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Вивчено на прикладі озимої пшениці генетичні наслідки забруднення важкими металами територій 

впливу викидів промислових підприємств. Частота видимих мутацій перевищує контрольні показники в 

2,1–4,9 рази. Типовий спектр їх типів – пізньостиглість, високо- і низькорослість, довгий, щільний, нещі-

льний колос, може бути використаний як індикатор забруднення навколишнього середовища важкими 

металами 

Ключові слова: Triticum aestivum, мутаційна мінливість, важкі метали, мутації, мутагени, генетичні 

наслідки 

 

1. Introduction 

The ecological situation in Ukraine is character-

ized with considerable anthropogenic loads of the envi-

ronment in the form of mutagens of physical and chemi-

cal nature. Total contamination of air, soil, drinking wa-

ter and foodstuffs with xenobiotic substances resulted in 

genetically explained pathology, which can be seen in 

inborn defects of the development, cytogenetic disorders 

in germinal and somatic cells [1]. The situation is partic-

ularly dangerous in the areas of intensive industrial pro-

duction – Zaporizhia, Dnipropetrovsk, Donetsk, Ivano-

Frankivsk, Luhansk and Kharkiv regions, where dis-

charges of industrial businesses amount to 8 % of con-

taminating substances of the country, and discharges per 

person are 140.2 kg [2]. A large share of them belongs to 

heavy metal ions which enter the atmosphere as spray 

and remain in large amounts in the soil; the latter proves 

the main tendencies in long-term contamination process-

es [3, 4]. To prevent negative biological consequences of 

the industrial effect on the environment, it is expedient to 

make mutagen estimation of soil surface with the possi-

bility to further predict inherited changes in the genera-

tions to come [5, 6].  

  

2. Literature review 

One of the pre-conditions of the analysis and pre-

diction of the contamination level in industrial centers is 

a thorough control over the concentration of heavy metal 

ions, as the most toxic and aggressive contaminating sub-

stances [7]. Their entry into the plants is accompanied by 
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the damage of ultra structure and functioning of cell or-

ganels, changes in cell metabolism, growth and devel-

opment depression, productivity decrease. One of the 

main mechanisms of heavy metal toxic effect is their in-

teraction with SH-groups of proteins, which leads to the 

change of macromolecule conformation, enzyme inacti-

vation, damage of membrane structure as well as ty-

lakoidal membranes of chloroplasts, and this can be the 

reason for expression deregulation of chloroplast genes, 

and as a result, the decrease of rate of photosynthesis  

[8–13]. In addition to direct toxic effect of heavy metals, 

occurrence of physiological and functional and morpho-

logical anomalies, increase of general disease incidence, 

there are some remote impacts which concern the major 

functions of living systems – reproduction and productiv-

ity, generative characteristics and mortality.  

Most of the researches were aimed at studying 

the level of heavy metal accumulation in the soil, water 

reservoirs and plants depending on the distance from a 

contamination source [14]. There are also a number of 

facts which prove the toxic effect of some ingredients 

of environmental contamination on cytogenetic and bi-

ochemical systems of cultured plants in the process of 

ontogenesis. They helped confirm the availability of 

high induction frequency of synergic and antagonistic 

effects in the conditions of mutual influence of low 

concentrations of lead and cadmium on plants, and the 

fact that these effects determine the occurrence of ge-

netic disorders in the studied area. In most investiga-

tions mutagen activity of double effect of heavy metals 

on the plants is studied [15], whereas triple and multiple 

effect has not been studied.  

In the monitoring system of environmental muta-

gens, genetic researches take an important place; they 

make it possible to estimate the consequences of the joint 

effect of low concentrations of heavy metal ions on 

plants on cell and molecular levels in natural conditions 

for the present-day generation and for the generations to 

come [1, 15, 16]. To do monitoring of real environmental 

contamination with genetically dangerous compounds, 

plant test-systems, soft wheat (T. aestivum L.) is includ-

ed, suit the best [17, 18]. 

