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Abstract 

The fungal air-spora of Kuwait was investigated using 
the Petri-dish trapping technique. During the period from 
1st April, 1974 to 30th June, 1975, a total of 3685 colonies 
were recorded from 2 ~ malt agar plates. Fifty-five genera 
and 116 species were identified. AIternaria occupied the 
first place in the order of percentage incidence, being 
represented by 18.3 ~o of the entire catch, followed by 
Asperyillus (17.1 ~o), Penicillium (14~o), Cladosporium 
(13.6~o), Drechslera (13.3~o), and UIocladium (7.1 ~o)- 
The widest spectrum of species was displayed by Aspergillus 
(possessed 19 species) followed by Penicillium (17 species), 
Alternaria (6 species), Drechslera (5 species), and Ulocla- 
dium (4 species). The monthly total number of fungi showed 
marked seasonal periodicity with the greatest number of 
colonies occurring in March-April and November. The 
lowest counts were recorded in mid-summer (July) and 
mid-winter (January). Only 220 colonies and 17 species of 
thermophilous fungi were reported from plates incubated 
at 45 ~ The most common species were Aspergillus 
fumigatus and A. terreus. 

Introduction 

The study of fungal air-spora is of great importance and 
interest in order to understand the dissemination, spread, 
and movement of the microbes, particularly the pathogenic 
ones, in the atmosphere. Since Kuwait is not an agricultural 
country, this study may help in finding out suitable means 
to control the various types of human diseases induced by 
fungal spores as they are well recognized as etiologic 
agents of several mycotic diseases, also asthma and allergies 
(5, 21, 22). 

The air fungal spora has been studied in several parts of 
the world including tropical, subtropical, and temperate 
zones. However, data from the Middle East area is very 

limited; in Egypt, Saad (24), Zaky (29) and Moustafa 
(16); in Israel, Ben-Meir (4), Barkai-Golan (1, 2), Barkai- 
Golan & Glazer (3). In Kuwait, very little is known about 
the quantitative and qualitative composition of the at- 
mospheric fungal population. The limited information 
obtained from a previous trial (9), calls for an extensive 
study of fungal air-spora in the atmosphere of Kuwait. 

The present study was designed mainly to survey and 
compare the fungal air-spora of Kuwait with that carried 
out in other parts of the world, especially those in sub- 
tropical regions, and to show the seasonal periodicity in the 
fungal population and its relation to changes in climatic 
conditions. 

Materials and methods 

The state of Kuwait occupies the northeastern part of the 
Arabian Peninsula and characterized by two distinct sea- 
sons, very hot, dry summers and cool to mild rainy winters 
(14). The country is composed of arid deserts with very 
sparse, wild vegetation and no agricultural plant cover. 
Summer months from May to September, inclusive, are 
practically dry, since no rain falls and the relative humidity 
is very low (ranging between 20 ~o and 30 %). The temper- 
ature during this season is always very high (exceeds 
35 ~ and maxima of 48 ~ and 50 ~ are frequently 
reported in June and July every year. 

In winter months, from mid-November to the end of 
February, the rain fall and relative humidity are generally 
high with their maxima 24.2 mm & 85 %) reported in 
January. The mean temperature ranges between 16 ~ and 
24 ~ and its minimum is reached usually in January. 

The wind blows from two main directions, the north- 
west and, to a lesser extent, the southeast. It frequently 
raises dust and sand, particularly in June and July, causing 
very strong sandstorms, locally known ast 'Toaz'. 

Spore-trapping by deposition using the exposed plate 
method was adopted. Sampling was made on the roof of the 
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Faculty of Science at Khalidiah, which is about 20 feet 
high. Preliminary tests showed that the best time for 
sampling was between 12-2 P.M. and an exposure time of 
10 minutes proved to be very suitable as it gave adequate 
colony counts. Malt extract agar was found to be the best 
medium. Two petri-dishes (9 cm diameter each) of 2% malt 
agar were exposed daily from the beginning of April 1974 
to the end of June 1975. Exposures were made daily except 
Fridays, holidays, and days of adverse weather (rainy or 
dusty). After sampling, one of the plates was incubated at 
25~ and the other at 45~ to investigate the thermophilous 
species in the air. In order to reduce the rapid and ex- 
cessive desiccation of the agar, open containers filled with 
distilled water were kept inside the incubator chamber to 
keep the relative humidity between 70 ~o and 75 %. 

