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Abstract 

The utilization of oil in industries has devastating effect to the environment. Industrial effluents and oil spills are continuously 

contaminating the soil. Further, seasonality influences the distribution of pollutants in soil. Consequently, soil microbial biota 

and ecological processes are affected. This study assessed the effect of seasonality on soil fungal and bacterial communities in oil 

contaminated soils in 12 selected sites in Greater Port Harcourt Area. Standard analytical procedures were used to obtain 

bio-physicochemical data from the soil samples and t test was used to analyse data. The levels of total petroleum hydrocarbons 

(TPH) were above 5000 ppm (DPR recommended limit). There was significant difference (p ≤ 0.000) between the means of TPH 

in wet and dry seasons. Seasonality influenced % HUF and % HUB in the soils of urban, industrial and agricultural sites. 

Generally, the seasonality trends showed that there was a declining population of THB, HUB, TF, and HUF from the wet season 

to the dry season. However, the results show that there was a stable trend in % HUB as compared to oscillations observed in % 

HUF in oil tainted soils across a seasonal divide. We recommend characterization of the microorganism to identify the best 

candidate for bioremediation of oil tainted soils across a seasonal divide. 
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1. Introduction 

A significant driver of soil formation, organic matter 

turnover, and nutrient cycling is soil microbiota [33]. Ac-

cording to Alkorta, Epelde, and Garbisu [1], soil moisture 

content affects the solubility, mobility, and bioavailability of 

soil contaminants as well as the amount of oxygen that is 

available. Cycles of wetting and drying can change the or-

ganic pollutants' bioavailability in soil [1]. Floods and periods 

of heavy precipitation cause more water erosion, which 

spreads soil contaminants away from contaminated areas [1]. 

Variations in precipitation amounts and frequency have an 

impact on soil microbial activity and eventually on the integ-

rity of the soil ecosystem [1]. In wet seasons, the pH of soils is 
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altered by frequent flooding and drainage [35]. During rainy 

season pH of acid soils increases while pH of alkaline soils 

decreases [35]. Because of its high pH, rainwater encourages 

the exchange of ions between phosphate and OH
-
 in soils that 

release P into floodwater [35]. Increased Fe
3+

 concentrations 

in rainfall result in the formation of mixed Fe
2+

 -Fe
3+

 hy-

droxide, which has a greater specific surface area and en-

hances the adsorption of soluble P [34, 37]. As most inorganic 

P is attached to calcium (Ca) compounds, alkaline soils ben-

efit greatly from the retention of P due to Ca compounds [35, 

46]. 

Reduced rainfall can have a significant impact on the bi-

omass of microorganisms but little on the makeup of com-

munities [22]. Rainfall variations can affect the carbon cycle 

in terrestrial ecosystems, which is why the robustness of bi-

ological processes in soil depends on the population of 

low-lying microorganisms in these ecosystems. Regarding the 

impact of seasonality on microbial diversity in soil ecosys-

tems, there are conflicting and ambiguous results [28, 40] as 

there is more than only rainfall as an influencing factor, but 

complex interactions between microorganisms and biotic and 

abiotic components. Reductions in rainfall have the potential 

to directly or indirectly alter the biomass and community of 

microorganisms. Lower soil moisture reduces the mobility of 

solutes and limits the availability of substrate for microor-

ganisms. This directly prevents the growth of decomposer 

bacteria, which in turn results in less carbon and nitrogen from 

detritus entering the soil ecosystem [26]. Conversely, several 

microbes exhibit tolerance towards damp environments, such 

as Actinobacteria, Gram-positive bacteria and Arbuscular 

mycorrhizal fungi [45]. This suggests that variations in sea-

sonality and precipitation patterns affect the kinds of micro-

organisms that live in soil [5, 20]. 

The amount of water or available moisture regulates how 

often soil particles and microbes collide [5]. Reduced mois-

ture affects soil total microorganism population [7]. Reduced 

rainfall has an impact on microorganisms' capacity to get the 

necessary nutrients from the soil [7, 11]. Nevertheless, not all 

regions exhibit a correlation between decreased rainfall and 

the populations of microorganisms [22]. This is explained by 

the population of soil microorganisms' evolutionary tolerance 

to extreme temperatures and water stress [6, 24]. Greater 

resistance to decreased rainfall can be shown by fungal 

communities than by bacteria [48]. This is explained by the 

fact that fungus have filamentous structures, which enable 

them to access and utilize substrates found in soil at extremely 

low moisture levels [36]. Additionally, the ability of hyphae 

to access available nutrients and stronger cell walls in fungus 

influence their responses to decreased rainfall [36]. Fungi's 

thick cell walls help them resist the environment's high os-

motic pressure [14]. This also holds true for bacteria, as 

Gram-positive bacteria are able to present themselves more 

effectively in a variety of seasonal conditions due to their 

stronger cell walls and more developed osmoregulatory 

mechanisms than Gram-negative bacteria. For instance, Ac-

idobacteria and Actinobacteria are resistant to drought and 

barely impacted by precipitation levels [14]. The entire de-

cline in the number of microorganisms can also be ascribed to 

the warming impacts of the dry spell [10, 12], indicating that 

soil microorganisms can be altered in accordance with various 

habitats. For instance, a decrease in rainfall can have an im-

pact on soil microorganisms in a forest while having no effect 

on the population of microorganisms in a nearby grassland 

[20]. The factors influencing the populations of microorgan-

isms in various environments may differ depending on how 

those ecosystems are structured [4]. Therefore, reduced mi-

croorganism populations in soil can negatively affect soil 

carbon dynamics by causing a decline in carbon levels [9, 19, 

47]. Therefore, changes in microbe populations in contami-

nated environments may be impacted by seasonal variations. 

