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Abstract: A variety of microbes can inhabit in extreme conditions. Extreme is a relative term which is viewed compared to 

what is normal for human beings. These microorganisms are known as oligotrophs. This work aimed to benefit from such 

organisms isolated from poor soils prevailing in fayoum Governorate. A survey of these organisms (specially) olignitrotrophs 

and oligocarbotrophs) was made on different soil samples. One hundred and twelve isolates were obtained from eight different 

soil sites. Ninety eight were obtained from NB/1000 (NB= nutrient broth) and fourteen from NB/10000 dilution. Fixed counts of 

the different isolates, when inoculated in NB medium with its different dilutions, were almost of constant counts for 30 days 

incubation at 30°C proved to be facultative not obligate oligotrophs. Eleven isolates produce IAA in amounts averaged 15 µg/ml 

and the rest were below 15 µg/ml. Five isolates only were capable to produce salyselic acids (S.A.) in appreciable amounts (> 

100 µg/ml) and the rest was below 100 µg/ml. fifty four isolates solubilized zink (> 10 mm clear zone), and the rest was below 5 

mm halo zone. Nine isolates solubilize phosphate (10mm clear zone) and the rest was below 5mm diameter. Fourty-seven 

isolates were able to fix nitrogen (olignitrotrophic) in medium deprived completely of N-source. Seventeen isolates were G
-
 and 

the rest was G
+
. All isolates were oxidase and catalase positive but cannot ferment lactose. Most isolates were motile (95.5%), 

spore formers (76.6%) and all were short or long rods. Cellulase enzyme produced by seventeen and chitinase by five isolates 

only. All isolates examined were facultative oligotrophs as they grew on silica gel NB medium deprived of any source of carbon 

as well as on complete NB medium. 
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1. Introduction 

Moderate environments are important to sustain normal 

microbial life. Moderate means environments with pH near 

neutral, temperature around 28-30°C, appropriate amounts of 

carbon, nitrogen and other nutrients, available water, 

aeriation … etc. Any environmental conditions that can be 

perceived as beyond the normal acceptable range, is an 

extreme conditions. Soils is a heterogeneous medium of solids, 

liquids, organic and gaseous phases varying in its proportions. 

Therefore, a large number of microorganisms live and survive 

with difficulty in soil because of the non availability and low 

rate of nutrients supply. It may be advantageous for soil 

microorganisms to have capability of growing in low nutrients 

condition. Microorganisms possessing this capability are 

called "oligotrophic" [1-4]. Most soils can be regarded as 

being oligotrophs because they are generally considered to 

contain insufficient carbon to allow the continuous growth of 

microorganisms. The paucity of biologically available 

nutrients in soil imposes constraints on microorganisms 

growth and productivity of higher trophic levels [5]. A variety 

of microbes however, survive and grow in such environments, 

and are known as extremophiles, not only tolerate specific 

extreme conditions, but usually require these for survival and 

growth ([6-9]. Many of these bacteria can be defined as 

obligate oligotrophs because they are unable to grow in carbon 



7 Sayed Abdelaziz et al.:  Prevalence and Characterization of Putative Oligotrophic  

Bacteria in Fayoum Soils, Egypt 

rich medium [4]. A number of putative oligotrophic bacteria 

believed to be able to obtain atmospheric nitrogen wheather 

via N2-ase enzyme or by scavenging it from the surrounding 

[10-12]. 

Conseqantly, the intended objective of the present work is 

to study the possible prevalence of the oligotrophic bacteria in 

various soils of Fayoum governorate, enumeration of their 

counts, isolation of some individuals and studying some of 

their characters and activities (phosphate and zink 

solubilization, N2-fixation, catalase and peroxidase enzyme 

activities, siderophores, salysilic acid and IAA production. In 

addition to determine some morphological characters of these 

isolates. The capability, of such isolates in controlling some 

plant pathogenic fungi (in vitro) was also determined. The 

resistibility of these isolates to some adverse conditions 

prevailing in our conditions (pH, temp. and salt content) were 

also included. 