Counts and identifications were made after 10 days 
incubation. Colonies of slow-growing fungi, and those 
which failed to sporulate on the original medium, were 
transferred to other media viz. Czapek's+yeast extract 
(0.5 ~o), potato dextrose or oat-meal agars. When spo- 
rulation of some forms was not induced on these media, 
they were classified as sterile forms. 

The climatological data was kindly supplied by the 
Weather Record Department atKuwait Airport. 

Results 

Counts and nature of fun#i isolated 
A total of 3685 colonies were recorded during the 360 days 
on which exposures were made, in the period from the 
beginning of April 1974 to the end of June 1975. It was 
possible to identify 55 genera and 116 species. Their total 
counts, percentage incidence and frequency of occurrence 
(expressed as number of isolations out of 15) are given in 
Table 1. 

The most common fungus isolated from the air was 
Alternaria, represented by 18.3 ~ of all colonies. Aspergil- 
lus was the second in order of incidence, constituting 
17.1 ~o, followed by Penieillium (14.0 ~o), Cladosporium 
(13.6 ~o), Dreehslera (13.3 ~o), Uloeladium (7.1 ~o), Phoma 
(4.3 ~o), Aureobasidium (3.4~o), Fusarium (1.4 ~o). and 
Paecilomyces (1.0 %). The remaining genera were of in- 
frequent occurrence and contributed less than 1.0 % of 
the total catch. 

Most of the fungi recorded were members of the Hy- 
phomycetes (88 species), the remainder were as follows: 
Zygomycetes 8, Ascomycetes 11, and 9 Ooelomycetes. The 
widest spectrum of species (Table 2), was displayed by the 

30 

Table I. Total counts, percentage incidence, and frequency 
of occurrence of the fungal genera recorded. 
(Frequencies are expressed as number of isolations out of 15) 

Genus total % isolations occurrence 
count incidence out of 15" 

Alternaria 
Aepergillus 
Penicillium 
Cladosporium 
Drechslera 
Ulocladium 
Phoma 
Aureobasidium 
Fuearium 
Paecilomyces 
Cephalosporium 
Rhizopue 
Myrothecium 
Fmbellieia 
Stemphylium 
Microdiplodia 
Pyrenochaeta 
Hendersonia 
Coniothyrium 
Sphaeronaema 
Scolecobasidium 
Pithomyces 
Tritirachium 
Periconia 
Camarosporium 
Botrytis 
Epicocown 
Abaidia 
Stachybotrys 
Mucor 
Scopulariopsis 
Chaetomium 
Neurospora 
Nigrospora 
Cunninghomella 
Pleospora 
Trichothecium 
Arthrinium 
Chrysosporium 
Bartallinia 
Pyrenophora 
Hyalocladium 
Phialophora 
Tilletiopsis 
Trichode~na 
Cephaliophora 
Circinella 
Choanephora 
Humico la 
Trichurus 
Graphium 
Sporotrichum 
Sepedonium 
Thielavia 
Syncephlastrum 

(6) 672 
(19) 630 
(17) 518 
(2) 500 
(5) 489 
(4) 261 
(4) 158 
(1) 127 
(2) 50 
(3) 38 
(1) 27 
(2) 21 
(2) 20 
(1) 16 
(1) 14 
(1) l0 
(1) 
(i) 
(1) 
(1) 
(2) 
(2) 
(1) 
(2) 
(i) 
(1) 
(1) 
( i) 
( i) 
(i) 
(2) 
(i 
(i 
(l 
(i 
(l 
(i 
(I 
(i 
(i 
(i 
(i 
(i 
(i 
(l 
(l 
(l 
(i 
(~ 
(i 
(i 
(i 
(i 
(i 
(i 

