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ABSTRACT 

 
This study examined the phytotoxic impact of transmission oil pollution on Oat (Aveena sativa) seedlings growing in 
contaminated soils under 3 different soil moisture conditions of 100% water saturation, 60% and 30% water contents. 
The synergistic role of the microorganism Pseudomonas putida as a bioremediating agent was also examined.  
 
Experimental soil was treated with transmission oil for up to 12 weeks but seedlings were grown and measured on 
weeks 1, 7 and 12 using derno-podzoluivisolic soil collected from forest reserve of the Russian State Agrarian 
University. Results showed that seedlings grown on week 7 and 12 germinated better but had variable growth rates. In 
addition, Pseudomonas putida seemed to improve seedling germination at lower water contents for both weeks. This 
experiment suggests that Pseudomonas putida may be a good candidate for bioremediation. 
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INTRODUCTION  
 
The contamination of soils by petroleum hydrocarbon 
severely hinders plant growth and development, due to 
alteration of the physical and chemical properties of the 
soil, as well as the disruption of soil microbial activities 
(Ekundayo, 2001; Bamidele, 2011; Jain, 2011; Alonge, 
2016). The level of petroleum hydrocarbon 
contamination in the soil directly affects plant growth and 
development. A high level of petroleum hydrocarbon 
contamination initially impairs germination of seedlings 
as a result of the displacement of air and water leading 
to the development of anaerobic conditions in the soil. In 
contrast a low level of petroleum hydrocarbon has a 
positive impact on plant growth and development, as a 
result of the mineralization of organic compounds by 
microorganisms, availability of nutrients, moisture, air 
etc. (Ekundayo, 2001; Ananieva, 2003; Bamidele, 2011; 
Jain, 2011; Athar, 2016). 
 
Several studies have analyzed the effects of crude oil 
contamination on plants using various bio-test plants as 
specimens. These studies focused on the effects of 
various types of petroleum products on seed 
germination, plant growth and phytoremediation 
(Kayode, 2009; Ogbaga, 2016). On the other hand, 
various soil moisture levels were shown previously to 
contribute to the detoxification of diesel-contaminated 
soils (Alonge, 2016).  
 
Oat (Avena sativa) is a C3 crop known to thrive in 
temperate regions and adapted to wide range of soil  
 
 

types. However, it is sensitive to water deficit with 
drought being a major limiting factor for its yield 
(Sanchez-Martin, 2015). There is no known data as 
regards its growth in transmission oil contaminated soil 
particularly in Russian specific derno-podzoluivisolic soil. 
There is also no available data on its seed germination 
when grown under such soil at different soil moisture 
levels. It was hypothesized that transmission oil 
contaminated derno-podzoluivisolic soil would be 
phytotoxic to oat seedling germination and growth. 
 
Pseudomonas putida is a soil bacterium capable of 
degrading environmental pollutants and tolerant of 
organic solvents (Tang, 2011). It has been shown to be 
useful in bioremediation evidenced in its naphthalene-
degrading ability and its adaptability to different habitats 
and nutritional environments (Gomes, 2005; Molina, 
2014). Further, the role of Pseudomonas putida as a 
bioremediating agent was studied using soil from the 
central region of Russia. However, there has been no 
recommendation on the use of the bacterium for 
bioremediation and detoxification under water deficit.   
 
Thus, the aim of the research was to study the 
phytotoxic effects of transmission oil contamination on 
Oats grown under three different levels of soil water 
contents – 100% maximum water holding capacity 
(MWHC), 60% and 30% of MWHC.  
 
2. MATERIALS AND METHODS 
 
Soil: Mixed samples of the top humic-accumulative  
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horizon (А1), and it’s transit horizon (А1А2) of a loamy, 
completely podzolized derno-podzoluivisolic soil, 
collected from Area 4 of the ecological monitoring site, 

located in the experimental forest reserve of the Russian 
State Agrarian University – (MTAA named after K.A. 
Timiryazev) was used (Burinova, 2001) (Table. 1).