Rainfall's effect on soil microbes is still unknown [8]. Re-

ductions in rainfall lower the biomass of soil microorganisms, 

but have less of an impact on fungi than on bacteria [43]. 

Rainfall can significantly affect microbial biomass but has 

little effect on the makeup of microorganism communities 

[22]. Rainfall increases reduce soil respiration and soil or-

ganic carbon, which are positively correlated with changes in 

the biomass of microorganisms [7]. In certain ecosystems, 

various microorganism communities react differently to var-

ying levels of precipitation [5, 20, 27]. The description of the 

distribution patterns among microorganism populations in 

relation to changes in rainfall patterns is still somewhat un-

clear [28, 40] particularly in polluted soils. The relationship 

between the composition of the soil microorganisms and 

studies comparing the functional characteristics of microbial 

communities from various habitats with seasonal variations 

have shown the ecosystem function [17, 18, 30, 29, 44], there 

aren't many research looking into how changes in the micro-

bial ecosystem affect a specific location [16, 31]. These 

studies factored community shifts following contamination of 

soil with Total Petroleum Hydrocarbons (TPH) but not in a 

seasonal change perspective. In addition, some of the results 

in these studies contradict each other, also within the same 

field of study [21]. In general, the effects of the season on the 

structure of the microbial soil community are still poorly 

understood, particularly in oil contaminated soils. 

Therefore, the aim of this study is to assess the seasonal 

dynamics of soil microbial communities in oil tainted soil in 

Greater Port Harcourt Area, Nigeria. It is challenging to 

forecast the dynamics of microorganisms in the environment 

since the distribution and abundance of soil microorganisms 

depend on both biotic and abiotic factors [13, 32]. A decrease 

in solute mobility limits the availability of substrates, which 

prevents bacteria from growing [7]. Seasonal variations in soil 

oxygen availability have a domino effect on the population of 

microorganisms in the community, primarily decomposers 

[15]. Anaerobic conditions cause a reduction in the break-

down of cell wall components, but aerobic and anaerobic 

conditions cause equivalent degradation of chemicals that are 

easily leachable and hydrolyzable [15]. 
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2. Materials and Methods 

2.1. Description of the Study Site 

In Port Harcourt, the capital of Rivers State, Nigeria, nine 

chosen test and three control sites were used for this study (Fig-

ure 1). The study locations were divided into three categories: 

agricultural (Aluu, Oquwi- Eleme, Emuoha- Eu), industrial 

(Eleme, which houses the NNPC Refinery, Agbada-SPDC- flow 

station), and urban (GRA phase 2, Diobu- Mile 1 and Mguoba).  

As seen in Table 1, the study sites were characterized by a 

variety of economic activities. From AccuWeather's weather 

forecasts, the mean monthly temperature (°C) and precipita-

tion (mm) were determined. 

 
Figure 1. Sample site locations in chosen research areas in the Greater Port Harcourt region of Rivers State, Nigeria. [38]. 

Table 1. Table displaying economic activity and study regions [38].  

No 
Selected Study 

Sites 

Study Site Coding (Loca-

tions) 

Coordinates N latitude E Lon-

gitude 
Characteristic and main activities 

  Agricultural Area   

1 Aluu A1 
4° 56’ 11.160’ 

6° 57’ 52.248 
Flow station 
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No 
Selected Study 

Sites 

Study Site Coding (Loca-

tions) 

Coordinates N latitude E Lon-

gitude 
Characteristic and main activities 

2 Eleme A2 
4° 44’ 09.874’ 

7° 08’ 58.494’ 
Village close to refinery 

3 Emuoha A3 
5° 00’ 00.018’ 

6° 49’ 13.032’ 
Flow station 

4 Control CA 
5° 00’ 21.384’ 

6° 49’ 00.000’ 
>1 km away from suspected areas 

  Industrial Area   

1 Onne I1 
4° 46’ 00.402’ 

7° 05’ 43.092’ 
Hosts the NNPC Refinery 

2 Agbada I2 
4° 56’ 03.444’ 

6° 58’ 42.060’ 

Hosts SPDC- flow station in a rural 

setting 

3 Trans-Amadi I3 
4° 48’ 20.455’ 

7° 02’ 17.646’ 
Schlumberger/, Hallburton 

4 Control CI 
4° 47’ 13.788’ 

7° 07’ 44.620’ 
>1 km away from suspected areas 

  Urban Area   

1 GRA Phase 2 U1 
4° 49’ 53.574’ 

6° 59’ 45.552’ 
Inhabited areas Perecuma street 

2 Diobu-Mile 1 U2 
4° 47’ 20.382’ 

7° 00’ 13.164’ 
Petroleum refinery 

3 Mgbuoba U3 
4° 50’ 39.864’ 

6° 58’ 20.232’ 
NTA 

4 Control CU 
4° 49’ 17,040’ 

6° 59’ 24.168’ 
>1 km away from suspected areas 

 

2.2. Sampling 

Using random sampling, composite samples were gathered 

from the urban, industrial, and agricultural sectors in both the 

dry season (December 2018 to February 2019) and the wet 

season (April to September 2018). Using a random strategy, 

five (5) distinct samples were gathered from each test field 

and season. To create a uniform composite mixture, the five 

separate samples were thoroughly mixed by quartering and 

coning in a sterile container. Using a conventional auger, a 

total of 12 composite samples were taken three times every 

season from the topsoil at a depth of 0 to 15 cm. The test 

samples were A1, A2, A3, I1, I2, I3 U1, U2, and U3, and the 

control samples were CA, CI, and CU (Table 1). Afterwards, 

400 g of homogenized composite samples were placed in 

polyethylene bags with the use of a sterile wooden shovel. To 

avoid sample contamination, pre-sterilized items were used 

for the collection of samples for microbiological analysis. A 

GPS was used to locate the sampling sites, and Table 1 con-

tains the GPS data that were obtained. Samples were brought 

to the lab so they could be examined. 