18.3 
17.1 
14.0 
13.6 
13.3 
7.1 
4.3 
3.4 
1.4 
1.0 
0.7 
0.6 
0.5 
0.4 
0.4 
0.3 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
O.l 
O.l 
0.I 
0.2 
0.2 
O.l 
O.l 
0.1 
O.l 
0.I 
O.l 
0.I 
O.l 
O.l 
O.l 
O.l 
O.l 
O.l 
O.l 
O.l 
O.l 
O.l 
O.l 
0.I 
O.l 
O.l 
O.I 
O.l 
0. I 
0.I 
O.l 

15 
15 
15 
15 
15 
15 
14 

Tota l  count : 3685 

* 15 is the number of sampling months 
- Figures between parentheses refer to the number of species 
Occurrence H = High occurrence; recorded I0-15 times 

M = Moderat E occurrence; 4-9 times 
L = Low occurrence; less than 4 times 

genus Asperyillus, being represented by 19 species. Peni- 
cillium came next in the range as it comprised 17 species, 
followed by Alternaria (6 spp.), Ulocladium (4 spp), Phoma 



Table 2. List Qf all species identiPied from air samples during the period 
April 1974 - June 1975+ (Percentages are calculated to the genus count.) 

Species % Species % 

Alternaria alternata 79-6 P. minutella 
A. chl~mydospora 14.4 P. glomerata 
A, tenuissima 2.8 
A. s t a t e  o f  P~eospora Fusariu~n concolor 

F, aa~minatum infectoria 1+2 
A. raphani 1.2 Paeci~omyces t~rricola 
A. phragmospora 0.5 P. variotii 

Aspergillus flavus 40.4 P. roseolus 
A. niger 22.7 Rhizopus arrhizus 
A. funligatus 16.B R. stolonifer 
A, terreus 7.6 
A, sydowii 2.1 Myroth~im verrucaria 
A. car~leus 1.6 M, roridum 
A. tuber 1.4 Pithomyces sacchari 

P. atro-olivaceum A, repens 1.3 
A. ~v~stelodo~i l.I Perlconia atPo-purpurea 
A. parasiticus I.I P. digitata 
A. candidus 1.0 Scopulariopsis candida 
A. tamarii 0.8 S. bervicaulls 
A, nidulans 0.6  
A, egyptiacus 0.5  Cephalospouium sp. 
A. versicoZor O+5 EmbelZisia eh~nydospora 
A. ustus 0+3 
A. rugulosus 0+2 Stemphylium botryosum 
A. fischeri wr spinosus 0.1 Microdiplodia sp. 
A. ochraceus 0.1 Pyrenochaeta acicola 

Hendersonia sp, 
Penicciliv~n thomii 39-9 CDniothyrium fuckelii 
P, varians [2.7 Scolecobasidi~n variabile 
P. notatum 8.9 Absidia sp. 
~, variable 8.7 Stachybotrys atra 
P. islandic~ 7.7 Go~arosporium aequivocum 
P. chrysogenum 4.9 Botrytis cinerea 
P. exaZ~c~ 3+3 Epicocx~m nigy~on 
P, cyclopium 3-I Mucor eircinelloides 
P. roqueforti 1.6 PZeospora pentomlera 
P. lilacinum 1.4 Trichothecium roseum 
P. corylophilum 0.8 Arthriniumphaeospermum 
P. brevicompaatum 0.6 Cephaliophora irregularis 
P. frequent~+s 0.6 Circinella urabe~Zata 
P, sp inu losum 0.4  
YI raistrickii 0.2 Choanephora cucurbitarum 
P, c~stosu~n 0.2 Hu~icola grisea 
P. ~Iticolor 0.2 Chrgsosporium tropicum 

Chaetomium rectophi~ium 
Cladosporiu~n c~adosporoides 77-6 Triehu~s spiraZis 
C. herbarum g2.4  Graphium sp .  

