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Abstract. Alkalophilic microbial contents of cultivated soils were greater than non-cultivated sites, with
higher values at altitudes than coastal plain. Aikalophilic bacteria and fungi existed at different mag-
nitudes in all soil samples tested, indicating their wide distribution. Higher fungal population was not
necessarily associated with higher counts of alkalophilic fungi. Circular colonies were highly represented
among alkalophilic bacteria; ellipticals, chromogenic and mucoid colonies were less common, while
actinomycetes were not encountered, Star-shaped bacterial colonies proved to be constituted totally of
true alkalophiles. Alkalophilic bacteria were mostly dominated by species of the genus Bacillus. Fusarium
was the highest fungus in frequency of occurrence followed by Acremonium and Aspergillus spp.

Introduction

Researchers all over the world are spending much labor and time to discover micro-
organisms with new abilities. Consideration of microorganisms which grow well in
alkaline media, alkalophilic microorganisms, has initiated a new aspect of microbiol-
ogy. They are widely distributed on the earth and they produce new products [1-5].
Most of the work conducted was directed towards systematic microbial and
physiological studies [6-9].

Khodair et al. [10] began a pioneering survey on the occurrence and density of
alkalophilic microorganisms in Saudi Arabian soils, Western region. The present
work deals with the occurrence and density of alkalophilic bacteria and fungi in virgin
and cultivated soils along Makkah-Al-Taif road, Saudi Arabia, as affected by some
prevailing ecological conditions. A further goal was to examine the relationship
between distribution of neutrophilic and alkalophilic soil microorganisms and to
determine whether estimation of one group could predict the frequency of the other.
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Materials and Methods

Four sites were chosen along Makkah-Al-Taif road (in the vicinity of 40° East of
the Principal Meridian and 22° N of the Equator). Two sites represent the western
coastal plain, while the others represent the Western altitudes of about 1.6 km above
sca level. Available information on weather conditions obtained from general direc-
torate of Meteorology (Ministry of Defense and Aviation) show that the coastal plain
district is characterized by a long dry annual period (annual rainfall, in 1984-1986,
ranging between 38.3 and 123.5 mm fallen in 8 to 10 days) and warm climate (38.6°
and 22.6° C for maximum and minimum average annual temperatures, respectively).
Western altitudes (sites near Al-Taif) are characterized by a relatively short dry
period (annual rainfall ranging between 87.5 and 285 mm in 18 to 41 days) and some-
what cold climate (28.8° & 15.9° C for maximum and minimum average annual tem-
peratures, respectively). Along Makkah-Al-Taif road, there are numerous man-
made locations of cultivated areas, which depend on rainfall and underground water
for irrigation. Therefore, two sites were chosen in each district for analysis, one site
harboring wild plants and the other representing the cultivated fields. In the coastal
plain district the first site (25 km from Makkah) represents soil holding wild plant
association dominated by Calotropis procera, while the second site (60 km from
Makkah) exemplifies soil cultivated with Vicia faba. Likely, the first site of altitudes
(100 km from Makkah) was covered with wild plant association dominated by shrubs
of Juniperus procera, and in the second site (110 km from Makkah) the soil was hold-
ing cultivated trees of Prunus armeniaca and Rosa abyssianica. The soil in all non-
cultivated sites was undisturbed.

Soil sampling

Soil samples were collected according to the technique described by Johnson et
al.[11, p. 178] at depth of 5-20 cm. Samples were taken at random from each site,
brought together into one composite sample which was mixed thoroughly and kept
in polyethylene bags.

Soil analysis _
Water contents, total water soluble salts, organic matter and pH values were
determined in replicate samples according to the techniques by Jackson [12, p. 498].

