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The aim of the research – assessment of the level of chemical contamination of soils with heavy metals (Cd, Pb, Cu, 

Zn) and assessment of the toxicity of the soils of the recreational areas of Odessa as an indicator of unfavorable effect 

on the health of the population by the integral method of analyzing the quality of the environment object - the biotesting 

method, during which laboratory standardized test objects are used. 

Materials and methods. In this research biotesting of different soil samples was done to determine their phytotoxicity 

according to SSU ISO 11269-1: 2004 and SSU ISO 11269-2: 2002. The content of mobile forms of heavy metals Cd, Pb, 

Cu, Zn was determined according to SSU 4770.3: 2007, SSU 4770.9: 2007, SSU 4770.6: 2007, SSU 4770.2: 2007 with 

ammonium acetate buffer pH 4.8 on an atomic absorption spectrophotometer AAS 115. Also determined: the content of 

humus according to Tyurin (SSU 4289: 2004), nitrogen by nitrifying ability (GOST 26951-86), phosphorus and potas-

sium according to Machigin (SSU 4114-2002); pHN2O (SSU 8346: 2015), the composition of the salt extract (accord-

ing to SSU 7943: 2015, SSU 7908: 2015, SSU 7909: 2015, SSU 7944: 2015, SSU 7945: 2015); granulometric composi-

tion according to Kaczynski (SSU 4730: 2007); the composition of the absorbed bases Ca, Mg, Na (according to GOST 

26487-85, SSU 7912: 2015). 

Results. Soils of the coastal slopes and the largest parks of Odessa, which are located in the areas of influence of high-

ways different in traffic intensity and load, was selected as the objects of the research. In the key areas 8 full-profile soil 

sections and two diggings were laid according to generally accepted methods. In recreazems, the maximum permissible 

concentration of Zinc content was found to be three times higher (key areas 14-PP, section P9), 74 % of the selected 

samples had a very high level of Lead content, the maximum permissible concentration was exceeded. Exceedance of 

the maximum permissible concentration of Cadmium and Copper was not detected. In the research soft wheat seeds 

Triticum aestivum, Antonovka sort and barley Hordéum vulgáre, Dostoiniy variety, was selected as test cultures, test 

reactions in response to anthropogenic impact (laboratory germination, vigor, length of underground and aboveground 

part of seedlings) were recorded. The influence on morphological and physiological characteristics of test cultures, 

which are shown in inhibition of plant, yellowing elevated part of some test cultures was revealed. The toxicity of the 

soils, that was studied for growth inhibition of the aboveground part is assessed by phytotoxic activity mainly as highly 

toxic (Іс = 64-72 %). According to growth inhibition of the underground part of wheat is moderately toxic (Ik = 48-58 %). 

With regard to barley, a non-toxic effect by phytotoxic activity was revealed (Ic = 27-44 % and Ik = 39-49 %), which is 

indicative of the greater durability of barley seeds to contamination by heavy metals. When determining soils toxicity, 

the most indicative is the use of wheat in biotesting compared to barley.  

Conclusions. Soils according to the mean values of growth inhibition indices have the following toxicity: recreazems 

(Ic=–65 %, Ik=–55 %) – hillozems (Ic=–64 %, Ik=–57 %). Recreazems, in which an excess of maximum permissible 

concentration of Zinc was found (4 times more in the Victory park, 2 times in ―Airport’s‖, 1.5 times in parks ―named 

after M. Gorky‖ and "named after T. Shevchenko"), and of Lead (6 times more in the park ―Dukivskiy Sad‖), have the 

highest indicators of phytotoxicity of aboveground part of wheat and are assessed as highly toxic (Ic = 64-72 %). It was 

revealed that the high content of nutrients in the soils of parks (recreazems) does not eliminate the toxic effects of heavy 

metals 
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1. Introduction 

The increase in the area of settlements due to the 

areas that have an active-functional surface and are usu-

ally represented by intact natural and plowed agricultural 

lands, leads to a change in the ecological potential of 

soils on a global scale. One of the tasks of soil scientists 

is to predict the effects of urbanization on global changes 

in the ecological functions of soil cover. The most com-

plete development of research on urban ecosystems and 

the role of soils in them has been achieved by scientists 

from Poland, Germany, USA, Russia [1–5], in Ukraine is 

currently undergoing the development of methodological 

principles for studying the urban ecosystem [6]. 