Drechslera howaiiensis 52.1 Sporotrlchum thermophilum 
D, spicifera 39.9 Neuro~pora tetrasperma 
D, sp, 2i 5 Phialophora sp. 
D. elle~ii 1-2 Ti~letiopsis lilacina 
O. rostrat~ 1.8 Sepedonium sp, 

Tric~oderma sp+ 
U~oc~adium bo~rytus 44.8 Nigrospora oryma+ 
U, atrum 39.1 Thielavia miarospora 
U. chartarum 12.6 Bartallinia robillardoides 
U, eonsortia~e 3.5 Sphaeronaema allahabadense 

Phoma fimeti 67.7 Cunninghamel~a echinuZata 
P. suadJe 15.2 Sync~phalastrum sp, 

Pyrenophora sp. 

9.5 
3.2 

82.5 
17.5 

50+0 
33.6 
16+4 

75.5 
z4.5 

68.4 
31.6 
75.6 
24.4 

85.6 
14.4 
6615 
3315 

* Percentages are reported in Table I, 

(4 spp.), and Paeeilomyces (3 spp.). The remaining genera 
were represented by mostly one species. 

According to the frequency of occurrence (expressed 
as number of isolations out of 15), the fungi encountered 
could be classified into three main groups. Group 1, 
included high occurrence fungi (recorded 10 to 15 times 
out of 15). This group consisted of eight dominant genera, 
namely: Alternaria, Aspergillus , Penicillium, Cladospo- 
rium, Drechslera, Ulocladium, Phoma and Aureobasidium. 
The first six genera were consistently recorded throughout 
the exposure period, whilst the last two were missed in one 
and two months respectively. The members of this group 
collectively accounted for 91.5 ~o of the entire catch, whilst 
the other three groups only made 8.5 ~ .  Group II, con- 

tained moderate occurrence fungi which were recorded 4 
to 9 times out of 15. It comprised 20 genera each of which 
accounted for less than 1 ~ of total colonies. In Group III, 
low occurrence fungi (isolated less than 4 times) are included. 
These fungi were irregularly or occasionally encountered. 
This last group is composed of 27 genera of which 14 were 
recorded only once, 5 twice and 9 three times. 

Alternaria 
The genus Alternaria, which occupied the first place of 
percentage incidence, was represented by six species (Table 
2), of which A. atternata was the most common, as it made 
79.5 ~o of the total genus catch, followed by A. chlamydo- 
spora (14.4 "/o), A. tenuissima (2.8 ~o), A. state of Pleospora 
infectoria (1.2 ~), A. raphani (1.2 ~) ,  and A. phragmospora 
(0.5 %). 

Aspergillus 
Although the genus Aspergillus possessed the widest spec- 
trum of species (19 spp.), it was found that only four were 
numerically dominant and very frequently isolated. These 
species were A. flavus, A. niger, A. fumigatus, and A. terreus. 
They collectively made 87.5 ~ of the genus count whilst 
the remaining 15 species constitute only 12.5 ~o. 

Penicillium 
Eighteen species of Penicillium were isolated of which only 
four species were highly frequent. These were: P. thomii, 
accounted for 39.9 ~ of the genus count, followed by 
P. varians (12.7 ~), P. notatum (8.9 %), P. variable (8.7 ~o), 
and P. islandicum (7.7 ~o). The minor part of the remaining 
species were of moderate occurrence whilst the majority 
were rare. 

Cladosporium 
Only two species of Cladosporium, namely C. cladosporoi- 
des and C. herbarum were encountered, with the first 
species more abundant, contributing 77.6 ~o of the genus, 
whilst the latter only made 22.4 ~o. 

Drechslera 
This was represented by five species, two of which, namely : 
D. hawaiiensis and D. spic(fera, were frequently isolated. 
They accounted for 52.1 ~o and 39.9 ~ ,  respectively, of the 
genus count. The other three species were less frequent. 

Ulocladium 
Four species of Ulocladium were encountered, but U. 
botrytis and U. atrum were by far the most common, and 
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made up 44.8 % and 39.1%, respectively, of the genus 
catch, followed by U. chartarum (12.6 %) and U. consortiale 
(3.5 %). 

Phoma 
Phoma was represented by 4 species, two of which, namely: 
P. fimeti and P. suaedee, were reported many times and 
together constituted the major part of the genus (82.9 %) 
whilst P. minutella and P. 9lomerata were rarely recorded. 