Microbiological analysis

Dilution plate method by Johnson ez al. [11, p. 178] was used for counting fungi
and both neutrophilic and alkalophilic bacteria. Four agar media were used for
counting soil microorganisms considered. For alkalophilic bacteria, the isolation
medium was that recommended by Horikoshi and Akiba [13, p. 9]. It consisted of
(g/1): glucose, 10; peptone, 5; yeast extract, 5; KH, PO,, 1; Mg 80,. 7H,0,0.2; Na,
COj;, 10 and agar, 15. Sodium carbonate solution was setrilized separately to give
after mixing with the remaining components a final pH of 10.0 - 10.5. This medium
is symbolized in Tables by (HA).
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For counting neutrophilic bacteria, the previously mentioned medium (HA) but
modified by substituting 0.5g of NaCl for Na, CO, and symbolized by (MHA) was
used. The final pH of this medium was 7.

For fungi, alkaline Sabouraud’s agar medium previously recommended by
Khodair et al.[10] was used for isolation and counting. It is composed of (g/1): glu-
cose, 40; peptone, 10; agar, 20. Separately sterilized Na, CO, was added to a final
concentration of 1% together with chloramphenicol (50 mg/l medium) to supress
bacterial contamination. The final pH of this medium ranged from 10.0 - 10.5. Total
soil fungi were counted on Sabouraud’s agar medium supplemented with chloram-
phenicol but devoid of sodium carbonate (final pH 6).

For both neutrophilic and alkalophilic bacteria, incubation of counting plates
(triplicate / treatment) was made at 30 £ 1° Cfor 3 days. Numbers of morphologically
distinct bacterial colonies were considered. After counting, all alkalophilic bacterial
colonies developed were picked for identification and pure cultured on the same
alkaline medium (H A).

For counting total and alkalophilic fungi, incubation of plates (triplicate / treat-
ment} was at 25 + 1° C for 5 to 7 days. After counting, pure cultures of the developed
colonies were prepared and identified to the genus level by microscopic examination
and use of approved keys [14, p. 859; 15, p. 290; 16, p. 241; 17, p. 237; 18, p. 364; 19,
p. 686; 20, p. 876].

Characteristics of Alkalophilic Bacterial Isolates

It is very difficult to identify and classify all alkalophilic bacterial isolates
obtained from counting plates. Therefore, grouping of these isolates according to
cell shape, endosporogenesis and Gram stain was carried out according to the
technique previously described by Khodair et al. [21] Gram and spore stains were
performed on 24 and 72 hrs cultures, respectively.

The pH range of alkalophilic bacterial growth was determined using the follow-
ing butfers: Na H, PO, - NaOH (pHs 7 and 8.2} and Na, CO, - Na HCO, (pHs 9 and
10). The buffers were separately sterilized before addition in suitable aliquots to HA
agar medium devoid of Na, CO;. The carbonate buffer was sterilized by membrane
filtration. The final buffer concentration did not exceed 0.2 M. The inoculated plates
(triplicate / treatment) were incubated at 30 £ 1° C for 48 hrs, after which the growth
was visually detected.

Amylolytic activities of alkalophilic bacterial isolates were also determined
qualitatively using starch instead of glucose in HA medium. This medium was buf-
fered to pH 9 which was suitable for development of all alkalophilic bacterial iso-
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Table 1. Soil properties of samples collected from different sites along Makkah-Al-Taif road

District Site* Water Total water Organic pH

no. content soluble salts matter

0/0 OA) O/o
Coastal I 3.03 0.14 1.19 8.7
plain I 12.48 0.41 1.37 0.2
11.7 1.36 1.46 8.4
Altitudes - 6

v 19.32 1.58 1.62 8.6

*Sites I and ITT = non-cultivated (natural); sites I and IV = cultivated

Table 2. Counts of neutrophilic and alkalophilic bacteria ( X 105 per g dry soil) inhabiting soil samples col-
lected from different sites along Makkah—Al-Taif road

District Site no.* Neutrophiles** Alkalophiles***
{counts) Counts % of neutrophiles
Coastal I 8.03 0.03 4.1
plain 11 13.8 0.86 6.2
. I 7.9 0.43 5.5
Altitudes
v 9.2 1.19 12.9