2. Materials and Methods 

2.1. Survey of the Putative Oligotrophic Bacteria in Fayoum 

Soils 

A preliminary survey for facultative and/or obligate 

oligotrophic bacteria in fayoum soils was undertaken using 

nutrient and diluted nutrient broth medium (NB and DNB 

media). The full strength of conventional nutrient broth 

medium contained 1% (w/v) each of beef extract (Difco) and 

trypticase peptone, 0.5% (w/v) NaCl in deionized water was 

used. In all steps of work, the NB and DNB media were 

sterilized at 121°C for 20 minutes and the pH was adjusted to 

7.2. The dilutions used were from 10
-1

 to 10
-6

, one ml aliquots 

of soils suspensions from each dilution was placed and spread 

in Petri dishes containing nutrient agar medium. The original 

medium (NB) was provided with 2% agar (Difco) for isolation 

and enumeration of bacteria. The diluted NB i.e NB/10, 

NB/100, NB/1000 and NB/10000 were incubated at 30°C for 

ten days and C.F.U. were daily determined. It is of interest to 

mention that when high grade agar is not available 

(Noble…etc), repeat washing of low grade one can be used 

successfully. Different isolates were also selected from 

previously mentioned plates. In case of counting the putative 

oligotrophic bacteria in liquid media (NB), the bacterial 

growth was observed visually after one or two weeks at 30°C. 

And the optical density was determined using the standard 

barium sulphate suspension method described by Baron et al., 

[13]. For this determination a loopfull of the 15 days growing 

isolates which approximately equal to 0.01 ml was taken and 

inoculated in new NB tubes medium with its dilutions (NB/10, 

tell NB/10000). After incubation at 30°C for 15 days the 

optical density of each tube was recorded and then the counts 

were calculated. Worth mentioning that 0.01 bacterial 

suspension after 15 days incubation was equal to 0.5 

McFrland standard solution. 

2.2. Soils Samples Used in This Study 

Eight soil samples were collected from different sites 

located allover Fayoum governorate distinguished by extreme, 

harsh and bad environments. 

Table 1. Represent the most available characters of the soils. 

Soil sample No Organic C% T.S.S. (1: 2.5)% 
T, count of bacteria (C.F.U g-1 soil oven dry 

NB (x104) 100 fold x103 1000 fold x 10 Soil texture 

1 0.15 1.06 7.35 39.0 6.7 Clay loam 

2 0.21 10.20 4.20 6.20 3.2 Sand 

3 0.19 3.06 6.30 6.70 5.4 Sand 

4 0.32 1.06 35.0 50.0 8.1 Sand clay 

5 0.17 4.50 35.0 50.0 7.4 Clay 

6 0.13 15.20 5.5 6.5 6.8 Clay 

7 0.17 10.40 6.3 35.0 6.6 Clay 

8 0.34 5.20 39.0 52.0 6.0 Sandy loam 

 

2.3. Morphological, Physiological and Biochemical 

Characters of Oligotrophic Isolates 

Different morphological characters of isolates obtained 

were observed on NB and DNB agar media incubated for two 

weeks at 30°C (ANB and ADNB). Cell shape was examined 

microscopically using gram stain in addition to sporioalation 

and motility. 

The production of acids from selected sugars, solubilization 

of phosphate [14], Zink [15], were carried out. The capability 

to produce plant growth promoting substances (PGPs) such as 

indoleacitic acid (IAA) [16], salyselic acid [17], cellulase 

production [18], chitinase production [19], and N2-fixation 

ability [20]. 

Antifungal activity (potency) of the selected isolates were 

tested against three plant pathogenic fungi using: Pythium 

ultimum, Rhizoctonia solani and Fusarium oxysporum in dual 

culture test [21]. The isolates were grown in NB/1000 in flasks 

50 ml aliquot of the medium for about 10 days at 30°C. Five µl of 

exponentially growing bacterial culture was streaked along two 

opposite sides of surface-dried potato dextrose agar (PDA) plates. 