2.3. Laboratory Analysis 

2.3.1. Determination of Total Petroleum Hydrocar-

bon (TPH) Content of Soil 

The FID technique for the Hewlett Packard 5890 Series II Gas 

Chromatograph was employed. Using this procedure, a beaker 

washed with acetone was filled with 1 g of well-mixed material. 

Subsequently, 1 g of anhydrous sodium sulphate and 5 ml of a 

solvent (1:1 of dichloromethane and acetone) were added to the 

soil sample. The mixture was then agitated for 15 minutes using 

a magnetic stirrer before being transferred into a round-bottom 

flask. This was done again with the addition of 5 milliliters of 

mixed solvent. After stirring and allowing it to stand or settle, it 

was poured into a different round-bottom flask. The solvent was 

concentrated to 2 ml after being exchanged for 1 ml of hexane. 

Ten milliliters of n-hexane were used to elute (wash off) the 

columns. The aliphatic components were collected using 10 ml 

of n-hexane after 1 ml (1 ml) of the extract was pipetted into the 

column. For gas chromatography, the extract was concentrated 

to 1 ml and put into a glass container. 
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2.3.2. Enumeration of Total Heterotrophic Bacteria 

(THB) 

Heterotrophic bacteria were enumerated by pour plate 

method [2, 3]. Under aseptic conditions (laminar bench 

floor), one gram of soil sample was weighed into nine mil-

liliters of sterile diluent (0.85% NaCl). After that, it was 

serially diluted and homogenized with a lab vortex mixer 

(Model: 10101001, IP42). Next, using a sterile pipette, a 0.1 

ml aliquot of the inoculum was collected and inoculated on 

Nutrient Agar (NA) medium. A sterilized glass spreader 

stick was used to distribute the inoculum uniformly. After 

that, plates were incubated for 24 hours at 37°C. Subse-

quently, the colonies were tallied and reported as the value 

of colony forming units (CFUs/mg of soil) per gram. Sub-

sequently, the colonies were tallied and reported as the value 

of colony forming units (CFUs/mg of soil) per gram. After 

being incubated for 24 hours at 37°C, distinct colonies with 

varying morphological patterns (color, size, form, edge, 

elevation, surface, and opacity) were selected and streaked 

or subcultured on newly prepared nutritional agar medium in 

order to obtain pure culture. The pure cultures underwent 

biochemical testing after being Gram stained for micro-

scopic inspection. 

2.3.3. Enumeration of Hydrocarbon Utilizing Bacte-

ria 

Hydrocarbon utilizing bacteria (HUB) were enumerated by 

the pour plate method [2, 3] method. Under aseptic circum-

stances, one gram of soil sample was weighed into a nine 

milliliter sterile diluent (0.85% NaCl). After that, the material 

was serially diluted and homogenized using a lab vortex 

mixer (Model: 10101001, IP42). Then 0.1 ml aliquot of the 

inoculum was inoculated on Mineral Salt Agar (MSA) me-

dium containing g/l of MgSO4.7H2O 0.42 g, KCl 0.29 g, 

K2HPO4 1.25 g, KH2PO4 0.83 g, NaNO3 0.42 g, NaCl 10 g 

and Agar Powder 18 g, using the spread technique. Crude oil 

was soaked on sterile filter paper (Whatman 540), which was 

then put inside the petri dish lid. The plates were cultured for 

five days at room temperature in an inverted orientation until 

discernible growth appeared. Following a 24-hour incubation 

period and sub-culturing on a newly prepared medium, dis-

crete colonies were purified in preparation for microscopic 

inspection and biochemical testing. 

2.3.4. Enumeration of Total Fungi 

HUF (hydrocarbon-using fungus) was cultivated via the 

pour plate method [2, 3]. One gram of soil sample was 

weighed in nine milliliters of sterile diluent (0.85% NaCl) 

while the environment was aseptic. After homogenizing the 

material with a vortex mixer (Model 10101001, IP42), ster-

ile pipettes were used to dilute the sample in series. After 

that, 0.1 ml of the inoculum aliquot was added to Potato 

Dextrose Agar (PDA) together with NormocureTM, an 

antibacterial reagent, to prevent bacterial development and 

promote fungal growth instead. The infected plates were 

then allowed to incubate at room temperature for a duration 

of 5 to 7 days. Using a colony counter, colonies were 

counted in order to determine the colony forming unit per 

gram (CFU/g) of the soil. 

2.3.5. Enumeration of Hydrocarbon Utilizing Fungi 

HUF (hydrocarbon-using fungus) was cultivated via the 

pour plate method [2, 3]. One gram of soil sample was 

weighed into a 9 ml sterile diluent (0.85% NaCl) in an aseptic 

setting (laminar flow bench). After homogenizing the material 

with a lab vortex mixer (Model: 10101001, IP42), sterile 

pipettes were used to serially dilute the sample. Then, in order 

to prevent the growth of bacteria and promote the growth of 

fungi exclusively, a zero-point one milliliter (0.1 milliliter) 

aliquot of inoculum was inoculated on Mineral Salt Agar 

(MSA) combined with an antibacterial reagent (Normo-

cure
TM

). After being immersed in crude oil, sterile filter paper 

(Whatman 540) was placed within the petri dish cover. The 

plates were then incubated for five to seven days at room 

temperature with the lids on. To calculate colony forming 

units per gram of soil, colonies were counted using a colony 

counter. After that, the isolates' cultural traits (color and mi-

croscopic observations) were examined, and they were re-

fined by subculturing on newly made medium and 

re-incubating for three to five days. Using lactophenol cotton 

blue dye, a microscopic analysis was performed on the pure 

cultures under a ×400 magnification. 