*Sites I and III = non-cultivated (natural); sites II and TV = cultivated
**Neutrophiles represent bacterial colonies developed on modified neutral HA medium (MHA)
***Alkalophiles represent bacterial colonies developed on alkaline-buffered HA medium

Table 3. Counts of alkalophilic fungi (x 10 per g dry soil) in soil samples collected from different sites
along Makkah—Al-Taif road

District Site* Total connt** Alkalophilic Percentage of
count** total count
%
Coastal I 0.28 0.14 49.82
plain I 1.06 0.28 26.04
II1 0.99 .29 29.12
Altitudes 0
v 9.04 2.79 30.83

*Sites I and III = non-cultivated {natural); sites T and IV = cultivated
**Fungal colonies developed on Sabouraud’s agar medium devoid of Na, CO; (pH 6)
***Fungal colonies developed on Sabouraud’s agar medium supplemented with Na, CO, (pH 10.0-10.5)
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lates. Zone of hydrolysis was noticed following addition of iodine solution after 48 -
hrs incubation at 30 + 1°C.

Statistical Analysis

The data of Tables 1,2 and 3 were statistically treated according to Bishop [22,p.
232).

Results and Discussion

Soil analysis (Table 1) demonstrated clear differences in the edaphic variables
between sites holding wild vegetation (I and III) and cultivated ones (II and IV)
when compared at each district. Total water soluble salts were found to be slightly
higher in cultivated soils (0.41% & 1.58%) than in soils harboring wild plants (0.14%
& 1.36%). Such increase may be due to repeated irrigation with relatively saline
underground water. Cultivated soils were also found to contain more organic matter
than those covered with relatively sparce wild plants. In the former sites, soils are
expected to receive more plant remains. Low moisture content (3%) was observed
only in soil sample of site I. The soil moisture content of other samples ranged from
11.76% to 19.32%. All tested soils were alkaline but the pH values, in each district,
were higher in cultivated than in non-cultivated soils. This may be due to salts
orginating from irrigation water, especially sodium salts.

Regarding non-alkalophilic microflora (Tables 2 and 3), high numbers of bac-
teria (ranging between 7.90 and 13.75 x 16%/g soil} and evidently low numbers of fungi
{(0.28 to 9.04 x 10°/g soil) were found. Higher counts of alkalophilic bacteria than
alkalophilic fungi per 1 g soil were also observed (Tables 2 and 3).

On statistical bases, correlation relationships revealed positive trends between
both alkalophilic and neutrophilic bacteria and all soil factors (pH, organic matter,
soluble salts and water content) except for water soluble salts in case of neutrophilic
bacteria (Fig. 1). Likely, positive correlations, but at different levels, between both
alkalophilic fungi as well as total fungal counts and all soil factors were also evident
(Fig. 2). '

In terms of count numbers, and in the coastal plain for example, the cultivated
site (II) held higher counts of non-alkalophilic bacteria and fungi than that of natural
non-cultivated site (I) (13.75 x 10° and 8.03 x 106 for bacteria and 1.06 x 105 and 0.28
x 105 for fungi, respectively). Maximum value of soil water content (12.5%) was
reached in site II (cultivated) compared with 3.03% in site I (natural). Similarly, the
cultivated soil from the altitudes (site I'V) possessed a water content of 19.3% com-
pared with 11.8% in the natural soil of the same district (site IIT). Likely, the organic
matter content in either site Il or IV (cultivated) was slightly higher than that prevail-
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ing in either site I or ITT (natural), respectively. A similar correlation picture can be
reached in soil samples collected from altitudes. A major factor represented in the
cultivated soil, is the densely-rooted system of the growing plants where most of the
soil may effectively be rhizosphere, while in non-cultivated soils, the wild plants are
more widely spaced and the density of roots may be too low to affect most of the soil.
Stimulative rhizosphere effects in western region of Saudi Arabia were previously
investigated by Khodair et al. [21; 23].

