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Abstract
The study was carried out in the Republic of Tatarstan (Povolzhsky Federal District of
the Russian Federation) in the conditions of grey forest medium loamy soil with weakly
acidic reaction of the environment, low humus content, increased and average content
of mobile forms of phosphorus and potassium respectively. The soil was intentionally
polluted with oil at the rate of 10, 20 and 40 l/m2. Close negative correlation of spring
wheat yield from oil dose (R2=0,945...0,997) and positive dependence on the statute of
limitations of single soil contamination (R2=0,713...0,993) was established. The possibility
of gradual, though slow, natural elimination of phytotoxicity of oil-contaminated grey
forest soil without special methods of recultivation is noted. The content of nitrogen,
phosphorus and potassium in spring wheat plants under the influence of oil pollution
has not changed significantly, but accumulation of carcinogenic substances in them
was found. It is indicated that for the objective assessment of detoxification of
oil-contaminated soils it is necessary to take into account not only the productivity of
plants, but also to study in depth the chemical composition of the crop.

1. Introduction

Oil and petroleum products are the most common pollutants in the environment, includ-
ing soil cover [1, 3, 8, 9]. Pollution of land with oil and oil products has a complex negative
impact on the soil, worsening its agrochemical, agrophysical, biological properties
[2, 3, 8, 11, 12], and directly oppressing the plant itself [4, 7, 10]. in the end, oil pollution
leads to the total or partial death of crops for many years. However, in some cases,
in some cases, oil substances have stimulated plant growth [5]. Conflicting information
about the influence of oil pollution on plant productivity and poor illumination of its
effect on the chemical composition of the crop [3, 6], served as an impulse for our
study.
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2. Materials and Methods

The research was carried out in 2004--2017 in the pilot field of Kazan State Agrarian Uni-
versity, located in the pre-Cameroon agro-production zone (Predkamye) of the Republic
of Tatarstan (RT). The Predkamye of the Republic of Tatarstan occupies the northern
part of the republic: the Predkamye River is limited to the southwest of the country. It is
located in the Volga River, in the south -- in the Kama River. The relief is a low, dumpy
plain, the highest altitude of which reaches 240...280 m. Its area is 21.8 thousand km2,
which is 32.2 % of the total area of the Republic of Tajikistan. The main part (67 %) of the
agricultural lands of the Predkamsk zone is located on various subtypes of grey forest
soils.

In terms of thermal resources, the Predkamye region belongs to the temperate-
cool zone of the republic: the average annual air temperature is 2.5 ∘C, the sum
of temperatures above 10 ∘C is 2150. Annual precipitation is 440 mm. The amount
of precipitation during the growing season varies within the limits of 245...265 mm,
the hydrothermal coefficient (HTC) is slightly higher than one. Average duration of
vegetation period is 160 days, average thickness of snow cover is 39...44 cm.

Vegetation periods in the years of spring wheat cultivation differed significantly in
terms of the main meteorological indicators -- average monthly air temperature and
amount of precipitation. The most favorable weather conditions were in 2009 and
2005, while the least favorable ones were in 2013. In particular, in June 2013, the
high air temperature was accompanied by a large deficit of precipitation (37 % of
the multiyear average) during the whole month, and in 2005, the June precipitation
exceeded the mean multiyear values by 1.6 times with a favorable temperature regime.
In the Predkamye region of Tajikistan, as our research has shown, June precipitation
largely determines the productivity of spring wheat.

Soil of the pilot plot is grey forest middle-loam with weakly acidic reaction (pH=5.4).
Before oil pollution (May 2004), it had a low humus content (2.91 %), an increased content
of mobile phosphorus (129 mg/kg) and an average of mobile potassium (115 mg/kg).

Field trial plots are bottomless boxes deepened in the soil to a depth of 30 cm. The
plot area is 0.50 m2, the width of the protective strips is 1 m. Repetition of the experience
is fourfold. To pollute the soil, we used commercial oil prepared by Jalilneft Oil and Gas
Production Department (NGDU) with the following parameters: density at 20 ∘C -- 0.885
g/cm3, mass fraction of water -- 0.06 %, mass fraction of sulfur -- 3.08 %, concentration of
chloride salts -- 37 mg/dm3. Soil was intentionally polluted in May 2004 from pacчIeтa
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10, 20 and 40 liters of commercial oil per 1 m2. These doses, as our previous studies
have shown, correspond to low, medium and high levels of contamination.