2.3.6. Determination of % Hydrocarbon Utilizing 

Fungi and Bacteria 

The following formula was utilized to express the per-

centage (%) of hydrocarbon-utilizing fungi and bacteria as a 

fraction of the overall heterotrophic viable count. 

% HUF/HUB =
𝐻𝑦𝑑𝑟𝑜𝑐𝑎𝑟𝑏𝑜𝑛 𝑢𝑡𝑖𝑙𝑖𝑧𝑖𝑛𝑔 𝑓𝑢𝑛𝑔𝑖/𝑏𝑎𝑐𝑡𝑒𝑟𝑖𝑎 

𝑇𝑜𝑡𝑎𝑙 𝑕𝑒𝑡𝑒𝑟𝑜𝑡𝑟𝑜𝑝𝑕𝑖𝑐 𝑣𝑖𝑎𝑏𝑙𝑒 𝑐𝑜𝑢𝑛𝑡
×

100 

1
  

2.3.7. Data Analysis 

Statistical analyses were performed by SPSS statistical 

package. Data analysis was done using descriptive analysis 

to summarize the data set as a representation of the entire or 

a sample of a population. The measure of central tendency 

that was done is the mean, while measures of variability 

include standard deviation at significance level p < 0.05. The 

t-test, was used to determine whether the means of TPH 

between the two seasons are different to each other. Seasonal 

variation was analyzed using a six-point moving average 

[trend] (April, July, September and December 2018 and 

January and February 2019) as a starting point using python 

statistical package. 
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3. Results 

3.1. Variation in the Levels of TPH Across the 

Wet and Dry Seasons 

The concentrations of TPH in the study sites were done to 

ascertain the levels of contamination and were above the 

≤5000ppm (DPR recommended threshold values) p = 0.150 

and 0.001 for wet and dry season respectively. Total Petro-

leum Hydrocarbon (TPH) concentrations in soils of all the 

control sites were within the recommended limit. Table 2 

shows the mean variations of TPH among the study sites and 

also the study areas. There was significant difference (p ≤ 

0.000) between the means of TPH in wet and dry seasons. 

Generally, in all the study areas, the mean TPH was higher in 

the dry season as compared to the wet season. Also, the test 

sites had higher concentrations as compared to the control 

sites which were deemed non-contaminated. 

Table 2. Seasonal variation in Total Petroleum Hydrocarbon (TPH) content in soil from agricultural, industrial and urban sites in Greater Port 

Harcourt Area, Rivers State, Nigeria. 

Study area Study site 
Mean± Std. D TPH 

Wet (n=3) 
Mean± Std. D 

Mean± Std. D TPH 

Dry (n=3) 
Mean± Std. D 

Agricultural 

A1 3791.70±613.63 

4552.78±1736.25 

4558.83±189.89 

5707.65±1693.28 A2 3146.81±776.81 4602.67±44.28 

A3 6719.84±447.31 7961.45±15.27 

Agricultural Control CA 2020.30±526.58 2020.30±526.58 2328.59±44.88 2328.59±44.88 

Industrial 

I1 5610.41±790.82 

6868.33±1656.72 

9616.70±303.81 

9028.19±1058.28 I2 6068.55±467.26 7678.42±430.87 

I3 8926.04±671.50 9789.45±283.31 

Industrial Control CI 3324.12±261.31 3324.12±261.31 3451.93±499.68 3451.93±499.68 

Urban 

U1 7741.89±503.99 

8377.48±709.36 

8601.39±169.46 

9654.64±882.19 U2 9213.61±65.32 10603.92±152.69 

U3 8176.95±198.90 9758.62±170.52 

Urban Control CU 2713.72±449.26 2713.72±449.26 3232.54±643.83 3232.54±643.83 

Mean N=27  6599.53±2120.44  8130.16±2140.41  

Df = 52 

T = -2.64 

P = 0.011 

Mean difference = -1530.63 

 

3.2. Changes in the Populations of THB Due to 

Seasonality 

There was a decreasing trend in THB population in most of 

the study sites; (Emuoha) A3, (Industrial Control) C1, (Eleme) 

A2, (GRA-Phase 2) U1, (Trans-Amadi) I3, (Mgbuoba) U3, 

(Diobu-Mile 1) U2 and (Onne) I1 across the wet and the dry 

seasons. There was a stable population in (Onne) I1, (Agbada) 

I2 and (Aluu) A1 across the wet and dry seasons (Table 3, 

Figure 2). The highest decrease was observed between Sep-

tember and December. A stable population was observed the 

dry season in December, January and February as opposed to 

oscillations in populations in the wet season; April, June and 

September (Figure 2). In (GRA-Phase 2) U1 a sharp decrease 

was observed from April to July where there was slight in-

crease from July to September then followed by a decrease in 

population in the month of September to February (Figure 2). 
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Table 3. Seasonal variation in populations of total heterotrophic bacteria (THB) in soil from agricultural, industrial and urban sites in Greater 

Port Harcourt Area, Rivers State, Nigeria. 