Plates subsequently incubated at 30°C for 24 hr following 

bacterial growth, mycelial ager plug of 5 mm-diameter from a 5 

day old culture from the target fungi grown on PDA plate was 

placed in center of the plate between the two parallel streaks of 

the test bacteria. Plates inoculated with target fungi alone served 

as control. All plates were incubated at 30°C for 5 days, and then 

antagonistic activity was assessed by relating diameter on plats 

inoculated with bacteria to mycelial diameter on control plates 

and computing percentage inhibition. 

Silica gel plates were prepared as described by [22], for the 

isolation of bacteria to ensure their oligoitrophic nature. 
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3. Results and Discussion 

3.1. Survey of the Putative Oligotrophic Bacteria in Fayoum 

Soils 

The term oligotrophy was first defined by marine and fresh 

water environmental microbiologists to describe 

microorganisms in ecosystems containing only small amounts 

of low energy substrates. Almost all fresh and marine water 

contain only very small amounts of dissolved organic carbon 

compared with that in conventional laboratory media. Soil is 

an oligotrophic environment, because much of the organic 

material which entire the soil has already been partially 

exploited and, as a consequence, readily assimilable substrates 

have been removed. 

Table (1) illustrates the available characters of the eight 

samples collected from various locations distinguished by 

very drastic conditions. Out of the eight soil samples collected, 

three had very high concentration of salts (10%), while three 

contained high salt > 3 and <5.5%), and the rest contained less 

than 1.06%; The organic carbon content of the different soil 

samples were low (0.13 – 0.34%). Soil texture classes of all 

samples were diversed between sand and clay as described in 

Table (1). It was very clear from previous characters that these 

soils are in very poor and severe conditions. As to microbial 

densities, the total microbial counts in NBA (nutrient broth 

Agar), NBA/10, NBA/100, NBA/1000 and NBA/10000, gave 

decreased figures. Non of all soil samples gave counts 

(CFU/g
-1

) increases as the dilution factor increases. The CFU 

in NBA was always more than in NBA/100 or NBA/1000) in 

all soil samples examined. This finding is absolutely 

contradict with what found by [23], who stated that, NB 

medium always gave less counts than its 100-fold soil 

dilutions. The authors added that some components of the NB 

medium may be detrimental. They also added that 

oilgotrophic bacterial counts can be estimated as the 

difference between counts of DNB and NB. Also the 

oligotrophic bacterial counts were found by Hashimoto et al., 

[3], when enumerated by a 100-fold dilution of NB
-
, was two 

to three order of magnitude greater than NB-medium. 

Generally, soil samples tested gave low microbial counts as 

cfu which were from 4.2 to 39.0 x 10
4
 /g

-1
. 

The kind of agar used as solidifying agent may interfere in 

the phenomenon of oligotrophy, because it fortified the 

medium by additional amounts of soluble organic carbon. 

Washed commercial agar (with distilled water), M&D, Gigo, 

Difco and Winlab contained 0.015, 0.06, 0.03, 0024, 0.15 and 

0.021 soluble organic carbon, respectively. Most authors 

neglected the soluble organic carbon which may be present in 

most types of agar. While Al-Falih [24], used 1.5% (w/v) 

purified agar (oxoid) in counting oligotrophic bacteria which 

gave reasonable counts. Schut et al., [1], stated that many of 

so-called oligotrophs isolated on agar media, the agar itself, 

however, contains several hundred mg of utilizable agar and 

amino acids. 

3.2. Isolatation of Putative Oligotrophs and Determination 

of Their Characters 

One hundred and twelve bacterial isolates were obtained 

from eight soils samples which inoculated on 1000 and 

10.000-fold dilutions of NB medium. Ninety eight isolates 

were obtained from the first dilution and fourteen isolates 

from the second dilution. The possible morphological and 

physiological characters of the isolates are summarized in 

Table (2). Worth mentioning that all isolates were oxidase and 

catalase positive, non-lactose fermenters, short and long rods, 

and all were found to be facultative oligotrophs as they grew 

well on NB and DNB (Diluted NB). All isolates were 

cultivated on liquid medium (NB) and its dilutions (DNB). 