Soil in the city is one of the main natural re-

sources, which provides the necessary level of socio-

economic development of society, performs specific 

sanitary and environmental functions in the city, which 

affect the health of the population [7]. An indicator of 

deep functional disturbances of urban soils is their con-

tamination with heavy metals that enter the environment 

near highways as a result of fuel combustion, abrasion of 
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mechanical parts of vehicles and road surface. As a re-

sult, most of the mobile forms of heavy metals are fixed 

in the soil-absorbing complex in the upper part of the 

profile of urban soils. Accumulation is facilitated by a 

neutral and slightly alkaline reaction of the soil solution 

and the content of humus in the soil. Pb, Cd, Zn, Cu, Ni, 

Cr, Co are distinguished among the main heavy metals, 

which are found along transport arteries in significant 

quantities [8]. The use of anti-icing compounds on side-

walks and roads in winter has an equally significant ef-

fect on urban soils. Thus, soils, on the one hand, are a 

buffer and geochemical barrier and prevent groundwater 

pollution, and on the other hand, are a constant source of 

pollutants in the atmosphere and plants. 

Assessing the quality of the soil by determining 

the content of chemical elements and their compounds by 

physical and chemical methods provides information 

about their quantity, rather than the toxic effect on living 

organisms, especially plants. Biotesting is considered to 

be an effective method of assessing the potential danger 

of chemical, physical or biological impact on the soil [9]. 

Biotesting is an integrated method of analyzing the quali-

ty of an environmental object, which uses laboratory 

standardized test objects. Under the conditions of the ex-

periment, their reactions in response to anthropogenic in-

fluence are recorded [10]. 

 

2. Literary review 

One of the most relevant areas of urban soil re-

search is to determine the main sources of heavy metals, 

analysis of their distribution in the natural environment, 

especially in soils [11, 12]. Soil pollution changes the 

course of soil formation (inhibits it), sharply reduces soil 

productivity, causes the accumulation of pollutants in 

plants, from which they often enter the human body di-

rectly or indirectly (through plant and animal products). 

Another consequence of soil contamination with heavy 

metals is the weakening of self-cleaning of soils from 

pathogenic organisms, which are sources of dangerous 

diseases [13]. 

As a result of the negative impact of heavy met-

als, oil products and other pollutants on the components 

of the city's environment, there is a change in the activity 

of soil enzymes in urban areas. Studies [14] revealed a 

decrease in urease activity in urbanized soils of Mariupol 

by almost 3 times compared to background soils. It is es-

tablished that the enzymatic activity of the city soils de-

pends on the degree and type of anthropogenic impact. 

The greatest oppression is observed in soil-like for-

mations, sealed soils. There is a close relationship be-

tween humus content and enzymatic activity in all soils, 

regardless of their origin (the higher the humus content, 

the higher the activity) [15, 16]. 

Along with the study of enzymatic activity, which 

correlates with the level of pollution and has a high vari-

ability in time and space, to assess the ecological status 

of soils in urban areas are widely used methods of bi-

otesting using plants as test crops [17]. Biotesting meth-

ods are based on the feedback of living organisms to the 

negative effects of environmental pollutants, help to es-

tablish the level of toxicity of the environment. Various 

plants are used as a test system: common onion (Allium 

cepa) [18], radish (Raphanus sativus var. Sativus) [19], 

sugar sorghum (Sorghum sacchartum), watercress 

(Lepidium sativum) [20], common oat (Avena sativa L.) 

[21], annual aster (Callistephus chinensis (L.) Nees) and 

others [22]. As a result of this type of study, the limits of 

plant growth inhibition, their resistance to pollutants, soil 

phytotoxicity are established. The obtained data should 

be used when creating landscaping facilities in the city 

(especially when choosing the range of plants), measures 

to modernize greenery and reduce phytotoxicity of soils. 

 

3. The purpose and objectives of the study 

The main purpose of the study is to assess the lev-

el of chemical contamination of soils with heavy metals 

(Cd, Pb, Cu, Zn) and to assess the toxicity of soils in the 

parks of Odessa by biotesting methods. 