Sampling site WET   Mean DRY   Mean 

Month April July September Mean Wet December January February Mean Dry 

CI 6.90×107 7.20×107 7.40×107 7.17×107 7.20×106 6.90×106 6.30×106 6.80×106 

I1 1.32×107 1.30×107 1.50×107 1.37×107 6.80×106 6.30×106 6.00×106 6.37×106 

I2 7.40×106 7.00×106 7.90×106 7.43×106 6.60×106 6.20×106 5.70×106 6.17×106 

I3 3.50×107 2.80×107 3.80×107 3.37×107 4.60×105 4.40×105 4.10×105 4.37×105 

CA 6.20×107 6.00×107 6.30×107 6.17×107 4.30×105 4.10×105 3.60×105 4.00×105 

A1 1.10×106 1.00×106 1.80×106 1.30×106 7.60×106 6.80×106 6.20×106 6.87×106 

A2 7.30×107 6.50×107 7.40×107 7.07×107 7.00×106 6.50×106 4.90×106 6.13×106 

A3 5.80×107 5.60×107 5.80×107 5.73×107 9.30×106 7.30×106 2.90×106 6.50×106 

CU 3.20×106 3.00×106 3.80×106 3.33×106 8.20×106 6.60×106 6.20×106 7.00×106 

U1 9.80×107 1.20×107 2.70×107 4.57×107 7.90×106 6.30×106 6.10×106 6.77×106 

U2 1.00×107 2.64×107 2.00×107 1.88×107 9.00×106 7.30×106 6.90×106 7.73×106 

U3 1.80×107 1.78×107 2.30×107 1.96×107 7.20×106 5.80×106 5.40×106 6.13×106 

Temp (°C) 27.00 26.00 26.00 26.50 28.00 28.00 28.00 28.00 

ppt (mm) 126.00 242.00 635.00 334.33 0.00 0.00 0.00 0.00 

 
Figure 2. Seasonal trend in population of total heterotrophic bacteria (THB) in soil from agricultural, industrial and urban sites in Greater 

Port Harcourt Area, Rivers State, Nigeria. 
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3.3. Seasonal Variation in Populations of Hy-

drocarbon Utilizing Bacterial (HUB) 

The highest population of HUB was observed in Eleme 

(A2), Urban Control (CU) and Agbada (I2) in the wet season 

with populations of 6.80×10
5
, 2.31×10

5
 and 1.20×10

5
 CFU/g 

of soil respectively (Table 4). There was an overall decreasing 

trend in HUB from wet to dry season (Table 4). A stable 

population was observed in Industrial Control (CI), Agbada 

(I2), Trans-Amadi (I3), Agricultural Control (CA), Aluu (A1), 

(Emohua) A3, GRA-Phase 2 (U1), Diobu Mile 1 (U2) and 

Mgbuoba (U3) in the wet and dry seasons. There was no 

significant variation on populations of HUB in the wet and dry 

season in Industrial Control (CI), Agbada (I2), Trans Amadi 

(I3), Agricultural Control (CA), Aluu (A1), Emuoha (A3), 

GRA Phase 2 (U1), Diobu Mile 1 (U2) and Mgbuoba (U3) 

(Table 4, Figure 3). 

 
Figure 3. Seasonal trend in populations of hydrocarbon utilizing bacteria (HUB) in soil from agricultural, industrial and urban sites in 

Greater Port Harcourt Area, Rivers State, Nigeria. 

Table 4. Seasonal variation in populations of hydrocarbon utilizing bacteria (HUB) in wet and dry seasons in soil from agricultural, industrial 

and urban sites in Greater Port Harcourt Area, Rivers State, Nigeria. 

Sampling site WET   Mean DRY   Mean 

Month April July September Mean Wet December January February Mean Dry 

CI 3.90×104 3.90×104 3.8×104 3.88×104 2.50×104 2.30×104 2.20×104 2.33×104 

I1 2.38×104 2.62×104 2.4+×104 2.47×104 2.60×104 2.50×104 2.30×104 2.47×104 

I2 1.20×105 1.20×105 1.30+×105 1.24×105 2.30×104 2.00×104 1.90×104 2.07×104 

I3 3.90×104 3.90×104 4.1+×104 3.97×104 1.20×104 1.00×104 1.00×104 1.07×104 

CA 1.74×104 1.77×104 1.68×104 1.73×104 2.20×104 1.50×104 1.30×104 1.67×104 
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Sampling site WET   Mean DRY   Mean 

Month April July September Mean Wet December January February Mean Dry 

A1 1.48×104 1.48×104 1.52×104 1.49×104 1.80×104 1.50×104 1.40×104 1.57×104 

A2 6.80×105 6.80×105 6.90×105 6.83×105 3.60×104 3.30×104 3.50×104 3.47×104 

A3 7.60×104 6.90×104 6.80×104 7.10×104 2.20×104 2.00×104 2.40×104 2.20×104 

CU 2.31×105 2.80×105 2.70×105 2.60×105 2.30×104 2.10×104 2.00×104 2.13×104 

U1 3.60×103 3.60×103 3.80×103 3.67×103 1.90×104 1.60×104 1.70×104 1.73×104 

U2 2.84×104 2.80×104 3.00×104 2.88×104 3.60×104 3.20×104 3.50×104 3.43×104 

U3 5.20×104 5.20×104 5.40×104 5.27×104 3.00×104 3.60×104 3.90×104 3.50×104 

Temp (°C) 27.00 26.00 26.00 26.50 28.00 28.00 28.00 28.00 

ppt (mm) 126.00 242.00 635.00 334.33 0.00 0.00 0.00 0.00 

 

3.4. Seasonal Variation in Percent Hydrocarbon 

Utilizing Bacteria (% HUB) 

There were mixed trends of increasing and decreasing in % 

HUB populations among the study locations between the wet 

and the dry seasons. Percent HUB decreased in Industrial 

Control (CI), Onne (I1), Agbada (I2), Aluu (A1), Eleme (A2), 

Emuoha (A3), Urban Control (CU), GRA Phase 2 (U1), Di-

obu Mile 1 (U2) and Mgbuoba (U3) from the wet season to 

the dry season (Table 5, Figure 4). The highest decrease was 

observed in Urban Control (CU) (Figure 4). There was an 

increase in % HUB in Agricultural Control (CA) and 

Trans-Amadi (I3) from wet season to dry season (Table 4, 

Figure 4). All the levels of % HUB in all the study locations 

were below 10% and are grouped as pristine (Table 5). 