Seasonal periodicity 
The seasonal change in the total number of colonies and 
the important meteorological records are summerized in 
Fig. 1. The monthly total counts of all fungi showed a 
seasonal fluctuation pattern of two peaks and two troughs. 
The first peak occurred in March April and the second in 
October-November, whilst the two troughs occured in 
January (mid-winter), and July (mid-summer). 

The number of colonies decreased sharply twice a year 
in mid-summer, June-July when the higest temperature 
is always associated with the minimum relative humidity, 
and in mid-winter, January, when very low temperature is 
associated with maximum humidity. The monthly total 
count, increased again in late summer with the reduction 
of temperature and rise of relative humidity, to reach a 
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Fig. 1. Seasonal variation in total colonies in relation to 
changes in climatic conditions during the period April 
1974-June 1975. 
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maximum count during autumn (October-November) 
and Spring (March-April), when moderate temperatures 
are usually associated with moderate relative humidity. 
Most of Group 1 fungi, (high occurrence species), showed 
marked seasonal periodicities with their highest counts 
consistently reported in the period March-April (Fig. 2). 

Thermophilous fungi 
Only 220 colonies and 17 thermophilous species were 
isolated during the whole period of sampling (Table 3). 
Some of those species were well known thermophiles whilst 
others were reported as thermophilous species from the 
air for the first time, such as Chaetomium rectopilium, C. 

AIt*rn*rll A,p*,gmul 

~ M  J ] ~ ~ ~ N ~ ~ p  I A I 1 

pe.~cll lJ.m 

~ N J J A S O m ~ P W ~ J  

•ladosporium 

ar,rhsl,r* 

P h o m a  *.*,ob*lJd~.~ 

Fig. 2. Monthly variation in total isolates of dominant 
genera. 



Table 3. Counts, percentage incidence, and frequency of 
thermophilous species isolated from the air. 

Species Total % isolations 
count incidence out of 15 

Aspergillus fumigatus 80 36.4  12 
A. terreus 22 10.0 9 
A. niger 17 7 .7  9 
A. nidulans 15 6 .8  8 
Chaetomium virginicum 15 6 .8  6 
Absidia sp. 12 5.4 6 
Muaor sp.  9 4.1 5 
Asperffillus carneus 6 2.7 5 
A. flavipes 6 2 .7  5 
A. fieheri v a r .  svinosus 5 2 .2  4 
Chaetomium rectopilium 5 2 .2  4 
Thielavia microspora 4 1.8 4 
Paecilomyces variotii 4 1.8  4 
Aspergillus candidus 3 1.4 3 
Rhizopus arrhizus 2 0 .9  2 
A. canstelodcani I 0 .4  1 
Humicola grisea 1 0 .4  l 
Unknown sterile forms 13 6.0 

Total  c o u n t :  220 

viryinicum, Thielavia microspora, Paecilomyces variotii, 
A. dqsheri var spinosus, Aspergillus carneus, A. flavipes, 
A. candddus, and A. amstelodami. 

As expected A. fumioatus was by far the most common, 
being encountered 12 times and totally counted 80, ac- 
counting for 36.4 7o of the total catch. A. terreus and A. 
niger came next, both recorded 9 times and constituted 
l0 ~o and 7.7 ~o respectively of total thermophilous flora. 
The order of dominance (represented by frequency of oc- 
currence), of the remaining species was more or less parallel 
to their percentage incidence and number of isolations. 

The monthly total counts of the thermophilous fungi 
(Fig. 3), although extremely low, if compared with the 
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Fig. 3. Monthly changes in the total number of thermo- 
philous colonies isolated from the air during the sampling 
period. 

total counts of mesophiles, showed distinct seasonal varia- 
tion of two peaks, one in winter (during the period October- 
December), and the other in summer (during the period 
May-July). 

Discussion 

Although the exposed plact method employed in this in- 
vestigation had some limitations (13) it was of considerable 
help in getting reliable information on the number and 
nature of all viable spores and hyphal fragments, especially 
when the daily sample was taken under the same conditions 
(10). It has been extensively used in many studies on fungal 
air-spora carried out by many workers in different parts of 
the world, Saito (25), Cammack (6), Richards (23), Pawsey 
& Heath (20), Turner (26), Dransfield (10), Moustafa 
(16), Mishra (19), Upsher & Griffiths (27). 