To achieve this goal, the following tasks were 

solved: 

1) research of the basic physical and chemical 

properties of soils of parks; 

2) determination of indicators of heavy metals 

content in soils; 

3) assessment of the ecological condition of the 

soils of the parks of the city of Odessa according to the 

main indicators (concentration coefficient Kc, total indi-

cators of pollution Zc); 

4) conducting biotesting of soil samples of differ-

ent parks of the city of Odessa with determination of 

their phytotoxicity. 

 

4. Materials and methods of research 

In this study, biotesting of different soil samples 

was determined to determine their phytotoxicity accord-

ing to State Standards of Ukraine (SSU) ISO 11269-1: 

2004 and SSU ISO 11269-2: 2002. The content of mo-

bile forms of heavy metals Cd, Pb, Cu, Zn was deter-

mined according to SSU 4770.3:2007, SSU 4770.9:2007, 

SSU 4770.6:2007, SSU 4770.2:2007 with ammonium 

acetate buffer pH 4.8 on an atomic absorption spectro-

photometer AAS 115. Also we determined content of 

humus according to Tyurin (SSU 4289:2004), nitrogen 

according to nitrification ability (GOST 26951-86), 

phosphorus and potassium according to Machigin (SSU 

4114-2002); pHN2O (SSU 8346:2015), the composition of 

the salt extract (according to SSU 7943:2015, SSU 

7908:2015, SSU 7909:2015, SSU 7944:2015, SSU 

7945:2015); granulometric composition according to Ka-

czynski (SSU 4730:2007); the composition of the ab-

sorbed bases Ca, Mg, Na (according to GOST 26487-85, 

SSU 7912:2015). 

 

5. Research results and their discussion 

The city of Odessa is located within the coastal-

estuary physical-geographical region of the Dniester-Bug 

steppe region of the Black Sea forest accumulative low-

land. The zonal soils of the subzone of the Southern 

Steppe of Ukraine in the area of the Dniester-Bug accu-

mulative forest plain are the southern chernozems, main-

ly low-humus heavy loam (agricultural soil group 71e).  

The object of the study was selected soils of the 

largest parks in the city of Odessa, which are located in 

the areas of influence of highways, different in traffic in-

tensity and load. 8 full-profile sections and two excava-

tions were laid according to the generally accepted meth-
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ods. Key section 19-SSCh – P1 (sloping lands near the 

Chkalov Sanatorium). Key section 10-OR – P3 (square 

near the Odessa Regional Council, under the trees), P4 

(square near the Odessa Regional Council, lawn). Key 

section 35-TR – P5 (park “Dukivskiy Sad”, 69 

Rozkydailivska Street). Key section 11-PDS - P6 (park 

“Dukivskiy Sad”). Key section 12-M411BB – P7 (Me-

morial of 411 coast battery). Key section 13-PA – P8 

(park near the Airport). Key section 14-PP – P9 (“Victo-

ry” park). Key section 15-PG – P1 (excavation of park 

“named after Gorky”). Key section 16-PSH – P2 (exca-

vation of park “named after Shevchenko”) (Fig. 1).  

 

 
Fig. 1. Soil sampling sites 

 

To compare our research on physical and chemi-

cal properties of soils of the city of Odessa, we used the 

average data obtained during the monitoring of soil con-

dition by the Odessa branch of the State Institution “In-

stitute of Soil Protection of Ukraine”, namely the moni-

toring site (MS) No. 17 in the village Lymanka of 

Ovidiopol district, which is represented by zonal soils – 

southern loamy black soil (agricultural soil group 71e). 

The main physical and chemical properties of soils of 

recreational areas of the Odessa city are given in Table 1.  

 

Table 1 

Physical and chemical properties of soils of recreational areas of the Odessa 

No. soil  

section 

Depth of 

sampling, cm 
рНн2о Humus, % 

The content of soil 

particles <0.01 mm, 

% 

Nutrients, mg/kg of soil 

N-NO3 
P2O5 K2O 

according to Machigin 

Р1 0–10 7.10 4.76 36.11 13.62 22.27 332.13 

Р3 0–8 7.20 2.88 36.85 2.37 54.97 332.55 

Р4 0–7 7.10 5.08 34.89 68.73 71.41 674.17 

Р5 0–25 7.10 3.09 37.62 10.12 32.82 311.76 

Р6 0–21 6.80 3.96 43.09 16.03 71.91 1032.59 

Р7 0–45 6.80 3.67 37.64 30.24 5.52 317.59 

Р8 0–30 6.70 3.28 46.86 11.35 2.98 172.89 

Р9 0–50 6.90 2.61 33.62 2.58 24.21 213.53 

P1 0–20 6.80 3.18 39.74 48.99 52.55 359.72 

P2 0–20 6.70 5.79 28.69 12.97 73.21 604.72 

MS No. 17 0–40 7.1 3.19 45.2 2.19 94.46 411.15 
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Concentration coefficient (Cc) and total pollution 

