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Abstract: The majority of the studies on the impact of oil contamination on the soil properties were conducted
either on the territories of technogenic pollution or under the laboratory modeling conditions. The study of
the impact of the contamination on the biological properties of ordinary chernozem under the modeling filed
conditions was conducted for the first time. The study found out the negative impact of oil on the biological
properties of  ordinary chernozem. Abundance of Azotobacter, catalase and dehydrogenase activities reduce,
the growth and development of plants worsen. In some cases the stimulation of the root length of radishes is
observed. In most cases the direct dependence between the content of oil in the soil and the degree of
reduction of the studied indicators were noticed. The negative impact of contaminants is already apparent after
10 days from the moment of soil contamination. The strongest negative impact of oil contamination was
observed in 90 days from the moment of contamination. After this period there was a tendency to recover the
biological indicators. However, even after 1150 days the biological properties of  chernozem  do not fully
recover. The indicator of abundance of Azotobacter has the strongest tendency to recovery.
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of the soil

INTRODUCTION They used plots of 1 m  and spaces between the

Most of the studies of the impact of the chemical concentration of oil in the soil they used its percentage.
contamination on the soil properties including oil The maximum permissible concentration (MPC) of oil in
contamination were conducted either on the territories of the soil is not developed. Doses of oil are 0,25; 0,5; 1,0;
technogenic pollution or under the laboratory modeling 2,5;  5,0;  10,0  %  from the mass of the soil. Oil  was
conditions [1-7]. The study of the impact of contamination evenly distributed in plough layer of the soil of every plot.
on the  biological  properties  of  ordinary  chernozem To analyze the dynamics of the biological processes
under the field modeling conditions was conducted for occurring in the soil the soil samples were taken in 10, 30,
the first time. 90, 180, 240, 330, 690, 730, 970, 1030, 1060, 1150 days after

The aim of this research is to analyze the impact of oil contamination. After laying out experimental plots 1
contamination on the biological properties of ordinary month later winter wheat (the variety named Donchanka)
chernozem in the modeling field experience. was sown, next year spring barley was sown, during the

MATERIALS AND METHOD analytical research were carried out with the use of the

To achieve the set objective the field modeling science [8, 9]. Abundance of Azotobacter, catalase
experiments  were  conducted  on  ordinary  chernozem  in activities,  dehydrogenase  and celluloselytic activities,
the Botanical garden of the Southern Federal University the germinating capacity of radishes were analyzed.
on the territory of Rostov-na-Donu (Russia). Bacteria of the Azotobacter genus are traditionally and

2

plots were 0.5 m each, repeated three times. To express the

third year winter wheat was sown again. Laboratory and

methods generally accepted in ecology, biology and soil
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successfully used as an indicator of the chemical The   inhibitory    impact     of   oil   on   the   activity
contamination of the soil. Catalase, dehydrogenase and of  enzymes  is  seen   even   in   inserting   small  doses.
celluloselytic activities show the intensity of different Oil  contamination of the soil mass leads to the changes
biological processes in the soil. The activity of enzymes in chemical composition, properties and structure of soils,
is  the  indicator  of  potential  biological activity of the which explains the inhibitory impact  of oil on the
soil and   the   speed   of   the  decomposition of activities of enzymes. There was also found a high
subgrade characterizes the actual activity. Catalase and sensitivity to contamination of oxidoreductase enzyme
dehydrogenase   belong   to  oxidation-reduction activities, in catalase more than in dehydrogenase that
enzymes-the most sensitive to the chemical was confirmed by other researchers [1]. Thus, introducing
contamination. The germination, the length of roots and the maximum dose of oil-10% by the weight of the soil,
aerial parts of radish plants reflect the phytotoxic catalase activities did not exceed 31% and dehydrogenase
properties of the chemically contaminated soil. Thus, the activities recovered to 75% of the control on the 1150th
presented set of indicators provides an objective and day from contamination.
informative picture of the occurring in the soil biological The  germinating   capacity   of  radishes decreased
processes and its ecological condition in general. to 7% of control on the 180th day from the time of

To combine different  biological indicators the contamination. The length of the roots of radishes in
method of determining the integral indicator of the some cases even grew. Such tendency is observed in
biological condition (IIBC) of the soil was used [10]. almost all the doses of oil at later dates from the time of

The statistical processing of data was performed contamination. It can be explained by the fact that a small
using variance  analysis  followed by determining the amount of the contaminant in the soil may produce a
least significant difference (LSD), correlation and stimulating effect on plant growth and development as the
regression analyses. For the mathematical processing of amount of carbon in the soil significantly increases.
the results of the study the computer program Statistica IIBC is calculated according to the following
6.0 was used. biological parameters: catalase and dehydrogenase

RESULTS Azotobacter.