With this in view, it is expedient to study genetic 

consequences of environmental contamination with 

heavy metals of industrial discharges from the point of 

view of the disorders of generative functions of genetic 

apparatus, induced by these effects, and to register a visi-

ble mutation level in several successive generations. 

 

3. Aim and research problems 

The purpose of the research was to study genetic 

consequences of soil contamination with heavy metals in 

the zones of industrial discharges according to frequency 

and spectrum of visible mutations of winter wheat.  

To reach this goal, the following tasks were im-

plemented: 

– The record of winter wheat mutations in genera-

tions М2-М3,, which were affected by regular effect of 

soil contamination with heavy metals in the area of in-

dustrial discharges, was kept ; 

– Frequency and spectrum of mutant types, when 

plants of generation М1 were grown on the plots contam-

inated with heavy metals, were studied; 

– Spectrum of winter wheat mutations, which 

could be used as typical indicators of industrial soil con-

tamination with heavy metals, was identified. 

 

4. Materials and methods 

To study mutagenic activity of soil contamina-

tion with heavy metals of industrial discharges, in 

2012–2013 winter wheat varieties Al’batros odes’kyi 

and Zymoiarka were grown 5 km from Burshtynska 

TPS on the axis of air mass flow, within the industrial 

areas of SC (stock company) “Poltavchimmash”, SPC 

(state-run production company) “Specialized company 

for thermal processing of firm household garbage” in 

Kharkiv city, SJC (stock joint company) “Luhansk ac-

cumulator producing company”, UC (utility company) 

“Lubny water supply station” and near B. Khmelnytskyi 

Street in Kostiantynivka. The analysis to determine 

heavy metal content in soil samples was made in the 

department of agro-ecology and analytical research at 

NSC “Institute of Agriculture of NAAS” using the 

methods which correspond to the legislative enactments 

of Ukraine. The concentration of lead mobile forms in 

the areas adjacent to Burshtynska TPS was 1.5 CPC 

(critical permissible concentration). The content of zinc 

and lead in the soil of the industrial zone of SC “Polta-

vchimmash” exceeded CPC by 40.9 and 12.8 times, 

correspondingly; that of cadmium in the industrial zone 

of SPC “Specialized company for thermal processing of 

firm household garbage” in Kharkiv city – by 13 times; 

the content of cadmium, lead, copper, nickel, zinc in the 

soil near SJC “Luhansk accumulator producing compa-

ny” – by 13.0, 5.5, 5.8, 4.4, 5.6 times, correspondingly; 

cadmium content in the soil near UC “Lubny water 

supply station” – by 9.8 times; that of zinc, lead and 

cadmium in the soil near B. Khmelnytskyi Street in 

Kostiantynivka – by 20.2, 17.0 and 10.5 times, corre-

spondingly. The territory of the experimental farm of 

the Institute of Plant Physiology and Genetics of 

Ukraine’s NAS (Hlevaha, Vasylkiv district, Kyiv rgn.), 

where spontaneous level of mutation variability of win-

ter wheat had been studied for many years, was taken as 

the control.  

The first plant generation (М1) was grown by 

full sowing on the contaminated areas. The plants of 

generation М2 and М3 were grown in families which 

helped identify macro- and micro mutations and keep 

record of them. A family meant a group of plants re-

ceived from seeds of one spike. Various cases of muta-

tions were the plants which differed phenotypically 

from initial forms within one family. All families of 

the plants with changed signs were carefully examined 

during major stages of their growth and development. 

Frequency and spectrum of mutation forms of only 

generation М3 were recorded after checking the inher-

itance of changed signs as to the correlation of a num-

ber of families with mutant plants to the studied fami-

lies of generation М2. 

Mathematic data processing and correlation anal-

ysis were made using traditional methodology [19, 20]. 

The adequacy of the difference between averages of ex-

perimental variants and the control was estimated by the 

standard of Student and Fisher. Averages and their stand-

ard deviations are given in the tables. 
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5. Results of the research 

Regular effect of soil mutagens, in particular 

heavy metals, in the area adjacent to Burshtynska TPS, 

caused significant increase of a visible mutation level in 

generation М2-М3 of Al’batros odes’kyi winter wheat. 