index (Zc) were used to characterize the pollution of en-

vironmental objects [23]. To assess the ecological condi-

tion of soils, the total pollution index is calculated as the 

total number of concentration coefficients. The value of 

the concentration coefficient indicates the activity of the 

processes of leaching (Cc<1) and accumulation (Cc>1) 

of cations and anions of chemical elements in the genetic 

horizons of the soil [24]. Assessment of the ecological 

condition of the soil was performed by gradation: Cc≥5 – 

unsatisfactory condition, Cc 3.0–5.0 – satisfactory,  

Cc 1.0–2.9 – normal, Cc≤1.0 – optimal [25]. The calcula-

tion of the complex indicator of the total pollution Zc 

was carried out taking into account the geometric mean 

concentration coefficients of heavy metals on a geochem-

ical basis. The total pollution rate Zc was estimated by 

gradation [26].  

Maximum allowable concentration (MAC) of 

mobile forms of chemical elements extracted with ace-

tate-ammonium buffer solution with pH 4.8 for Pb 6.0; 

Cd – 0.7; Zn – 23; Cu – 3.0 [27]. The average content of 

heavy metals shows that in almost all parks there is an 

increase in their content. The indicators were not exceed-

ed only for copper. In soil samples taken from the slop-

ing areas near the sanatorium named after Chkalov (P1), 

there is an excess of MAC on the average value of Zn 

content in 6 times (Table 2).  

Exceedance of MAC on the average value of Zn 

content in the samples taken from the park "Victory" 

(P9), 3 times; from the park near the Airport (P8) and 

“named after Shevchenko” (P2) – 1.5 times; from the 

park “Dyukivskiy Sad” (Rozkidaylivska, 69) (P5) –  

3 times. Exceeding the MAC on the average value of the 

content of Pb: the park “named after Gorky” (P1) –  

8 times, the park “Dyukivskiy Sad” (P6 and P6) – 3 and 

5 times, respectively, the park “named after Shevchenko” 

(P2) – 6.5 times, the square near the OOR (flower bed, 

lawn) (P4) – 1.7 times. A slight excess of cadmium con-

tent is found in soil samples from the “named after Gor-

ky” and “named after Shevchenko”.  

 

Table 2 

The content of heavy metals in soils 

No. of soil section Depth of sampling, cm 

Content in soils (mg / kg) 

heavy metals micronutrients 

Pb Cd Zn Cu 

Р1 0–10 4.54 0.36 241.60 0.18 

Р3 0–8 6.89 0.15 13.22 0.92 

Р4 0–7 6.14 0.55 15.02 1.07 

Р5 0–25 50.27 0.86 37.90 1.32 

Р6 0–21 37.79 0.54 18.38 0.93 

Р7 0–45 2.66 0.22 0.89 1.36 

Р8 0–30 4.53 0.21 35.58 0.49 

Р9 0–50 9.74 0.55 87.54 1.33 

P1 0–20 48.32 0.79 25.10 1.37 

P2 0–20 38.90 0.94 38.29 1.58 

MS No. 17 0–40 1.98 0.99 0.63 0.32 

 

According to the value of the concentration coef-

ficient, in the territories of almost all parks CcCd (P9, P8, 

P6, P7, P1, P4, P3, P5) and CcPb (P8, P7) less than 1, the 

content of these metals does not exceed MAC. Cd accu-

mulation occurs in samples P1, P2, MS No. 17; Zn,  

Cu – in all soil samples; Pb – in all, but P8 and P7. Ac-

cording to the gradation [25], the ecological condition of 

the soils of parks P9, P8, P6, P1, P4, P3, P5 is optimal, 

P1, P2 and MS No. 17 – normal by the CcCd coefficient. 