The plate method with NBA medium was employed (full 

strength NA). In addition, all pure isolates were inoculated, at 

fixed number or counts in NB and its dilutions (NB/10 to 

NB/10000). After appropriate incubation time and 

temperature, the optical density of tubes were recorded and the 

estimates obtained were translated to counts. In this study, all 

organisms were in pure cultures, while the phenomenon of 

oligotrophy was described by the most authors in mixed 

culture. The diluted NB counts obtained were slightly less 

than the original (initial) counts. The NB counts were near 10
6
 

to 10
7
 cell /ml, while the corresponding NB/10000 were 

between 10
5
 to 10

6
 cell/ml. 

Table 2. Some morphological and physiological characters of the 112 putative oligotrophic isolates obtained from eight soil samples collected. 

Soil No. NO. of isolates IAA SA Zns P.S. P.N.F cellulase chitinase Sporulation (+) Motility (+) G stain (+) 

1 13 11 9 11 11 6 3 1 11 13 11 

2 7 3 3 4 4 3 1 1 6 7 6 

3 10 6 8 6 6 3 3 0 7 8 8 

4 37 15 11 16 14 16 7 3 27 34 32 

5 12 9 3 6 6 4 2 1 11 12 11 

6 11 2 1 3 3 4 1 1 9 11 11 

7 12 8 2 4 4 9 3 0 9 12 9 

8 10 6 4 5 4 7 0 0 9 10 10 

IAA: indol Acetic acid by µg/ml 

SA: salysalic acid by µg/ml 

Zns: Zink solubilization zone by mm 

Ps: phosphate solubilization zone by mm 

PNF: putative N2-fixation 5 subculture in N-free medium. 
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Table 3. Effect of pH, temperature and salt content on growth of strains (six 

strains). 

Strain 

No. 

pH 7.0 pH 10.0 

30°C 50°C 30°C 50°C 

-s +s -s +s -s +s -s +s 

S1 + - + - + - + - 

S2 + - + - + - + - 

S3 + - + - + - + - 

S4 + + + + + + + + 

S5 + + + + + + + + 

S6 + + + - + + + - 

� +S: +15% salt 

� -S: no salt 

� Incubation period 72h 

� Three replicates were used for each treatment. 

All isolates, as presented in the table (1) were described as 

facultative oligotrophs. 

Some selected isolates were grown on silica gel nutrient 

broth (SGNB) to avoid the presence of any soluble organic 

carbon may found in agar when used as solidifying agent and, 

ensure whether the isolate is obligate or facultative 

oligotrophs. 

The capability of isolates to produce some plant growth 

promoters was also determined, because in poor soils, such as 

in present case, it may provide plants with such compounds. 

Sixty isolates, out of the total, were capable to produce IAA in 

detectable amounts (5 to 15 µg/ml). Five isolates only produce 

salyselic acid in appreciable amounts (>100 µg/ml), thirty five 

produce less than 100 µg/ml and the rest (72 isolates) cannot 

produce the compound. Zink solubilization due to acids 

production by different isolates was also determined. Sum of 

fifty five isolates showed detectable clear zone (5 to 10 mm 

diameter) and the rest gave no clear zone. The picture was 

similar in case of phosphate solubilization where fifty two 

isolates produce pronounced clear zone (5 -10 mm diameter). 

Deveci et al., [25], stated that the production of acids by 

mesophilic and extremely thermophilic oligotrophic bacteria 

display superior kinetics in dissolution of zink. While Zeng et 

al., [26], isolated a moderately thermophilic acidophelic 

oligotrophic iron oxidizing bacterium. 