The rhizosphere effect on neutrophilic bacteria was more prominent in coastal
plain (site II) than in altitudes {site IV), contrary to the response of fungi. Differ-
ences in responses may be due to the plants developed and climatic factors; site II,
hoding shallow-rooted plants (Vicia faba), while site IV harboring deeply rooted
trees ( Prunus armeniaca and Rosa abyssianica). Moreover, the former site is charac-
terized by relatively warm climate, while the latter is relatively cold and hence more
suitable for fungal development. In agreement with these findings, previous inves-
tigators showed that root exudates and their stimulative effects vary with plant
species [23], stages of plant growth [21], climatic factors as light intensity and temper-
ature [24; 25} and by soil moisture [26].

Alkalophilic bacteria and fungi existed in all soil samples tested (Tables 2 and 3).
Extensive surveys on distribution of heterotrophic bacteria in soils of Western region
of Saudi Arabia as well as fungi were previously carried out using neutral media for
the former and acidified media for the latter [27;28]. The incidence of alkalophilic
microorganisms reached in the present study can be attributed to the use of carbo-
nate-buffered alkaline media (pH 10.0 - 10.5). Alkalophilic microbial contents of
cultivated soils (sites II and IV) appeared relatively more than non-cultivated sites,
still with higher values at altitudes than sites of the coastal plain. Therefore, it is
apparent that both biotic as well as edaphic variables significantly affect the distribu-
tion of alkalophiles as was observed with non-alkalophiles. If this observation exists
in other habitats, it may be concluded that enumeration of non-alkalophilic bacteria
could predict the frequency of alkalophiles, a proposal which needs further investiga-
tions.

The recorded numbers of alkalophilic bacteria ranged between 4 and 13% of
neutrophilic counts (Table 2). In accordance with these findings, Horikoshi and
Akiba [13, p. 10] stated that alkalophilic bacteria, actinomycetes, fungi and yeasts
are widely distributed and the number of alkalophilic bacteria found in soil was about
10% to 1% of that of neutrophilic bacteria.

Alkalophilic fungi accounted for 49.82, 26.04, 29.12 and 30.83% of total fungal
counts in soil samples from sites I, II, III and IV, respectively (Table 3). Such con-
stitution percentages appeared independent of the magnitude of total fungal counts
at any of the sites studied. In other words, a higher fungal population (site IV) was
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not necessarily associated with a higher percentage of alkalophilic fungi (30.83%),
compared with the lowest fungal density (site I) which comprised the highest percen-
tage of alkalophilic fungi (49.82%). Such observation most probably indicates that
other factors (physical or chemical) than fungal density, are responsible for increas-
ing or decreasing the counts of alkalophilic fungi in soil. This interpretation might
also lead to the suggestion that alkalophily, in fungi, is most probably facultative
rather than obligate.

It was concluded by Campbell [29] that cultural studies of soil microorganisms
may be more valuable if bacterial diversity is considered. Such diversity may give an
idea of differences in community structure. Therefore, colony characters, cell mor-
phology and staining were taken into consideration in the present study. Comparison
between percentages of morphologically distinct colonies (Table 4) developed on
HA medium (alkalophiles) and MHA medium (neutrophiles) revealed the follow-
ing:

Table 4. Percentages of morphologically distinct bacterial colonies appearing on counting plates

*Site Medium Circulars Puncti- Ellipticals  Star- Mucila Chromo-  Actino
no. forms shaped genous genic mycetes
I HA 45 29 7 15 4 0 0
MHA 15 74 7 0 1 3 0
1 HA 31 54 5 5 4 1 0
MHA 6.2 13.4 2.2 0 78.2 0 0
1 HA 38 6 15 22 14 0 ¢ .
MHA 39 57 3 0 i 0 0
W HA 32.7 4.7 5.6 2.8 2.2 15.9 ]
MHA 11.‘2 28.5 10.8 0 49.1 0.4 0

"Sites I and 11T = non-cultivated (natural); sites IT and IV = cultivated

1. Circulars were more abundant among alkalophiles than neutrophiles in sites
L, IT and IV, Punctiforms behaved similarly in sites II and IV, but were more abun-
dant among neutrophiles in sites I and III.