The effect of oil pollution on crop productivity was studied in crop rotation: spring
wheat -- barley -- spring rape -- millet. This report summarizes information on the
impact of oil pollution on the yield of soft spring wheat (Triticumaestivum L.), which was
cultivated according to the crop rotation scheme, 1, 5, 9 and 13 years after the oil
contamination of the soil. Seeding rate was 5.5 million germplasm seeds per hectare,
seed placement depth was 5 cm. All works in experience were performed manually,
adhering to the zonal agricultural machinery to the maximum extent possible.

3. Results and Discussion

The data in Table 1 show a strong negative impact of single oil pollution on the yield
of spring wheat during the whole period of observation. There was a very noticeable
dependence of the yield on two factors on the polluted soil: the oil dose and the age
of contamination. In this case, the term "age of contamination" should be understood to
mean the length of time elapsed from the moment of soil contamination to the sowing
of agricultural crops.

Table 1: Influence of single oil pollution of grey forest soil on grain and spring wheat straw yield and
longevity.

Oil dose, l/m2 Years and years of contamination*

2005 (1 year) 2009(5 years) 2013(9 years) 2017(13 years)

Yield of grain, g/m2

0 -- control 262 100 289 100 193 100 242 100

10 114 44** 150 52 162 84 215 89

20 0 0 61 21 103 53 181 75

40 0 0 6 2 56 29 111 46

MED05(g/m2) 22 19 11 15

Straw yields, g/m2

0 -- control 304 100 335 100 208 100 250 100

10 201 66** 224 67 183 88 232 93

20 0 0 110 33 163 78 220 88

40 0 0 30 9 154 74 143 57

MED05(g/m2) 27 23 13 19

Note: * -- contamination time -- time elapsed from the moment of soil contamination to the sowing of
agricultural crops; ** -- numerator in g/m2; denominator -- percentage of the control level.
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To illustrate the close dependence of spring wheat productivity on oil doses, it is
enough to look at the yield of spring wheat in 2017, sown 13 years after a single
contamination. Thus, if on the control (uncontaminated) soil grain yield was 242 g/m2,
on soils that received 10, 20 and 40 l/m2 of oil, it was 215, 181 and 111 g/m2, respectively.
The presence of close negative dependence of grain yield and spring wheat straw on
oil doses is illustrated by the graphs in Fig. 1.

Between the doses of oil and the yield of grain and straw in spring barley there
was a close negative dependence, as evidenced by the trend line and the value of
the coefficients of determination (R2). The correlation closely did not decrease with the
aging of oil pollution. The coefficients of determination of grain and spring wheat straw
yield from oil doses ranged from 0.7305 to 0.9973.

Let's consider the character of action of another factor, which had a strong influence
on the yield of spring wheat on oil-contaminated soil -- the age of contamination. In
the conditions of our experiment the limitation of oil pollution fluctuated from one to 13
years (table 1).

One year after the pollution (2005) the yield was obtained only on slightly polluted
soil (10 l/m2). From this minimum dose grain yield decreased by 56 %, and straw -- by
34 %, in connection with what the ratio of "straw: grain" has expanded: if on the control
it was equal to 1,16, on the oil-contaminated soil -- 1,76. At the next two levels of oil
pollution (20 and 40 l/m2) the seeds of spring wheat did not ascend.

In 2009, the seeds of spring wheat did not climb up. (5 years old) spring wheat plants
appeared at all three levels of contamination, which indicates a marked decrease in soil
phytotoxicity over the past 5 years after contamination. Thus, if the average level of
pollution (20 l/m2) in 2005 was not a yield, then in 2009 in relation to the control the
yield of grain and straw was 21 and 33 %, respectively.

In 2009--2013, the relative yield (as a percentage of the level of control) at all three
levels of pollution increased by about 27--32 %, bringing the yield of spring wheat grains
on lightly polluted soil quite close to the benchmark level (84 %) in 2013.

The wheat yield data for 2017 confirms the earlier trend of a gradual increase in
relative yields as the age of contamination increases. In 2017, grain yields, especially
straw, came close to the benchmark level (uncontaminated soil). At the same time, the
decrease in grain yields, even from low pollution, remained statistically reliable.

Thus, the yield data of 2005, 2009, 2013 and 2017 indicate a gradual detoxification
of oil-contaminated grey forest soil in the Predkamye region of the Republic of Tatarstan
without any methods of recultivation at all tested levels of pollution (10, 20 and 40 l/m2).
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Figure 1: Dependence of spring wheat yield on oil doses in grey forest soils.

The most obvious gradual approach of spring wheat yield on oil-contaminated soils to
the level of control (uncontaminated soil) is illustrated by the materials of Figure 2.
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As it can be seen, there is a very close positive dependence of spring wheat yield on
the age of oil pollution. As the oil pollution aging, the yield of grain and straw gradually
increased. During all the years of research, the yield of straw increased at a higher
rate. The coefficients of determination (R2) of grain yield from the age of contamination,
depending on the initial level of contamination, ranged from 0.913 to 0.993. In the same
way, oil pollution prescription also influenced the yield of straw (R2=0.713...0.951).