According to CcCu, all parks have an optimal ecological 

condition. According to CcPb, the ecological condition of 

the soils of parks P9, P8, P7, MS No. 17 is optimal, P1, 

P4, P3 – normal, P6 and P5 – satisfactory, P1 and P2 – 

unsatisfactory. According to CcZn, the ecological condi-

tion of the soils of parks P6, P7, P4, P3, MS is optimal, 

P9, P8, P1, P2, P5 – normal, and P1 – unsatisfactory. 

The calculation of the complex indicator of the to-

tal pollution Zc is carried out taking into account the ge-

ometric mean coefficients of concentration of heavy met-

als as a territory on a geochemical basis. According to 

the developed gradation [26] of pollution of the territory 

for the purpose of studying of a state of health of the 

population, it is defined that total indicators of pollution 

ZсZn, ZсCu, ZсCd are within admissible (weak) level of 

danger (Zc <16), and ZсPb – within moderately danger-

ous level (Zc 16–32). 

An effective method of assessing the potential 

hazard of chemical, physical or biological effects on the 

soil is biotesting – an integrated method of analyzing the 

quality of the environment, which uses laboratory stand-

ardized test objects. 

Wheat and barley seeds were selected as test 

crops. During the experiment, test reactions in response 

to anthropogenic influence were recorded: laboratory 

germination, germination energy, length of underground 

and aboveground parts of seedlings, weight of plants in 

wet and air-dry state. The effect on the morphological 

and physiological characteristics of test cultures, mani-

fested in the suppression of plants, yellowing of the 

aboveground part of some test cultures. 

The studied soils differ in the content of not only 

pollutants, but also nutrients that affect plant growth. 

However, in those phases of development that were stud-

ied in biotesting, the vital activity of plants still depended 

almost entirely on the reserve nutrients in the seeds. This 

allowed to some extent to assess the impact on the course 



Scientific Journal «ScienceRise:Biological Science»                                                                               №3(24)2020 

 
8 

of germination of the content of heavy metals contained 

in the studied samples, and can inhibit the growth and 

development of plants. 

Assessment of phototoxicity by Vasilchenko A.V. 

[28] was performed according to the criteria: <20 % – phy-

totoxic activity is not manifested (normal); 20–40 % – 

weak phytotoxicity; 40–60 % – average; >60 % – strong 

phytotoxic activity. The criterion of toxic action is the 

inhibition of seedling growth by 50 %.  

Assessment of soil toxicity was performed on 

seedlings of soft wheat seeds Triticum aestivum, An-

tonovka variety. Analysis of the average values of seed-

ling parameters shows the influence of soil properties 

on the growth of underground and aboveground parts of 

winter wheat plants. The smallest values of root lengths 

differ seedlings in samples P1 and P5 – 11.16 and  

11.43 cm, respectively. In the control, the length of the 

roots was the maximum – 19.54 cm. The influence of 

soil properties was confirmed by the results of analysis 

of variance (Fstudied=38.0, at F05=1.57). All experimental 

variants are significantly inferior to the control over the 

average length of the root, i.e. in all studied soils there 

is inhibition of the growth of the underground part of 

wheat plants. 

The degree of plant suppression is characterized 

by an indicator of phytoxicity that fluctuates inversely 

with the length of roots and / or seedlings. According to 

the level of nitrogen supply, which affects the mass of 

the root system, the control is significantly inferior to 

samples P3, P4, P1, P6, P7. The only exception is the soil 

from section P9. However, the depressing effect of heavy 

metals still manifested itself. The greatest inhibitory ef-

fect in terms of phytotoxicity is significantly observed in 

soil samples P9, P8, P6, P7, P2, P1, P4, P3  

(Ik=52–67 %). Samples from the park “named after Gor-

ky” (P1) and park “Dyukivskiy Sad”, st. Rozkidaylivska, 

69 (P5) evaluated for phytotoxic activity as having a 

slight toxic effect (р>0.05) Хk±mk=19.54±0.31; 

ХP1±mP1=11.16±0.42; ХР5±mР5=11.43±0.37 (Ik=48–49 %) 

(Table 3).  

 

Table 3 

Phytotoxic effect of HM in the soils of Odessa on the growth of soft wheat seedlings Triticum aestivum L. 