 
Figure 4. Seasonal trend in percent hydrocarbon utilizing bacteria (% HUB) in soil from agricultural, industrial and urbanized areas in 

Greater Port Harcourt Area, Rivers State, Nigeria. 
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Table 5. Seasonal variation in percent HUB in wet and dry seasons in soil from agricultural, industrial and urban sites in Greater Port Har-

court Area, Rivers State, Nigeria. 

Sampling site WET   Mean DRY   Mean 

Month April July September Mean Wet December January February Mean Dry 

CI 0.26 0.50 0.05 0.27 0.35 0.33 0.35 0.34 

I1 0.05 0.20 0.16 0.14 0.38 0.40 0.38 0.39 

I2 1.62 1.71 0.16 1.16 0.35 0.32 0.33 0.33 

I3 0.11 0.14 0.11 0.12 2.61 2.27 2.44 2.44 

CA 0.28 0.30 0.03 0.20 5.12 3.66 3.61 4.13 

A1 1.35 1.48 0.84 1.22 0.24 0.22 0.23 0.23 

A2 0.90 0.10 0.93 0.64 0.51 0.51 0.71 0.58 

A3 0.13 0.12 0.12 0.12 0.24 0.27 0.83 0.45 

CU 7.22 9.33 7.11 7.89 0.28 0.32 0.32 0.31 

U1 0.04 0.03 1.41 0.49 0.24 0.25 0.28 0.26 

U2 0.28 1.01 0.15 0.48 0.40 0.44 0.51 0.45 

U3 0.28 0.29 0.23 0.27 0.42 0.62 0.72 0.59 

Temp (°C) 27.00 26.00 26.00 26.50 28.00 28.00 28.00 28.00 

ppt (mm) 126.00 242.00 635.00 334.33 0.00 0.00 0.00 0.00 

 

3.5. Seasonal Variation in Populations of Total 

Fungal (TF) 

Total fungal counts were done in all soil samples and the 

findings recorded in Table 6. There was a decreasing trend in 

fungal populations among all sites from the wet to dry season 

(Figure 5). In Onne (I1) there was an increase in population from 

April to July and a stable population from July to September 

where there was a decrease at the onset of the dry season (Figure 

5). There was almost stable fungal population among study lo-

cations Industrial Control (CI), Agbada (I2), Trans Amadi (I3), 

Agricultural Control (CA), Emuoha (A3) and GRA-Phase 2 (U1) 

(Table 6, Figure 5). The highest fungal populations were ob-

served in locations Onne (I1) and Eleme (A2) (Table 6). 

Table 6. Seasonal variation in populations of total fungal (TF) in soil from agricultural, industrial and urban sites in Greater Port Harcourt 

Area, Rivers State, Nigeria. 

Sampling site WET   Mean DRY   Mean 

Month April July September Mean Wet December January February Mean Dry 

CI 5.14×104 5.30×104 5.20×104 5.21×104 4.60×103 5.40×103 5.70×103 5.23×103 

I1 1.50×105 8.60×105 8.40×105 6.17×105 3.30×104 4.10×104 5.20×104 4.20×104 

I2 1.40×104 1.36×104 1.20×104 1.32×104 5.60×103 4.90×103 5.40×103 5.30×103 

I3 7.60×104 7.60×104 7.30×104 7.50×104 4.10×103 3.30×103 3.60×103 3.67×103 

CA 6.43×103 6.00×103 6.10×103 6.18×103 3.20×103 2.80×103 3.00×103 3.00×103 

A1 1.54×105 1.40×105 1.40×105 1.45×105 2.50×104 2.90×104 3.40×104 2.93×104 

A2 3.50×104 3.30×104 3.00×104 3.27×104 3.30×103 3.20×103 3.50×103 3.33×103 

A3 8.50×103 8.00×103 8.20×103 8.23×103 4.50×103 4.90×103 4.70×103 4.70×103 
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Sampling site WET   Mean DRY   Mean 

Month April July September Mean Wet December January February Mean Dry 

CU 8.10×104 7.70×104 7.30×104 7.70×104 4.40×103 4.70×103 4.90×103 4.67×103 

U1 1.40×104 1.43×104 1.50×104 1.44×104 3.20×103 3.60×103 3.80×103 3.53×103 

U2 6.80×104 6.60×104 6.40×104 6.60+104 5.20×103 5.70×103 5.90×103 5.60×103 

U3 6.50×104 6.00×104 6.20×104 6.23+104 3.70×103 3.90×103 4.30×103 3.97×103 

Temp (°C) 27.00 26.00 26.00 26.50 28.00 28.00 28.00 28.00 

ppt (mm) 126.00 242.00 635.00 334.33 0.00 0.00 0.00 0.00 

 
Figure 5. Seasonal trend in populations of total fungi (TF) in soil from agricultural, industrial and urban sites in Greater Port Harcourt 

Area, Rivers State, Nigeria. 