In most cases there was a negative impact of oil on control.  This  indicator showed the strongest tendency
the biological indicators of ordinary chernozem. As a rule, to recovery. At later stages of monitoring this indicator
there was a specific direct dependence between the recovered completely.
concentration of oil in the soil and the degree of the In order to identify the common patterns of the
reduction of the studied indicators. Oil contamination impact of oil on ordinary chernozems  the integral
caused the decrease in catalase activities (Fig.1) to the indicator of the biological condition (IIBC) of the soil was
maximum of 6% on the 30th day from the moment of determined. Fig. 3 shows the values of IIBC calculated
contamination and dehydrogenase activities-up to 10% of according to the following parameters: catalase and
the control in the period of 90 days. dehydrogenase  activities,   abundance   of  Azotobacter,

activities, germinating capacity, abundance of

Abundance of Azotobacter reduced to 63% of the

Fig. 1: The impact of oil contamination on catalase activities in ordinary chernozem, % of the control.
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Fig. 2: The impact of oil contamination on the germinating capacity of radishes in ordinary chernozem, % of the control.

Fig. 3: The impact of oil contamination on IIBC (the Botanical garden of the Southern Federal University), % of the
control.

germinating capacity. In the calculation of IIBC we did not The most informative  indicator from the studied in
include the indicator of the length of roots of radishes the contaminated  by  oil soil is the germinating capacity
because it is expedient  to  calculate this indicator using of radishes. As it follows from the values of the
the most  informative  values. The lowest value of IIBC correlation coefficients, the majority of the studied
was recorded on the 90th day from the moment of indicators showed a strong degree of correlation. Such
contamination. In subsequent periods the tendency to biological indicators as catalase activities, dehydrogenase
recovery of the biological properties of chernozem is activities, germinating capacity should be used to monitor
observed. However, the full recovery of the biological the condition of the soils, contaminated with oil.
properties does not occur even in 1550 days after The sensitivity of the indicator was estimated by the
contamination. degree of reduction of its values in different variants in

The   informativeness    of    the    biological comparison with the control. The values of the degree of
indicators was  estimated  by  the  correlation  between the reduction of the studied biological indicators are
the  indicator and the oil content in the soil. The given in Table 2.
correlation coefficients of the studied parameters are By the degree of sensitivity (the degree of the
presented in Table 1. reduction of the values) to the contamination of

By  the  degree  of informativeness (by the chernozem by oil the biological properties form the
narrowness  of  the  correlation  between  the  indicator following sequence: catalase activities > dehydrogenase
and  the  content  of the contaminant in the soil) the activities>germinating capacity> root length> abundance
studied biological  indicators  are  arranged  in  the of Azotobacter. The most sensitive indicator was catalase
following way: germinating capacity > catalase activities activities, the least sensible-abundance of Azotobacter.
> dehydrogenase activities> root length > abundance of Similar patterns were discovered earlier under the
Azotobacter. laboratory conditions [11-15].
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Table 1: The correlation coefficients (r) between the oil content in the soil and the studied parameters (  = 0,05) 

Period, days

----------------------------------------------------------------------------------------------------------------------------------------

Indicator 10 30 90 180 240 330 690 730 970 1030 1060 1150 Average value

Catalase activities -0,78 -0,89 -0,90 -0,92 -0,90 -0,91 -0,92 -0,97 -0,96 -0,96 -0,95 -0,95 -0,92

Dehydrogenase activities -0,87 -0,97 -0,90 -0,91 -0,89 -0,87 -0,85 -0,74 -0,75 -0,64 -0,84 -0,85 -0,84

Germinating capacity -0,87 -0,98 -0,90 -0,91 -0,87 -0,82 -0,96 -0,93 -0,98 -0,99 -0,97 -0,99 -0,93

The length of roots -0,49 -0,92 -0,82 -0,88 -0,89 -0,76 -0,84 -0,93 -0,50 -0,96 0,08 -0,03 -0,66

Abundance of Azotobacter 0,14 -0,50 -0,60 -0,52 -0,94 -0,38 -0,87 -0,79 -0,56

Table 2: The degree of the reduction of the studied biological indicators in oil contamination (values are averaged over doses), % of the control. 

Period, days

----------------------------------------------------------------------------------------------------------------------------------------

Indicator 10 30 90 180 240 330 690 730 970 1030 1060 1150 Average value

Catalase activities 46,0 57,4 61,3 61,0 65,9 65,0 61,9 69,8 71,6 72,2 74,7 75,9 65,2

Dehydrogenase activities 55,9 71,4 56,6 68,3 63,9 70,1 75,9 74,6 77,2 82,8 88,3 87,5 72,7

Germinating capacity 67,6 84,6 63,1 59,0 67,6 70,6 70,8 79,3 83,1 87,2 85,0 83,9 75,1

The length of roots 103,6 65,6 54,7 60,9 63,9 52,0 57,9 100,1 73,6 85,9 108,6 107,1 77,8

Abundance of Azotobacter 83,6 92,4 75,7 77,0 85,1 79,9 97,6 98,3 86,2
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