 
 

Table 1: Summary of the properties of the derno-podzoluivisolic soil (Burinova, 2001) 

Topography and location 
(coordinates) of the area of 
sample collection 

Horizon Depth Сorg,% рНН2О рНKCL 
Н, mg-
eqv/100g 
soil 

The sample was collected at the 
middle of a slightly steep slope  
(N55° 48' 59.5" 
E037° 32' 59.4")  

А1 + А1А2 0-28 1,26 4,09 3,61 11,90 

 
 
 
Pollutant: Transmission oil, which possessed the 
following properties: density: 950 kg/m

3
, boiling point: 

185 °C, freezing point: -18°C was used. 
 
Microorganism: Pseudomonas putida (strain 91-96) 
was used as the petroleum hydrocarbon degradation 
agent, Pseudomonas putida used for the experiment 
was contained in the bio-preparation Pseudomin. The 
specific strain was first isolated from petroleum 
hydrocarbon contaminated derno-podzoluivisolic soils, 
by the department of Microbiology and Immunology of 
the Russian State Agrarian University – MTAA.  
 
Bio-test Specimen: Oat seeds (Avena sativa) were 
bought from a market in Moscow, Russia.  
 
2.1. Methodology 
 Soil phytotoxicity test was carried out at regular 
intervals by bio-testing the Oat (Avena sativa) seedlings 
(Bamidele, 2011; Jain, 2011; Alonge, 2016; Ogbaga, 
2016). The research was performed in the microbiology 
laboratory of the Russian State Agrarian University-
MTAA 

2.1.2. Experimental Design 
 The soil phytotoxic analysis was performed by 
directly sowing the Oat seeds into soil taken from 
research samples undergoing bioremediation (Table. 3). 
15mg/g of transmission oil was added according to the 
different experimental variants shown in Table 3 and its 
degradation evaluated up to 12 weeks. Five pieces of 
Oat seeds each were sown into Petri dishes containing 
20 g of the derno-podzoluivisolic soil samples according 
to the experimental scheme (Table 2). Soil Moisture 
Contents were estimated using the method of Ogbaga 
and co-workers (Nwachukwu, 2001; Molina, 2014). The 
plates were incubated for 7 days at room temperature, 
after which seedling germination (in %) and growth (in 
cm) were analyzed. Analyses were performed three 
times - in the first, seventh and twelfth week of the 
experiment. The impact of contamination at different soil 
water levels and in some experiments in addition to the 
bioremediating agent, Pseudomonas was evaluated 
(Table 2). 
 
 

 
 

Table 2: Experimental Design 

Soil Moisture Content № of Variant Soil Sample 

100% 

1 Uncontaminated soil 

2 Contaminated soil 

3 Uncontaminated soil + Pseudomonas 

4 Contaminated soil + Pseudomonas 

60% 

5 Uncontaminated soil 

6 Contaminated soil 

7 Uncontaminated soil + Pseudomonas 

8 Contaminated soil + Pseudomonas 

30% 

9 Uncontaminated soil 

10 Contaminated soil 

11 Uncontaminated soil + Pseudomonas 

12 Contaminated soil + Pseudomonas 
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Table 3: The rate of transmission oil degradation in the mixed samples of the top humic-accumulative horizon (А1), 
and transit (А1А2) horizon of the understudy derno-podzoluivisolic soil 
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Total Petroleum 
Hydrocarbon, mg/g 

 
1 

 
8 

 
12 

1
0
0
 1 Contaminated Soil  

0.01 
 
15.0 

2.15 0.54 0.20 

2 Contaminated Soil + Pseudomonas 1.73 0.35 0.19 

6
0
 

3 Contaminated Soil 
 
0.01 

 
15.0 

9.35 2.99 0.84 

4 Contaminated Soil + Pseudomonas 9.18 2.06 0.55 

3
0
 

5 Contaminated Soil 
 
0.01 

 
15.0 

9.54 3.92 1.72 

6 Contaminated Soil + Pseudomonas 9.36 3.55 1.65 

Approximate Safe Exposure Level 4mg/g  

Р05 - 0,04 
 
 
3. RESULTS  
 The phytotoxic analysis of the effect of 
transmission oil contaminated derno-podzoluivisolic soil 

on the germination and growth of Oat seedlings is 
displayed in table 4 below:

 
 

Table 4: The phytotoxic effect of transmission oil contaminated derno-podzoluivisolic soil on the growth of oat 
seedlings under different soil moisture conditions 
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Experimental Variants 

