are new records to the flora of Sudan.Deuteromycetes contributed highest percentage (83%) to the
total air-borne fungi, followed by scomycetes (66%), Zygomycetes (42%) and Basidiomycetes (10%) were the
least. Maximum fungal pollutants were found from June to August during the wet and rainy days and declined
in hot days April-May. High occurrence was found at mid day when human sales in the market were at the
peak. Pollen grains, algal fragments, trichomes, insect parts and scales, protozoan cysts are not concerned in
the present study.
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Introduction

The impact of aerobiology on other organisms includes infection, allergy and toxicosis in man, animals
and infection of plants (Ebner and Haselwandter, 1992). Fungi are one of the causative agents for different
diseases in animals, plants and human beings. The knowledge of health effects of indoor and outdoor fungal
contaminants is still restricted since appropriate methods for rapid and long-time monitoring of air-borne
microorganisms are not available (Andersen, 1958; Blom et al., 1984; Gorny et al., 2002; Burge, 1990).The
continuous monitoring of air-borne biological agents is consequently a necessity, as well for the detection of
risks for human health as for the smooth sequence of technological processes. A diverse research have been
conducted that concern, identify and recommends the presence of toxigenic fungi which requires urgent risk
management decisions (Gravesen, 1979; Saadabi and Al-Amin, 2010). Similarly, previous reports have
systematically evaluated the relationship between air-borne fungi and adverse health effects (Kozak et al., 1979;
Macher et al., 1991; Lacey, 1981). Moreover, critical assessment of the fungal types and their relative
frequencies in both indoor and outdoor air environment need to be known. Unfortunately, at the present time,
there is no government or industry standards that specify allowable or acceptable concentrations of indoor or
outdoor air-borne fungi. A very limited information on fungal types, prevalence and their threshold level of
health risk is currently found. In Sudan, there is no any documented information concerning indoor and outdoor
fungal population and their abundance in the different areas of the country. Therefore, the objective of the
present study was aimed at examining aeromycoflora and air-borne fungi as biopollutants at the largest
vegetable market of Khartoum  state central Sudan.

Materials and  methods

The study was conducted at the Department of Microbiology and Microbial Technology, Al-Neelain
University, Khartoum.
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Study Area:

Vegetable central market of Khartoum  state central Sudan is the largest one in the country. The market
is located 15 miles periphery south of Khartoum city centre. It is the most important area for vegetable
production and shopping food stuffs. All of the sellers bring their goods directly from agricultural-producing
regions and exhibited them for sale in an open spaces that exposed directly to the rainfall and climate hazards.
The neighboring area of the market is highly populated and surrounding the market that makes a possible
microbial drifts and contamination.

Sampling and Isolation of Aeromycoflora:

A survey was undertaken during January-December 2010 to determine the air-borne fungi at the largest
vegetable market of Khartoum  state central Sudan. The market was divided into four locations representing
North, South, East and West. At each location or site twenty petri dishes (10 cm diameter) containing Potato
Dextrose Agar (PDA) media were exposed in the atmosphere of the market area. The exposure time was 5-15
minute to the level of 1.5 meter from the ground. Three sampling times were performed at morning, midday
and afternoon. Temperature fluctuations, rainfall and humidity changes were also recorded .Sampling was also
done by direct exposure of sticky silicone-coated glass slides (Saadabi and Al-Amin, 2010). Upon the
completion of the exposure time, the exposed petri plates were placed in clean plastic bags and brought into
the laboratory in aseptic conditions. Petri plates were also kept in metal cans for incubation at room
temperature (25° C)for seven days. Then, fungal colonies were counted and correlated to fungal group
contribution. A small portion of mycelium from each fungal colony was transferred into PDA slants. Pure
cultures of isolates were grown on standard and few selective media, and identified using the fungal keys
provided by Domsch et al. (1980), Sinaga and Quimio (1987), Singh et al., (1991), Quimio and Hanlin (1999)
and Quimio (2001). The air-borne fungi isolated were deposited at the Department of Microbiology &
Microbial Technology, Al-Neelain University, Khartoum. The number of fungal colonies isolated and proportion
of the total number of species were determined. 

Data Analysis:

Data obtained were pooled and the means were used in analysis for significant differences using
appropriate statistical procedure (SAS Institute Inc., Cary, NC, U.S.A).