2. Ellipticals, chromogenic and mucoid colonies (except ncutrophiles of sites I
and IV) were poorly represented, while actinomycetes were not encountered.

3. Star-shaped bacterial colonies were only recorded on the alkaline medium
(HA) with values ranging between 2.8 and 22.0% . This may indicate that star-shaped
bacterial colonies were obligate alkalophiles since they were unable to develop on a
neutral medium,
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The above findings could be clarified by investigating cell morphology and stain-
ing of alkalophiles developed on HA medium. Table 5 shows that alkalophiles were
mostly dominated by species of the genus Baciflus (Gram positive, spore-forming,
aerobic and / or facultative anaerobic rods). The dominance of spore-forming
alkalophilic bacteria may indicate that alkalophilic bacteria are permanently rep-
resented in soils even under extreme conditions, Pseudomonads (unidentified Gram
negative, non-spore-formers, aerobic short rods), the genus Micrococcus (Gram
positive, too small in size) and Gram positive asporogenous aerobic rods were also
isolated from all tested soil samples but at relatively moderate frequency. In densely
plant rooted soils (sites II and IV), Gram positive asporogenous rods and small sized
micrococci were abundant, with a concomitant drop in the genus Bacillus. This indi-
cates that bacterial identities gave more precise evidences for the effects of rhizos-
phere as compared to results of total counts.

Species belonging to 16 genera of soil-inhabiting fungi in addition to Mycelia
sterilia were developed on alkaline (pH 10.0 - 10.5) counting plates (Table 6). The
isolates include filamentous and yeast fungi. Thirteen genera of the recorded fungi
were recovered from the cultivated site at altitude (IV), where the highest numbers
of alkalophilic fungi were observed (Table 3). In contrary, the expected rhizosphere
effect in the coastal plain (site IT) was reflected by increased fungal colonies of only
Fusarium and Acremonium spp. which developed on counting plates. Although,
densities of Fusarium spp. greatly increased in the cultivated site of the coastal plain,
they decreased in the respective site at altitude (II and IV, respectively). This may
indicate the selective stimulative rhizosphere effect exerted by different plant
species.

Among all alkalophilic fungi, Fusarium was the only genus of high frequency of
occurrence, being isolated from all sites examined. Moderate frequency of occurr-
ence of fungal species developed on alkaline medium (10.0 - 10.5) was represented
by Aspergillus, Geotrichum, Trichophyton and Acremonium, being recovered from
only two sites out of four. The remaining 11 genera plus Mycelia sterilia were of low
occurrence (one case of isolation). According to their relative densities they can be
arranged descendingly as, Scopulariopsis, Paecilomyces, Sepedonium, Monilia,
Humicola, Cunninghamella, Penicillium, Dactylaria, Aureobasidium, Beauveria,
Oidiodendron and Mycelia sterilia. Whether high and moderate frequencies of
occurrence of fungi originally inhabiting alkaline soils and isolated on alkaline media
are indicative of their level of alkalophily, is a relation which needs further studies.