Thus, the negative impact of single oil pollution of grey forest soil at the rate of 10,
20 and 40 liters/m2 on the yield of wheat has manifested itself during 13 years, at the
same time, the approach of yields to the level of control, which indicates the possibility
of gradual elimination of phytotoxicity of oil-contaminated soil without recultivation.

The analysis of data on the influence of single oil contamination of grey forest soil
with doses of 10, 20 and 40 l/m2 on the structure of spring wheat yield showed that the
decrease in grain yield was caused by deterioration of all elements of the yield structure:
the number of plants and ears per unit area, the number of grains in the ear and the
weight of 1000 grains (Table 2). Depending on the initial level of oil pollution, the rates of
reduction of these crop structure indicators were different. From the minimum dose of
oil (10 l/m2) all four elements of the yield structure decreased in approximately the same
degree. The average dose of oil (20 l/m2) had the greatest reduction in the number of
plants and ears per unit area. In the case of soil contamination with the maximum dose
of oil (40 l/m2), the number of grains in the ear and the number of ears per unit area
decreased the most. At all levels of soil contamination, oil had the least impact on the
mass of 1,000 grains.

Table 2: Impact of old oil pollution on spring wheat harvest structures (2017)*.

Experiment
variants

Number of plants,
pcs./m2

Number of spikes,
pcs./m2

Number of grains
in spike, pcs.

Weight: 1000
grains, g

0 -- control 344 351 18.0 38.3

10 329 337 17.2 37.1

20 304 305 16.3 36.3

40 271 266 13.2 31.6

Note: * the age of contamination is 13 years.

When assessing the impact of oil pollution on crops, it is important to know not only
the change in yield, but also the chemical composition of the crop. Under the influence
of the old oil pollution the content of nitrogen, phosphorus and potassium in the plants
of spring wheat did not decrease, on the contrary, a tendency of its weak increase was
revealed, however, these changes appeared to be statistically insignificant (Table 3).
Thus, the oil pollution of 13 years ago did not have a significant influence on the content
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Figure 2: Correlation of spring wheat yield from the age of oil contamination of forested soils (2005--2017).

of nitrogen, phosphorus and potassium in the crop, but it had a strong influence on the
content of a number of substances with a significant carcinogenic potential.

The study revealed the presence of five benzo(a)pyrene homologists in spring wheat
grain: 5-methylchrysene, dibenzo(a,h)anthracene, chrysene, indeno[1,2,3-c,d]pyrene,
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Table 3: Total nitrogen, phosphorus and potassium content of plant growing wheat, depending on the level
of initial contamination* of grey forest soil with oil (2017).

Oil dose,
l/m2

Total content for absolutely dry weight, %

grain srtaw

nitrogen phosphorus potassium nitrogen phosphorus potassium

0 -- control 2.24 0.87 0.70 0.44 0.17 0.96

10 2.27 0.88 0.71 0.44 0.17 0.96

20 2.30 0.89 0.74 0.44 0.18 0.98

40 2.32 0.90 0.75 0.45 0.18 0.99

MED05 F<F05 F<F05 F<F05 F<F05 F<F05 F<F05
Note: * -- Soil contaminated in 2004.

benzo[g,h,i]perylene, among which the first two compounds have the highest car-
cinogenic potential. There is a close relationship between the doses of oil and the
homologues of benzo(a)pyrene. For example, if the content of dibenzo(a,h)anthracene
in the grain has increased by almost 40 times in the case of an oil dose of 20 l/m2,
and in the case of soil contamination by a dose of 40 l/m2, it has increased 87 times in
comparisonwith the control level (uncontaminated soil). The content of other substances
in wheat grain -- indeno[1,2,3-c,d]pyrene -- was slightly less correlated with the doses
of oil: if a single dose of oil (20 l/m2) increased its content by a factor of 10, the double
dose (40 l/m2) was 15 times.

4. Conclusion

The sharp increase in carcinogenic substances in spring wheat grains grown 13 years
after oil contamination with doses of 20 and 40 l/m2 is of great concern. Therefore,
determining the degree of detoxification of oil-contaminated soils by the content of
basic nutrients in plants and yield is clearly insufficient to objectively assess the fer-
tility recovery of such soils. For objective assessment of agroecological safety of oil-
contaminated soils it is necessary to carry out further in-depth studies of the chemical
composition of growing vegetation, first of all, regarding the presence of carcinogenic
substances in them.
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