Mutation frequency exceeded spontaneous indicators by 

3.9 times, and was 3.89±0.44 % (Table 1). 

The increased level of mutation variability of win-

ter wheat was recorded on the contaminated soil in the 

areas of other industrial companies. Increased content of 

lead and zinc ions in the soil near SC “Poltavchimmash” 

caused the increase of mutation frequency of varieties 

Al’batros odes’kyi and Zymoiarka up to 3,93±1,11 % 

and 1,63±0,81 %, which was more than the control by 

4.9 and 2.1 times, respectively. The increased content of 

heavy metals in the soil near B. Khmelnytskyi Street in 

Kostiantynivka, in the industrial zone of SPC “Special-

ized company for thermal processing of firm household 

garbage” Kharkiv city, in the area of SJC “Luhansk ac-

cumulator producing company”, near UC “Lubny water 

supply station” can explain the induction in plants М2-М3 

variety Zymoiarka 3.18±0.87 %, 2.42±0.69 %, 2.20± 

±0.66 %, 2.65±0.76 % of mutant families, which is high-

er than spontaneous level indicators by 2.9–4.1 times. 

Analyzing mutation frequency of winter wheat, grown 

on the soils contaminated with industrial discharges, 

one can assume that its level is determined by both the 

concentration and the spectrum of heavy metal ions. 

Winter wheat grown near B. Khmelnytskyi Street in 

Kostiantynivka appeared to have the highest level of 

visible mutations – 3.18±0.87 %, where the most inten-

sive contamination with three heavy metals – zinc, lead 

and cadmium – was recorded. Heavy metal scattering in 

the city itself is connected with the operation of “Ukr-

zinc” which results in reasonable and very dangerous 

contamination levels of its district [21]. A significant 

increase of the mutation variability level of the plants 

grown near UC “Lubny water supply station”, SPC 

“Specialized company for thermal processing of firm 

household garbage”, SJC “Luhansk accumulator pro-

ducing company” can be associated with the increased 

concentration of cadmium ions in the soil.  

 

Table 1 

Frequency of visible mutations (М2-М3) of winter wheat when the soil is contaminated with heavy metals of industrial 

discharges (2012–2013) 

Effect variant 
No of studied 

families, pieces 

No of mutant 

families, pieces 

Frequency of mutant 

families, % 

Al’batros odes’kyi 

Hlevaha (control) 506 5 0,99±0,45 

5 km from Burshtynska TPS 514 20 3,89±0,44* 

Hlevaha (control) 494 4 0,81±0,40 

SC “Poltavchimmash” 305 12 3,93±1,11* 

Zymoiarka 

Hlevaha (control) 522 4 0,77±0,38 

SC “Poltavchimmash” 245 4 1,63±0,81 

B. Khmelnytskyi Street in Kostiantynivka 408 13 3,18±0,87* 

SPC “Specialized company for thermal processing of 

firm household garbage”, of Kharkiv city 
495 12 2,42±0,69* 

SJC “Luhansk accumulator producing company” 501 11 2,20±0,66* 
UC “Lubny water supply station” 452 12 2,65±0,76* 

Note: * – difference as to the control is statistically true at Р≤0,05 

 

High frequency of visible mutations of winter 

wheat, induced by soil contamination with heavy metals, 

was characterized with a wide spectrum of their types: 

1) high-grown,  

2) low-grown,  

3) intensive growth,  

4) early ripening,  

5) average early,  

6) late ripening,  

7) long spike,  

8) short spike,  

9) dense spike,  

10) loose spike,  

11) cylindrical spike,  

12) square-headed spike,  

13) spelt spike,  

14) twisted spike axis,  

15) awned spike,  

16) semi-awned spike,  

17) awnless spike,  

18) additional spikes,  

19) antocyanin awn,  

20) antocyanin spike husk,  

21) wide leaf,  

22) yellow peak of a flag leaf,  

23) light-green leaf,  

24) lack of wax film. 