The air-spora of Kuwait showed numerous similarities 
in both qualitative and quantitative composition to many 
comparable investigations in subtropical areas such as 
those of Kansas, U.S.A. (15), Egypt (16), Northern Nigeria 
(10), Israel (1, 3, 4) and Hong Kong (26). 

From the results, it was evident that most of the species 
of Group 1 fungi, which were highly frequent and numer- 
ically dominant in the air, are poorly represented in the 
desert soils of Kuwait (17, 18). On the contrary, members 
of Group II and III fungi, which although very common 
in the soil of Kuwait, form only a non-significant fraction 
of the fungal air-spora. This observation may give further 
support to the view that soil does not make any direct 
substantial contribution to the fungal spore content of the 
atmosphere (13). 

The species recorded during our present trial differed 
considerably from those obtained by Davies (9). The major 
differences were the order of dominance and the smaller 
number of genera and species isolated. 'lhese dlllerences 
may be attributed to the mode of sampling and identifica- 
tion. The sampling technique used by Davies was the 
trapping of spores on greased slides by Hirst volumetric 
spore trap in which identifications of fungal genera and 
species depend upon only spore morphology, which is 
considered a misleading character especially in unicellular 
spore producing forms. However, the observation on the 
maximum spore concentration in November was also 
reported by Davies. 

The monthly changes in spore counts could not be 
correlated with any particular environmental factor. The 
effects of rain-fall, relative humidity and wind velocity were 
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not clear when considered separately but the high temper- 
ature and wind direction appeared to have had a consider- 
able influence on the seasonal variation. The first factor 
probably affects the spore viability while the latter affects 
the spore concentration. 

Although the air-spora has been extensively surveyed, in 
several parts of the world, few investigations have been 
carried-out on the thermophilous fungi in the air (l 1). 
In our present study only seventeen species were encounter- 
ed, some of them have been recorded for the first time from 
the air. Those newly reported species were Aspergillus 
carneus, A. flavipes, A. fisheri var. spinosus, A. candidus, 
A. amstelodami, Chaetorniurn rectopilium, C. virginicum 
and Thielavia microspora. 

Most of the remaining species were isolated in earlier 
investigations from self-heating materials by Fergus (12), 
Chang & Hudson (7), Cooney & Emerson (8), or steamed 
soil (28). The monthly total counts of thermophilous 
species showed two maxima, one in winter months, Oc- 
tober-December, and the other in summer months, May- 
July. This observation of double maxima has already been 
reported by Evans (11). 

It has been pointed out in previous studies that the fungi 
in the atmosphere come primarily from surfaces of growing 
vegetation and other debris. This view was introduced by 
Gregory (13) and confirmed by Dransfield (10), Moustafa 
(16), Mishra (19). Those fungi are carried by air currents 
from several directions. Therefore, the characteristics of 
the fungal air-spora of a given area are governed by a 
number of factors, the most important of which are the 
density, type, and nature of plant cover as well as the pre- 
vailing climatic conditions. Since plant cover is almost 
absent in Kuwait, the composition of air-spora is deter- 
mined mainly by the changes in atmospheric factors and 
the geographic position of Kuwait in relation to the neigh- 
bouring countries. Because the state of Kuwait is typically 
arid with a relatively small area (18,000 krn2), it is, there- 
fore expected that most of the fungal air-spora is of exo- 
geneous origin, i.e. transported by air currents from the 
neighbouring countries, particularly the agricultural ones 
- Iran and Iraq - which are more temperate with more 
cereals and grasses. The high incidence of fungal spores 
reported twice a year, especially during March and No- 
vember, when the prevailing wind direction is North-west 
and South-east, may give some support to this view. 
Other conclusive evidence of spore transport comes from 
the observation by Davies (9) as he reported very high 
and consistent concentrations of Ustilago and other 
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basidiospores in the atmosphere of Kuwait, which normal- 
ly should not be present. 
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