3.6. Seasonal Variation in Population of Hy-

drocarbon Utilizing Fungal (HUF) 

The highest mean HUB observed in the wet season was in 

Industrial Control (CI) and Mgbuoba (U3) with 4.57×10
4
 and 

3.45×10
4
 CFU/g of soil (Table 7). There was a decreasing 

trend in fungal population in all the study areas between the 

wet and the dry season (Table 7, Figure 6). There was a de-

crease in fungal population between the wet and the dry sea-

son (Figure 6). 

Table 7. Seasonal variation in populations of hydrocarbon utilizing fungi (HUF) in soil from agricultural, industrial and urban sites in Greater 

Port Harcourt Area, Rivers State, Nigeria. 

Sampling site WET   Mean DRY   Mean 

Month April July September Mean Wet December January February Mean Dry 

CI 3.00×103 6.60×104 6.80×104 4.57×104 3.80×102 3.90×102 3.70×102 3.80×102 

I1 6.40×103 6.45×103 6.60×103 6.481×03 5.30×102 5.00×102 4.90×102 5.07×102 
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Sampling site WET   Mean DRY   Mean 

Month April July September Mean Wet December January February Mean Dry 

I2 1.80×103 2.20×103 2.80×103 2.27×103 2.20×102 1.90×102 2.70×102 2.27×102 

I3 3.80×103 7.80×103 8.40×103 6.67×103 3.40×102 2.90×102 3.30×102 3.20×102 

CA 3.90×103 4.00×103 4.40×103 4.10×103 4.50×102 3.60×102 3.80×102 3.97×102 

A1 2.00×103 3.00×103 3.30×103 2.77×103 1.70×102 1.90×102 3.00×102 2.20×102 

A2 5.80×103 2.30×103 3.00×103 3.70×103 3.30×102 3.70×102 4.00×102 3.67×102 

A3 3.20×103 2.80×103 3.30×103 3.10×103 2.50×102 2.80×102 3.00×102 2.77×102 

CU 2.70×103 2.90×103 3.10×103 2.90×103 2.80×102 3.00×102 3.60×102 3.13×102 

U1 2.20×103 3.60×103 4.40×103 3.40×103 3.60×102 3.10×102 3.30×102 3.33×102 

U2 4.80×103 5.20×103 5.60×103 5.20×103 3.70×102 3.50×102 3.60×102 3.60×102 

U3 6.40×103 4.70×104 5.00×104 3.45×104 4.30×102 4.10×102 5.10×102 4.50×102 

Temp (°C) 27.00 26.00 26.00 26.50 28.00 28.00 28.00 28.00 

ppt (mm) 126.00 242.00 635.00 334.33 0.00 0.00 0.00 0.00 

 

3.7. Seasonal Variation in Percent Hydrocarbon 

Utilizing Fungi (% HUF) 

There was increasing trend in population of % HUF from 

April to September. Locations Agricultural Control (CA), 

Mgbuoba (U3) and Onne (I1) recorded the highest levels of 

fungal population increase in the wet season with 66.55%, 

55.88% and 29.99% respectively (Table 8). The minimal % 

value of HUF in wet season was 1.93% in Aluu (A1) and 

ranged from 1.93 % to 66.55 % in Agricultural Control (CA). 

There was a steady population of % HUB in the dry season 

ranging from 0.74% in Aluu (A1) to 13.20% in Control Ag-

riculture (CA) (Table 8). 

 
Figure 6. Seasonal trend in populations of hydrocarbon utilizing fungi (HUF) in soil from agricultural, industrial and urban sites in Greater 

Port Harcourt Area, Rivers State, Nigeria. 
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Table 8. Seasonal variation in % hydrocarbon utilizing fungi (% HUF) in soil from agricultural, industrial and urban sites in Greater Port 

Harcourt Area, Rivers State, Nigeria. 

Sampling site WET   Mean DRY   Mean 

Month April July September Mean Wet December January February Mean Dry 

CI 5.88 1.25 13.08 6.74 8.26 7.22 6.49 7.32 

I1 4.20 7.20 78.57 29.99 1.61 1.22 0.94 1.26 

I2 12.85 16.00 23.33 17.39 3.93 3.88 5.00 4.27 

I3 5.00 10.26 11.51 8.92 8.29 8.79 9.17 8.75 

CA 60.93 66.60 72.13 66.55 14.06 12.86 12.67 13.20 

A1 1.29 2.14 2.36 1.93 0.68 0.66 0.88 0.74 

A2 16.57 6.97 10.00 11.18 10.00 11.56 11.43 11.00 

A3 37.65 35.00 40.24 37.63 5.56 5.71 6.38 5.88 

CU 3.33 3.76 42.47 16.52 6.36 6.38 7.35 6.70 

U1 15.71 25.17 29.33 23.40 11.25 8.61 8.68 9.51 

U2 7.05 7.80 8.75 7.87 7.12 6.14 6.10 6.45 

U3 9.00 78.00 80.64 55.88 11.62 10.51 11.86 11.33 

Temp (°C) 27.00 26.00 26.00 26.50 28.00 28.00 28.00 28.00 

ppt (mm) 126.00 242.00 635.00 334.33 0.00 0.00 0.00 0.00 

 

3.8. Seasonal Trends in THB, HUB, TF, HUF,  

% HUB and % HUF 

Figure 2 shows trend in THB populations over the wet and 

the dry seasons. Generally, there was a slight decrease in THB 

from April to July then an increase from July to September. 