Results and discussion

The results given in Table 1 show that a total of twenty three species in fifteen genera were trapped,
isolated or recovered and identified. Most of the fungal genera isolated belonged to the class Hyphomycetes.
Three species were Zygomycetes, and one to the order Sphaeriales (Table 2). All these fungal species were
new records from the aeromycoflora of Sudan. According to their occurrence in the exposed petri plates
samples, Cunninghamela sp., Rhizopus sp. Aspergillus niger and Penicillium digitatum. are of high occurrence.
The two former  fungal genera were present in all of the samples and the other two were absent from two
samples only. Albugo sp., Alternaria alternata, Alternaria solani, Cladosporium cladosporioides, Aspergillus
fumigatus,Curvularia lunata and Pseudotorula sp. were of moderate occurrence. Ten genera were of low
occurrence, namely Absidia sp., Achlya sp., Alternaria radicina, Aspergillus aculeatus, Curvularia clavata,
Drechslera hawainsis,Fusarium moniliforme, Fusarium oxysporum, Nigrospora sp. Penicillium chrysogenum,
Penicillium lilacinum and Phytophthora sp. Significant variation in total number of fungal colonies and percent
abundance of fungal species was observed in air atmosphere obtained from various study sites of the market
(p<0.05). Sites in the centre of the market i.e. where human sales in the market at the peak showed the highest
isolated number of fungal colonies. The lowest number of fungal colonies was isolated from location   at the
periphery of the market.  Fungal activities and contamination increased during the day. In early morning when
the temperature is low the number of colonies increased progressively following the existence of the vegetables
until reached the peak level at the mid day with average number of 132 colonies. When near the sunset at
afternoon the number of colonies declined drastically with an average 92 colony counts (Table 3). The reason
behind this might be due to human activities, wind velocity above the contaminated surface at the end of
marketing  and suitable movements was scarce in the niche. This may activate the competitiveness between
aeromycoflora in market area. These findings are in close agreement with other investigations carried out
elsewhere using a simillar study area (Karuna and Porte, 2010; Solomon, 1975; Stetzenbach, 1998; Takahasi,
1997).
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Table 1: Relative abundance of air-borne fungi (biopollutants) at Vegetable Central Market of Khartoum State of Sudan.
Fungal species Abundance* Location
Absidia sp. + East
Achlya sp. + East
Albugo candida ++ North
Alternaria alternata ++ North
Alternaria radicina + North, East
Alternaria solani ++ West, East, South, North
Aspergillus aculeatus + East
Aspergillus fumigatus ++ South,West
Aspergillus niger +++ West, East, South, North
Cladosporium cladosporioides ++ North, East
Cunninghamela sp. +++ West, East, South, North
Curvularia clavata + East
Curvularia lunata ++ North, East
Drechslera hawainsis + North
Fusarium moniliforme + West, East, South, North
Fusarium oxysporum + West, East, South, North
Nigrospora sp. + North
Penicillium chrysogenum + West, East, South, North
Penicillium digitatum +++ West, East, South, North
Penicillium lilacinum + West, East, South, North
Phytophthora sp. + West, East, South, North
Pseudotorula sp. ++ West, East, South, North
Rhizopus sp. +++ West, East, South, North
* += Low occurrence (less than 20% of the total samples)
++= Moderate occurrence (20-50% of the total samples)
+++= High occurrence (more than 50% of the total samples) 

Table 2: Number of species representing different fungal groups at Vegetable Central Market of Khartoum State in Sudan.
Fungal group Number of species
Oomycetes 1
Zygomycetes 3
Hyphomycetes 4
Ascomycetes 7
Deuteromycetes 7
Basidiomycetes 1

Table 3: Total number of air-borne fungal colonies isolated from selected sites in Khartoum vegetable central market at three sampling
times*.

Sampling site Number of colony at three sampling dates No. fungal genera
---------------------------------------------------------------------------------------------------
Early morning Mid day After noon

North 20a 97a 80a 11
South 12b 62b 39b 14
West 27a 132c 92a 10
East 8b 42d 17c 15
Centre 5b 22e 10c 18
*Values are means of 5 replicates. Means followed by the same letter in columns are not significantly different (P< 0.05). 

From the present investigation, it was also observed that areas within Khartoum vegetable market are more
contaminated with plant pathogenic fungi. Infected plant material showed symptoms of leaf blight, leaf spots,
white rusts, soft rot, dry rot, powdery mildew and gray leaf and fruit rotting (Table4). The presence of these
infected materials in the market means more handling, more frequent exchange and dislocation transfer leading
to exposure in the air with more contamination to the healthy plants of the same species growing in the
adjacent areas (Tarr, 1963). 

Table 4: Frequency of plant pathogenic fungal species contaminating Vegetable Central Market of Khartoum State in Sudan.
species group Frequency* symptoms
Albugo candida Oomycetes ++ White rust
Alternaria solani Deuteromycetes +++ Leaf spots
Penicillium chrysogenum Ascomycetes +++ Gray fruit rot
Penicillium digitatum Ascomycetes +++ Gray fruit rot
Penicillium lilacinum Ascomycetes +++ Gray fruit rot
Phytophthora sp. Oomycetes ++ Leaf blight
Rhizopus sp. Zygomycetes ++ Black mold
*Frequency: += Low contamination 
++= Moderate contamination   
+++= High level contamination 
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Further studies are needed to correlate seasonal fluctuation of fungal communities and dispersal in area
with high population and the risk of contamination. Metrological parameters like temperature, relative humidity
and rainfall had profound effect on air-borne fungal species both qualitatively and quantitatively and should
be concerned.                      
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