The ability of different isolates to grow on N-freee medium 

(putative N2 fixers) was also examined (oligonitrotrophic) in 

suitable liquid culture medium. The isolate capable of 

growing in medium free of any N-source for five successive 

subculture was considered as putative N2 fixer whether the 

fixation was via N2-ase or by scavenging nitrogen from the 

surroundings. It is possible to call this organism as 

"oligocarbonitrotrophic" organism because it can grow in low 

carbon-free nitrogen environment. Satio et al., [27], Eleven 

isolates of slow growing N2-fixing oligotrophic bacteria from 

soil. Were obtained Horikawa et al., [11], stated that 

N2-fixation by aquatic oligotrophic bacteria is an important 

biological process that add new nitrogen to oceans. Studying 

ocean microbiology, also Fong et al., [12], revealed high 

abundance of several oligotrophic N2-fixing cyanobacteria. 

Out of the 112 isolates tested, fourty seven were able to obtain 

nitrogen. Nitrogen fixation efficiency as classically done had 

employed here (mg N fixed/g carbon consumed). Fourten 

isolates only were G
+
 (12.5%), most were motile 107 (95.5%), 

and spore formers were 89 (79%). Colony shape was mostly 

circular or irregular. Data obtained by many researches were 

to somewhat similar [28-30], [1]. 

 

Fig. 1. Some activities of isolates putative oligotrophic bacteria. 
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Fig. 2. Inhibition zone produced from the selective six isolates against the tested pathogenic fungi. 

The six isolates characterized by high efficiency in different 

activities examined (IAA, S. A Zn, P, and N2-fixation) were 

tested if they are obligate or facultative oligotrophs by 

growing on silica gel nutrient broth (SGNB) with the different 

dilutions. Worthmentioning, all isolates were facultative not 

obligate oligotrophs as they grow well on complete as well as 

on silica gel medium. [31], isolated oligotrophic 

actinomycetes on silica gel medium. While [1], sated that the 

oligotrophic isolates from soil is very limited and ambiguous. 

[2], obtained a facultative oligotrophs with higher 

concentration of dissolved organic carbon. In contrast [3], 

found that denitrifying bacteria isolates were DNB organisms 

of the oligotrophic type did not show appreciable growth on 

the NB medium. Recent [4], isolated an obligate oligotrophic 

bacterium from biological soil crust. 

The selected six isolates showed high potency against some 

economically important pathogenic fungi causing, damping-off 

disease (Pythium ultimum, Fusarium oxysprium and 

Rhizoctonia solani) (Fig 1 and 2). All the six isolates showed an 

inhibitory (in vitro) against the test fungi. These six isolates 

were identified and involved on anther proceeding study. 

4. Conclusion 

From these results it could be concluded that a total one 

hundred and twelve bacterial isolates were isolated from eight 

different soil sites using different dilutions of NB medium. 

Ninety eight of them were obtained from NB/ 1000 and 

fourteen were obtained from NB/ 10000. All isolates were 

proved to elucidate the phenomenon of oligotrophy. The results 

indicated that all isolates are facultative oligotrophs as they 

grew on silica gel NB medium deprived of any source of carbon 

as well as on complete NB medium. All isolates examined were 

oxidase and catalase positive and cannot ferment lactose. Most 

of them were Gram-positive, motile, spore formers, rods. 

Eleven isolates could produce IAA in considerable amounts 

(15µg/ml), and five isolates were capable to produce salicylic 

acid in high amounts (>100 µg-1/ml-1). Nine isolates 

solubilized phosphate and zinc as indicated by clear zone (>10 

mm diameter), surrounding colonies on the media containing tri 

calcium phosphate and zinc oxide, respectively. Forty-seven 

isolates were able to fix nitrogen in medium deprived 

completely of N-source and they characterized as 

oligonitrotrophic isolates. In addition, some isolates were 

positive for chitinase and cellulase production and were able to 

antagonize some plant pathogenic fungi such Py. altimum, R. 

solani, and F. oxiysporium. Finally, these results could enable us 

to develop a new superior oligotrophic inocula as plant growth 

promoters suitable for new reclaimed soils under adverse 

conditions. However, further work under study to evaluate the 

effectiveness of these isolates under field conditions. 
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