There was a sharp decrease from September through the dry 

season to February. A stable population of THB was observed 

over the dry season. Figure 3 shows the trends in HUB popu-

lation in the wet and the dry seasons. A constant population was 

observed from April to September which was followed by a 

sharp decline in population actress the dry season. A stable 

population of HUB was observed over the dry season. Figure 5 

shows the overall TF trends observed in the wet and the dry 

seasons. There was an increase in population from April to July 

which was followed by a constant population from July to 

September and finally a decline in the TF populations from 

September to December. There was a stable population of TF in 

the dry season. Figure 6 shows trend in change of HUF popu-

lation in the wet and the dry seasons. There was increase in 

population from April to July and a constant population from 

July to September which was followed by a decline in popula-

tion from September to December. There was a stable popula-

tion of HUF in the dry season. Figure 7 shows the trend changes 

in % HUB. The results show that there was a constant popula-

tion all through the wet and the dry seasons. A stable trend was 

observed in wet and dry seasons. Figure 7 shows the general 

trend in changes in % HUF. There was an increase from April 

to September followed by a decrease from September to De-

cember. There was a stable population from December to 

February. 

 
Figure 7. Seasonal trend in percent hydrocarbon utilizing fungi (% 

HUF) in soil from agricultural, industrial and urban sites in Great-

er Port Harcourt Area, Rivers State, Nigeria. 
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4. Discussion of Results 

The present study evaluates the impact of the season on 

fungal and bacterial communities in the Greater Port Harcourt 

Area, Rivers State, Nigeria, in oil tainted soils. The findings 

indicate that the season has been found to influence the 

abundance and community structure of fungi and bacteria in 

the environment. Findings show that seasonality had major 

role in the resilience of microorganism population and diver-

sity in oil tainted soils of the study sites [42]. Figures 2 and 4 

show that the populations of THB and TF increase in the wet 

season and decrease in the dry season. The findings are in 

agreement with the findings of Salazar, Sulman, and Dukes 

[25], who show that climate has a significant role in microbial 

biomass. The results of this study also support the hypothesis 

that rainfall reductions significantly lower soil microorganism 

populations, with fungi being less affected than bacteria. 

Rainfall also has a minor impact on the composition of mi-

croorganism communities but a major impact on the quantity 

of microorganisms [22] as compared to influence by physi-

cochemical parameters. Rainfall increases reduce soil respi-

ration and soil organic carbon, which are positively correlated 

with shifts in the populations of microorganisms. 

Figures 6 and 7 respectively show a contrast between % 

HUB and % HUF in oil tainted soils across a seasonal divide. 

From this observation, it is clear that the community structure 

of fungi and that of bacteria respond differently to seasonality 

in oil tainted soils. In this respect, microorganism communi-

ties respond variedly to different levels of precipitations in 

specified ecosystems with varied biotic and abiotic compo-

nents [5, 20, 27]. These results are close to the findings of Ren 

et al. [22], which show that decreases in rainfall significantly 

reduces bacterial abundance by 1.0 %, but minimally sup-

presses fungal abundance. In comparison, in a separate situa-

tion, the relative abundance percentages for bacteria and fungi 

are both identical between non-contaminated soil and con-

taminated soil [39]. In a different scenario, microbial biomass 

is varied in different seasons being highest in spring following 

this sequence: spring> autumn> winter [17]. Different studies 

have utilized the components of microorganisms to show 

abundance in different seasons. The quantity of total bacteria 

actinomycin and fungal phospholipids fatty acid analysis 

(PLFAs) significantly varies with the seasons and follows the 

sequence order of; summer > autumn > spring > winter [44]. 

Siles and Margesin [30] also indicate greater diversity of 

microorganisms in autumn than spring and this is correlated 

with increased nutrient content observed in autumn compared 

to spring and the presumed high capacity of soil microbial 

communities to respond to distinct environmental changes in 

functional terms [30]. Therefore, soil and tillage factors have 

an effect on microorganisms (activity and biomass) and on the 

community structure [29]. Further, microbial biomass and 

respiration is higher in warmer as compared to cold season in 

turf grass ecosystem [43]. It is suggested that the primary 

determinant of seasonal dynamics of soil microbial biomass 

and operation in turf grass systems, located in the humid and 

warm zone, is the availability of nitrogen rather than climate 

[43]. Different ecosystems therefore harbour numerous mi-

croorganisms with different survival capacities. For instance, 

winter microbe communities demonstrate a greater potential 

for cellulose degradation than summer cultures [18]. 

Therefore, as much as the findings of the current study 

show decline in populations across the wet to the dry seasons, 

there is still much uncertainty surrounding description of 

patterns of microorganism communities to change in rainfall 

patterns in context of different contaminants in the environ-

ment [28, 40, 41]. Since distribution and abundance of soil 

microorganisms is dependent on both biotic and abiotic fac-

tors, it is advisable to consider both precipitation and physi-

cochemical parameters of soil, as a decrease in solute mobility 

constrains the availability of nutrients therefore it inhibits 

flourishment of microorganisms in soil. However, some mi-

croorganisms are tolerant to water stress [23, 45] while others 

are not. The primary impact of seasonal variation on the mi-

crobial soil population largely depends on changes occurring 

at the spatial scale to which the microorganisms are most 

susceptible. In general, the analysis of individual components 

yields more data than the general analysis. 

5. Conclusions 

In conclusion, seasonal changes affect microbial commu-

nity structure, soil properties and microbial populations. We 

observed a distinct seasonal shift for microbial populations in 

oil tainted soils. Seasonality influenced % HUF and % HUB 

in the soils of urban, industrial and agricultural sites of 

Greater Port Harcourt Area. However, the results show that 

there was a stable trend in % HUB as compared to oscillations 

observed in % HUF in oil tainted soils across a seasonal di-

vide. Generally, the seasonality trends showed that there was 

a declining population of THB, HUB, TF, and HUF from the 

wet season to the dry season. We recommend characterization 

of the microorganism to identify the best candidate for bio-

remediation of oil tainted soils across a seasonal divide 

(Wanjala et al., BUC Conference). 
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