 

In the conditions taken as the control, spectrum, 

depending on plant genotype, contained 3–5 mutation 

types. The largest number of visible mutation types of 

winter wheat Al’batros odes’kyi was recorded under the 

effect of soil contamination with heavy metals on the ter-

ritory adjacent to Burshtynska TPS (Table 2). Such muta-

tions as high- and low-grown, dense, short and square-

headed spike were predominant (fig. 1). Their level sta-

tistically exceeded the control indicators (0.00–0.40 %) 

and ranged within 0.78–1.56 %. Mutation spectrum in-

cluded a great deal of inherited changes, connected with 

structural spike changes: long, loose, cylindrical spike; 
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the frequency was 0.20–0.58 %, whereas their frequency 

in the control was 0.00–0.20 %.  

The occurrence of mutations according to the 

duration of vegetative period can be connected with 

the consequences of soil contamination near Burshtyn-

ska TPS; although they were not found under sponta-

neous mutagenesis in the control. Frequency of aver-

age early and late ripening forms was equal to 0.39 % 

and 0.58 %, respectively. Awnless and semi-awned 

pike, intensive growth were seen among mutations 

with quite a low frequency (0.20 %). Original and rare 

mutations were found with the same frequency: wide 

leaf, yellow peak of a flag leaf. The induction of sev-

eral mentioned mutations and the lack of the men-

tioned visible inherited changes in the control prove 

the fact of their occurrence under the effect of soil 

contamination with discharges of Burshtynska TPS. 

However, low frequency of the occurrence of original 

and rare mutations, their lack under the effect of soil 

contamination with discharges of other companies 

make it impossible to use them as universal indicators 

of environmental contamination with heavy metals.  

The largest number of mutant types – 14 – was 

recorded in winter wheat Zymoiarka grown on the terri-

tory of UC “Lubny water supply station” (Table 3). The 

smallest number of visible mutation types was induced 

in the conditions of a contaminated industrial zone of 

SC “Poltavchimmash”. Spectrum of mutation types in-

cluded a set of typical ones, which were found with 

high frequency in both varieties of winter wheat, affect-

ed by soil contamination with heavy metals of all stud-

ied objects. 

 

Table 2 

Spectrum of visible mutations of winter wheat (М2-М3) variety Al’batros odes’kyi under the effect of the soil  

contamination with heavy metals of industrial discharges (2012–2013) 

Effect variant 
Mutation types, % 

HG LG IG ER AE LR LS SS DS LOS CS SHS SAS AS AA WL YL LL 

Hlevaha 

(control) 

0,40 0,40 0,00 0,00 0,00 0,00 0,20 0,40 0,20 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

5 km from 

Burshtynska 

TPS 

1,17* 0,78 0,20 0,00 0,58 0,39 0,20 1,56 0,78 0,39 0,58 0,78* 0,20 0,20 0,00 0,20 0,20 0,00 

Hlevaha  

(control) 

0,61 0,20 0,00 0,00 0,20 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

SC «Poltav-

chimmash» 

2,30* 0,98 1,31* 0,66 0,00 0,98 0,98 0,33 0,33 0,33 0,00 0,33 0,00 0,00 0,33 0,00 0,00 0,33 

Note: HG – high-grown, LG – low-grown, IG – intensive growth, ER – early ripening, AE – average early, LR – late ripening, LS – long 

spike, SS – short spike, DS – dense spike, LOS – loose spike, CS – cylindrical spike, SHS – square-headed spike, SAS – semi-awned spike,  

AS – awnless spike, AA – antocyanin awn, WL – wide leaf, YL – yellow peak of a flag leaf, LL – light-green leaf; * – difference as to the con-

trol is statistically true at Р≤0,05 

 

Table 3 

Spe ctrum of visible mutations of winter wheat (М2-М3) variety Zymoiarka under the effect of the soil  

contamination with heavy metals of industrial discharges (2012–2013) 
Effect variant Mutation types, % 