Soil sample 
Length, cm Phytotoxic inhibitory activity, % 

roots aboveground part roots, +/- Ik aboveground part, +/- Is half the sum 

Control 19.54±0.31 20.48±0.28    

Р9 12.76±0.44 16.89±0.32 –56 –72 –64 

Р8 15.37±0.40 15.23±0.21 –67 –64 –65.5 

Р6 12.35±0.37 15.25±0.39 –53 –65 –59 

Р7 13.07±0.32 15.37±0.35 –57 –65 –61 

P1 11.16±0.42 15.77±0.46 –48 –65 –56.5 

P2 13.36±0.39 16.15±0.20 –58 –70 –64 

Р1 13.19±0.45 15.21±0.36 –57 –64 –60.5 

Р4 13.17±0.38 15.48±0.52 –58 –66 –62 

Р3 12.27±0.32 15.12±0.37 –52 –64 –58 

Р5 11.43±0.37 13.79±0.30 –49 –58 –53.5 

НІР05 0.83 0.76    

Fstudied 38.0 24.8    

F05 1.57 1.57    

 

According to the effect on the root, samples P5 

and P1 are phytotoxic, their phytotoxicity is determined 

by indices less than 50 %. The remaining samples are 

close to this value, but still do not cross the phytotoxicity 

limit. None of the samples was phytotoxic due to the in-

fluence on the development of shoots. Inhibition of 

wheat root growth is more pronounced than for shoots, 

the difference in soil phytotoxicity indices for roots and 

shoots is 9 %. 

Analysis of the average values of the parameters of 

wheat seedlings shows that the phytotoxic activity of the 

aboveground part of wheat varies within Ik=58–72 %. The 

phytotoxic activity of the underground part of wheat var-

ies within Ik=48–67 % (Fig. 2).  

The half-sum of the inhibition indices of the un-

derground and aboveground part characterizes the total 

effect of heavy metals on plant growth. In terms of the 

total effect on root and shoot growth, the most phytotoxic 

were samples P5 and P1, with indices of 53.5 and  

56.5 %, respectively, while for control, this figure is a to-

tal of 100 %. 

Evaluation of soil toxicity on barley seed seedlings 

Hordéum vulgáre, variety Dostoiniy, also showed a 

significant effect of heavy metals on the growth of un-

derground and aboveground parts of plants, this is 

confirmed by the results of analysis of variance. As in 

the case of wheat, the control was significantly de-

tached from samples with a higher nitrogen content 

but also contaminated with HM. Analysis of the aver-

age values of the parameters of seedlings shows that 

the smallest values of root length are seedlings in the 

sample P6, P4, P1 and 

P5 (р<0.05) Хk±mk=14.03±0.21;  

ХР6±mР6=10.10±0.30; 

ХР4±mР4=10.10±0.42; 

ХP1±mP1=10.87±0.28;  

ХР5±mР5=11.07±0.27.  

Soil samples from the park near the Airport (P8) 

were evaluated for phytotoxic activity as having a slight 

toxic effect (Ik=54 %). All recent soil samples were 

evaluated for phytotoxic activity as non-toxic  

(Ik=39–49 %) (Fig. 3).  
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Fig. 2. Phytotoxic activity of growth inhibition of aboveground and underground part of wheat germ , 

 +/– Is and Ik, % 
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Fig. 3. Phytotoxic activity of inhibiting the growth of aboveground and underground parts of barley seedlings, 

 +/- Іs and Іk, % 

 

 

Phytotoxic activity of the underground part of bar-

ley varies within Іk=39–54 %. Analysis of the average 

values of the parameters of barley seedlings shows that 

the phytotoxic activity of the aboveground part of barley 

varies within Is=27–44 %. 

Toxicity of soils studied for inhibition of above-

ground part growth is assessed by phytotoxic activity 

mainly as highly toxic (Is=64–72 %). By inhibiting the 

growth of underground parts of wheat are moderately 

toxic (Ik=48–58 %). With regard to barley, a non-toxic 

effect on phytotoxic activity was found (Is=27–44 % and 

Іk=39–49 %), which indicates greater resistance of bar-

ley seeds to heavy metal contamination (Table 4). 

The results of research can be used in the creation 

of landscaping, especially at the stage of forming a range 

of plants, preferring those plants that are more resistant 

to environmental pollution. The data can also be used in 

measures to reduce soil phytotoxicity and streamline the 

city's green space system.  