Week 1 Week 7 Week 12  

Number of 
seedlings, % 

Maximum 
length of 
seedling, cm 

Number of 
seedlings, % 

Maximum 
length of 
seedling, cm 

Number of 
seedling, % 

Maximum 
length of 
seedling, cm 

1
0
0
 

1 Contaminated soil 40 6.6 100 8.0 100 8.3 

2 
Contaminated soil + 
Pseudomonas 

40 6.2 100 7.1 100 7.3 

6
0
 

3 Contaminated soil 40 4.0 100 7.0 100 8.2 

4 
Contaminated soil + 
Pseudomonas 

60 4.0 100 6.5 100 8.8 

3
0

 

5 Contaminated soil 0 - 60 5.5 60 6.0 

6 
Contaminated soil + 
Pseudomonas 

0 - 60 4.3 60 6.3 

 
 
 In the first week of petroleum hydrocarbon 
application, experimental variants 3, 4, 5 and 6 had 
higher hydrocarbons relative to the control. However, 
with time, total hydrocarbon degradation occurred such 
that the values recorded in all experimental variants 
were below the approximate safe exposure level of 
4mg/g (Table 3).  
 Analysis of seedlings grown at 60% and 30 % 
soil moisture revealed that with time, both germination 
and growth improved with the addition of Pseudomonas 
(Table 4). By week 12, seedlings grown at those water 
levels with the addition of Pseudomonas tended to grow 
taller relative to those grown in contaminated soil alone 
(Table 4). In contrast, control seedlings grown at 100% 
water saturation were consistently shorter with the 
addition of Pseudomonas compared with those grown in 
contaminated soil alone. However, the number of 

germinated seedlings improved with or without the 
addition of Pseudomonas (Table 4).  
 
4. DISCUSSION  

 Depending on the quantity, petroleum 
hydrocarbon pollution initially impacts negatively on the 
soil, having toxic effects on plants, inhibiting microbial 
activities in the soil and degrading the physical and 
chemical properties of the soil. Gradually the toxic 
effects reduce due to microbial activities in the soil which 
capture the petroleum hydrocarbon as a source of 
energy and food (Berestetskiy, 1971; Ananieva, 2003; 
Alonge, 2016; Ogbaga, 2016). The low level of total 
petroleum hydrocarbon concentration after week 1 of the 
experiment suggests that rapid degradation occurred 
with time. 
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 The indigenous microorganisms of the 
contaminated samples and the inoculated samples with 
Pseudomonas putida, all actively took part in the 
biodegradation of the transmission oil in the 
contaminated soil samples, thereby reducing its toxic 
effect with time on the oat seedlings. Comparative 
analysis of the samples with 60% soil moisture 
displayed a better outcome in contrast to samples with 
30% soil moisture. This suggests that the level of soil 
moisture at 60% may be optimal for intensifying 
microbial activity in mitigating the toxic effect of 
transmission oil (Ogbaga, 2014; Ogbaga, 2016). 
 The phytotoxic effect of transmission oil was 
especially displayed in the samples with deficient soil 
moisture (30%), where a complete inhibition of oat 
seedling germination was observed in both samples 
after the first week of experiment. Over time the toxic 
effect was partially reduced probably due to the 
decomposition of transmission oil by the actions of 
Pseudomonas putida contained in the bio-preparation, 
and the normal soil micro-biota. Ultimately the 
percentage of germinated oat seedlings increased, but 
only up to 60%, and the length of oat seedlings up to 6.3 
cm, suggesting that low soil moisture aggravates growth 
and germination in response to transmission oil 
contamination.   
 Under conditions of total soil moisture 
saturation, the excess availability of water undoubtedly 
influenced the outcome of oat seedling germination, by 
diluting the toxic effect of transmission oil, leading to 
100% oat seedling germination in all soil samples. 
  
CONCLUSION 

 
In summary, analysis of the phytotoxic effect of 
transmission oil contaminated derno-podzoluivisolic soil 
on the germination and growth of oat seedlings, have 
shown a positive impact of the hydrocarbon oxidizing 
microorganism, Pseudomonas putida. Possible role of 
the microorganism in the reduction of the toxic effect of 
transmission oil contaminated derno-podzoluivisolic soil 
on the growth of the Oat seedlings particularly under 
water deficit has been shown. It is suggested that 60% 
water content could be optimal for soil microbial 
activities.  
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