 HG LG IG AE LR LS SS DS LOS CS SHS SPS TS AS SAS ASS ASH YL LW 

Hlevaha (control) 0,19 0,00 0,19 0,19 0,00 0,19 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,19 0,00 0,00 0,00 0,00 

SC «Poltav- 

chimmash» 
0,82 0,41 0,00 0,00 0,41 0,41 0,00 0,41 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

B. Khmel- 

nytskyi Str., 

Kostiantynivka 

1,23 0,74 0,49 0,00 1,23* 0,74 0,00 0,25 0,25 0,00 0,00 0,25 0,00 0,25 0,25 0,00 0,00 0,00 0,00 

SPC “Specialized 

company for 

thermal pro-

cessing of firm 

household gar-

bage”, of Kharkiv 

city 

1,21 0,40 0,00 0,61 0,40 0,00 0,20 0,20 0,20 0,00 0,00 0,00 0,00 0,00 0,40 0,00 0,00 0,00 0,00 

SJC “Luhansk ac-

cumulator pro-

ducing company” 

0,40 0,40 0,20 0,20 0,60 0,20 0,00 0,60 0,40 0,00 0,00 0,00 0,20 0,00 0,20 0,00 0,20 0,00 0,00 

UC “Lubny water 

supply station” 
0,44 1,11* 0,00 0,22 1,11* 0,22 0,22 0,44 0,44 0,22 0,66 0,00 0,00 0,00 0,22 0,22 0,00 0,22 0,22 

Note: HG – high-grown, LG – low-grown, IG – intensive growth, AE – average early, LR – late ripening, LS – long spike, SS – short spike, 

DS – dense spike, LOS – loose spike, CS – cylindrical spike, SHS – square-headed spike, SPS – spelt spike, TS – twisted spike axis, AS – 

awned spike, SAS – semi-awned spike, ASS – additional spikes, ASH – antocyanin spike husk, YL – yellow peak of a flag leaf, LW – lack of 

wax film; * – difference as to the control is statistically true at Р≤0,05 

 

Among them are late ripening, high- and low-

grown forms, long, dense, loose spike. Among the mu-

tations there were the ones induced by soil contamina-

tion within the areas affected by discharges of some 

companies. Thus, plants of variety Al’batros odes’kyi 

showed a considerable increase of mutation frequency 

intensive growth (1.31 %) under the effect of soil con-

tamination in the industrial zone of SC “Poltavchim-
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mash”.These conditions became the induction factors 

with frequency 0.66 % of early ripening forms. Plants 

of variety Zymoiarka had such mutation as semi-awned 

spike (fig. 2), which was connected with soil contami-

nation with heavy metals and was fixed with frequency 

0.20–0.40 %. Average early mutants of winter wheat 

Zymoiarka, whose frequency was 0.20–0.61 %, were 

recorded under the effect of soil contamination with 

heavy metals on the territory of SPC “Specialized com-

pany for thermal processing of frim household garbage” 

in Kharkiv city, SJC “Luhansk accumulator producing 

company” and UC “Lubny water supply station”. Soil 

contamination of the territory of UC “Lubny water sup-

ply station” caused the occurrence of mutation square-

headed spike with frequency 0.66 %. Such mutations as 

antocyanin awns, light-green leaf with frequency  

0.33 % were seen on variety Al’batros odes’kyi, and va-

riety Zymoiarka showed awned, short, cylindrical, spelt 

spike with frequency 0.20–0.25 %. Original types of in-

duced mutations – spike with twisted axis, additional 

spikes, antocyanin spike husk, yellow peak of a flag 

leaf, lack of wax film – were typical for winter wheat 

samples grown on the territory of SJC “Luhansk accu-

mulator producing company” and UC “Lubny water 

supply station”.  