The high content of nutrients in samples P3, P4, 

P1, P6, P7 does not eliminate the toxic effects of heavy 

metals, plants grown on these samples are significantly 

inferior to control and almost do not surpass plants from 

variants with much lower nitrogen content. The existing 

level of pollution significantly determines the intensity of 

growth processes in plants. 
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Table 4 

Phytotoxic effect of HM in the soils of Odessa on the growth of barley seedlings Hordeum vulgare 

Soil sample 
Length, cm Phytotoxic inhibitory activity, % 

roots aboveground part roots, +/- Іk aboveground part, +/- Іs half the amount 

Control 14.03±0.21 25.41±0.17    

Р9 11.17±0.25 13.68±0.39 –44 –43 –43.5 

Р8 13.14±0.34 9.74±0.24 –54 –28 –46 

Р6 10.10±0.30 10.97±0.59 –40 –33 –36.5 

Р7 12.40±0.41 11.58±0.45 –49 –37 –43 

P1 10.87±0.28 11.46±0.57 –41 –37 –49 

P2 11.21±0.34 13.38±0.57 –44 –44 –44 

Р1 11.97±0.56 9.54±0.55 –47 –27 –37 

Р4 10.10±0.42 12.05±0.69 –39 –37 –38 

Р3 12.21±0.34 11.01±0.52 –48 –33 –35.5 

Р5 11.07±0.27 12.88±0.35 –43 –41 –42 

НІР05 0.65 1.04    

Fstudied 17.6 88.6    

F05 1.57 1.57    

 

It should also be borne in mind that the roots of 

the studied plants were generally suppressed to a greater 

extent than the shoots. The average phytoxicity index for 

shoots is –65 %, for roots –55 %. Imbalance in the de-

velopment of underground and aboveground parts is im-

portant for tree plants used in cities for landscaping. If 

the root system is poorly developed compared to the 

aboveground part, it can lead to poor resistance of trees 

to wind or even spontaneous fall of trees, which is very 

dangerous in urban conditions. Thus, the study of the re-

sistance of ornamental rocks to phytotoxic properties of 

soils can be practically valuable and relevant research. 

 

6. Conclusions 

The results of researches of the basic physical and 

chemical properties have established that the indicators 

of the reaction of the soil solution, the content of humus 

and nutrients in the soils of the parks of the city of Odes-

sa are somewhat close to natural analogues. Anthropo-

genic impact on the soils of parks changes their proper-

ties. The accumulation of dust on the surface facilitates 

the particle size distribution. The variability of nutrient 

content is associated with varying degrees of anthropo-

genic impact on different parks. The tendency to alkalize 

the soil solution is also related to human activities. Re-

garding chemical pollution, in the park areas of the city 

there is an excess of several indicators – zinc and lead. In 

such areas, it is advisable to grow perennial grasses 

(lawn grasses) in order to create a continuous grass cover 

to reduce the risk of oral ingestion of these elements. The 

deterioration of the ecological situation of the city of 

Odessa is associated with the uneven location of indus-

trial facilities in the city, a large load of vehicles. The 

largest amount of pollutants comes from highways. In 

general, the ecological situation is satisfactory, as the to-

tal indicators of Cd, Cu, Zn pollution of the soils of the 

parks are within the permissible (weak) level of danger, 

Pb – within the moderately dangerous level. 

Conducted biotesting by the method of germina-

tion of test crops is an effective method of assessing the 

anthropogenic impact on soils. The study revealed plant 

oppression, yellowing of the aboveground part, underde-

veloped seedlings of both wheat and barley. This indi-

cates that there is an impact on the morphological and 

physiological characteristics of test crops of anthropogenic 

soil contamination of parks. Toxicity of soils studied for 

inhibition of aboveground growth is assessed by phytotox-

ic activity mainly as highly toxic (Is=64–72 %). By inhib-

iting the growth of underground parts of wheat are mod-

erately toxic (Ik=48–58 %). With regard to barley, a non-

toxic effect on phytotoxic activity was detected  

(Is=27–44 % and Ik=39–49 %), which indicates greater 

resistance of barley seeds to contamination by heavy 

metals.  

The results of research can be used in the creation 

of landscaping, especially at the stage of forming a range 

of plants, preferring those plants that are more resistant 

to environmental pollution. The data can also be used in 

measures to reduce soil phytotoxicity and streamline the 

city's green space system.  
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