Regarding the effect of initial pH of the medium on the growth of bacterial iso-
lates (Table 5), results show that they can be differentiated into 2 groups. The first
group grew only on highly alkaline media (pH 9.0 & 10.0), thus defined as obligate
alkalophiles [13;29]. The second group could grow on neutral and slightly alkaline
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Table 5. Total percentages of bacterial genera and groups appearing on alkaline HA medium, in addition
to percentages of their obligate alkalophilic isolates

Bacillus spp. Pseudomonads Gr + ve Gr +ve
Site Asporogenous rods Micrococcus
no.
Total Obligate Total Total Obligate Total Obligate
isolates isolates isolates
1 45.4 10 2.7 18.2 .0 13.6 0
1 28.9 45.4 23.7 28.9 0 18.4 0
HI 23.6 61.9 27.3 6.1 50 3 0
v 10.7 33.3 14.3 28.6 0 46.4 15.4

*Sites I and II1 = non-cultivated {natural); sites 1l and 1V = cultivated

Table 6. Genus range, relative density (as % of total count at each site) and frequency of occurrence of
alkalophilic fungi in seil samples collected from different sites along Makkah-Al-Taif road

Genus *Relative densities at sites No.ofcases  **Frequency
of of
isolation occurrence
I 1 III v
Fusarium 9.52 78.08 57.14 4.05 4 H
Aspergillus 52.38 - - i2.16 2 M
Geotrichum 2.38 - - 6.76 2 M
Trichophyton 7.14 - 42.86 - 2 M
Acremonium - 21.92 - 1.35 2 M
Scopulariopsis - - - 25.68 1 L
Paccilomyces - - - 13.51 1 L
Sepedonium - - - 12.16 1 L
Monilia 9.52 - - - 1 L
Humicala - - - 811 1 L
Cunninghamella - - - 6.76 1 L
Dactylaria - - - 4.05 1 L
Fenicillium 4.76 - - | L
Aureobasidium - - - 2.7 1 L
Beauveria - - - 1.35 1 L
Oidiodendron - - - 1.35 1 L
Sterile mycelium 14.29 - - - | L

*Sites I and HI = non-cultivated {natural}; sites IT and I'V = cultivated
**Occurrence remarks: H = High (3-4 cases); M = Medium (2 cases); L = Low (1 casc)
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media (pH 7.0 and 8.2) and most of them showed relatively poor growth at pH 9, but
all of them could not grow on highly alkaline medium (pH 10.0), thus distinguished
as alkaline tolerant [29] or facultative alkalophiles [30]. The obligate alkalophiles, in
the present study, were indexed by the genus Bacillus inhabiting all tested sites,
Gram positive asporogenous rods in site III and the genus Micrococcus in site IV.
Therefore, it can be concluded that alkalophilic bacteria inhabiting the tested soil
samples are dominated by facultative alkalophiles. Obligate alkalophilic bacteria
will survive only at high soil pH values in specific microhabitats where they can
flourish at such high pH as 10.0 or more. Conversely, facultative alkalophiles have a
wide tolerance to pH variations and thus may be expected to represent a permanent
part of soil populations. Previously described facultative and obligate alkalophilic
bacteria include species of the genera Bacillus [31], Micrococcus [6], Pseudomonas
[32], Closteridium and Flavobacterium [33], Arthrobacter [34] and Corynform bac-
teria [35].

The amylolytic activity of alkalophilic isolates of the present study was investi-
gated (untabulted data). All members of the genus Bacillus and low proportion of
the Gram positive asporogenous rods (about 20% ) produced amylase(s). Therefore,
alkalophilic microorganisms can be included in the definition of active soil microor-
ganisms.

Studies in microbial ecology, such as the present one, is a necessary step towards
better understanding of the behavior, growth, density and distribution of
alkalophiles as affected by different ecological factors in their natural habitats, the
soil, especially in arid lands (Saudi Arabia). Successful isolations, no doubt, will lead
to the discovery of microorganisms with new abilities (DNA). New novel products,
enzymes, antibiotics and others have been found and others will be discovered in the
future. Therefore, the importance of the “alkaline world™ lies in the fact that it can
be used as a new DNA source for genetic engineering.

Acknowledgement. Sincere thanks are due to Prof. Dr. Stephen E. Williams, College
of Agriculture, University of Wyoming for his valuable criticism and suggestions.
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