Analyzing frequency and spectrum of visible 

mutations, variations in the response of various winter 

wheat varieties on the effect of environmental mutagen-

ic factors were found out. The impact of soil contami-

nation with heavy metals on the territory of SC “Polta-

vchimmash”, where two varieties were grown, caused 

higher mutagenic effect in variety Al’batros odes’kyi, 

whereas variety Zymoiarka appeared to be more re-

sistant to mutagenic factors. Genetic variation of the va-

rieties was recorded on a spontaneous mutation level, 

which was 0.81–0.99 % for Al’batros odes’kyi and  

0.77 % for Zymoiarka. A spontaneous mutation level of 

the variety is interconnected with total mutability in-

duced by mutagens, in most cases there is instant de-

pendence between them [18]. Higher mutability of 

Al’batros odes’kyi plants is confirmed by wide muta-

tion spectrum which includes 12 types, while variety 

Zymoiarka, under the same conditions, is characterized 

by 5 types, some of them were seen in spontaneous mu-

tagenesis. Specificity of variety response and response 

of individual organisms within one species to the effect 

of the mutagens with the same vigor and rate was noted 

by many researchers both on wheat and other crops. 

However, each of the studied factors of mutagenic pro-

cess chain (genotype, mutagen) is to be considered not 

by itself, but in the interaction with other factors of the 

environment.  

The seriousness of the consequences of genetic 

disorders are confirmed by complex mutations which oc-

curred under the effect of soil contamination with heavy 

metals of the territories of UC “Lubny water supply sta-

tion”, near B. Khmelnytskyi Street in Kostiantynivka, SC 

“Poltavchimmash”. The following mutations occurred on 

Zymoiarka winter wheat: late, low-grown, square-headed 

spike, lack of wax film or yellow peak of a flag leaf; in-

tensive growth, average early, high-grown; high-grown, 

average early, semi-awned spike; low-grown, short 

spike; late ripening, spelt awned spike; high-grown, 

semi-awned spike; long, loose spike. Winter wheat Alba-

tros odeskyi showed forms which could be characterized 

as high-grown, early ripening, with intensive growth, 

with short spike; high-grown, with long spike; short-

grown, late ripening, with light-green leaves and long 

spike; high-grown, with intensive growth, dense spike, 

antocyanin awns; high-grown, with short spike.  

 

 
 

Fig. 1. Mutants according to Al’batros odes’kyi spike 

morphology: 1 – initial form; 2 – short spike; 3 – cylin-

drical spike; 4 – dense spike; 5,6 – square-headed spike 

 

 
 

Fig. 2. Mutants according to Zymoiarka spike morpholo-

gy: 1 – initial form; 2 – semi-awned spike; 3 – loose 

spike; 4 – long spike; 5 – square-headed spike 

 

6. Conclusions 

So, soil contamination with heavy metals of in-

dustrial discharges causes considerable increase of muta-

tion variability of winter wheat, which exceeds the indi-

cators of spontaneous level by 2.1–4.9 times and can be a 

genetic threat to living organisms. 4.1-time increase of 

visible mutation frequency near B. Khmelnytskyi Street 

(Kostiantynivka) confirms uncontrolled heavy metal con-

tamination of the far-away areas from the industrial zone. 

Based on the results of studying frequency and spec-

trum of visible mutation types of winter wheat, it has 

been found out that the highest mutagen activity is ex-

pressed in variety Al’batros odes’kyi in the contaminat-

ed areas adjacent to Burshtynska TPS, SC “Polta-

vchimmash”, and near B. Khmelnytskyi Street (Kosti-

antynivka), UC “Lubny water supply station” and SPC 

“Specialized company for thermal processing of firm 

household garbage” Kharkiv city. Spectrum of muta-
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tions includes typical inherited changes: late maturity, 

high and short, long, dense, loose spike. Besides, some 

original and rare mutations were seen: wide leaf, lack of 

wax film, yellow peak of flag leaf, antocyanin spike 

husk, spike with twisted axis, light-green leaf; they all 

together with typical mutations can be used as indica-

tors of industrial contamination of the environment with 

heavy metals.  
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