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THE ANALYSIS OF MUTATION VARIABILITY OF WINTER WHEAT
UNDER SOIL CONTAMINATION WITH HEAVY METALS OF
INDUSTRIAL DISCHARGES

R. Yakymchuk, S. Sorokina

AHAJII3 MYTAIIAHOI MIHJIMBOCTI O3MMOI IIIEHUIII B YMOBAX
SABPYJHEHHA TPYHTY BA’KKHUMHMU METAJIAMUM ITPOMUCJ/IOBUX
BUKUIAIB

P. A. SIkumuyk, C. I. Copokina

Busueno na npuxnadi o3umoi nuieHuyi 2eHemuuHi HACHiOKU 3a0pYOHEeHHS
BAJCKUMU Memanamu mepumopii 6nIugy BUKUOI8 NPOMUCTIOBUX HIONPUEMCMNE.
Yacmoma euoumux mymayiii nepesuuiye KOHmpoavHi noxaswuxu 8 2,1-4,9 paszu.
Tunosuii cnekmp ix munie — Ni3HLOCMUSAICMb, BUCOKO- I HUZLKOPOCIICMb, 0082Ull,
WIbHUL, HeWIiNbHULL KOIOC, MOdce OYMU BUKOPUCMAHUL SIK IHOUKAMOP 3A0pYOHEHH s
HABKOIUUHBO20 CEPe008UUA BANCKUMU MEMANAMU

Knrouoei cnosa: Triticum aestivum, mymayitina minausicms, 6axicKi memanu,

mMymayii, Mymazenu, 2eHemu4Hi HACTiOKU

The aim 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.

Methods. The identification and record of mutation frequency and spectrum of
winter wheat were carried out in generations M, i M3. All families of the plants with

changed signs were carefully examined during major stages of their growth and



development. The adequacy of the difference between averages of experimental
variants and the control was estimated by the standard of Student and Fisher.

Result. Soil heavy metals of the industrial discharges of Burshtynska TPS, SC
“Poltavchimmash”, SPC “Specialized company for thermal processing of firm
household garbage” in Kharkiv city, SIC “Luhansk accumulator producing
company”, UC “Lubny water supply station” and near B. Khmelnytskyi Street in
Kostiantynivka caused the increase of visible mutation frequency of winter wheat
varieties A’lbatros odes’kyi and Zymoiarka by 2.1-4.9 times. Mutation spectrum
included several inherited changes which with high frequency were induced by soil
contamination with heavy metals of the areas of all the studied objects: late ripening,
high- and short-grown, long, dense, loose spike. Original and rare mutations were
found among them: wide leaf, lack of wax film, yellow peak of a flag leaf, antocyanin
spike husk, spike with twisted axis, light-green leaf.

Conclusions. Soil contamination with heavy metals of industrial discharges
causes considerable increase of mutation variability of winter wheat, which can be a
genetic threat to living organisms. Mutation spectrum includes typical inherited
changes which together with original and rare mutations can be used as indicators of
industrial contamination of the environment with heavy metals.

Keywords: Triticum aestivum, mutation variability, heavy metals, mutations,

mutagens, genetic consequences

1. Introduction

The ecological situation in Ukraine is characterized with considerable
anthropogenic loads of the environment in the form of mutagens of physical and
chemical nature. Total contamination of air, soil, drinking water 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 particularly dangerous in the areas of intensive industrial
production — Zaporizhia, Dnipropetrovsk, Donetsk, Ivano-Frankivsk, Luhansk and

Kharkiv regions, where discharges of industrial businesses amount to 8 % of



contaminating 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 processes [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 possibility to further predict inherited

changes in the generations to come [5, 6].

2. Literature review

One of the pre-conditions of the analysis and prediction 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 substances [7]. Their entry into
the plants is accompanied by the damage of ultra structure and functioning of cell
organels, changes in cell metabolism, growth and development depression,
productivity decrease. One of the main mechanisms of heavy metal toxic effect is
their interaction with SH-groups of proteins, which leads to the change of
macromolecule conformation, enzyme inactivation, damage of membrane structure as
well as tylakoidal 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 morphological anomalies, increase of general
disease incidence, there are some remote impacts which concern the major functions
of living systems — reproduction and productivity, 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
biochemical 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 genetic
disorders in the studied area. In most investigations 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 mutagens, 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
included, 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 visible 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 implemented:

— The record of winter wheat mutations in generations M,-M3 which were
affected by regular effect of soil contamination with heavy metals in the area of
industrial discharges, was kept ;

— Frequency and spectrum of mutant types, when plants of generation M, were
grown on the plots contaminated with heavy metals, were studied;

— Spectrum of winter wheat mutations, which could be used as typical

indicators of industrial soil contamination with heavy metals, was identified.



4. Materials and methods

To study mutagenic activity of soil contamination 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
accumulator 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 “Poltavchimmash” 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 company” — 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, correspondingly. 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 winter wheat had been studied for many years, was taken as the control.

The first plant generation (M;) was grown by full sowing on the contaminated
areas. The plants of generation M, and M3 were grown in families which helped
identify macro- and micro mutations and keep record of them. A family meant a
group of plants received from seeds of one spike. Various cases of mutations 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 M; were recorded after checking the inheritance of changed signs
as to the correlation of a number of families with mutant plants to the studied families
of generation M,.

Mathematic data processing and correlation analysis were made using
traditional methodology [19, 20]. The adequacy of the difference between averages of
experimental variants and the control was estimated by the standard of Student and

Fisher. Averages and their standard deviations are given in the tables.

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 M,-M; of Al’batros odes’kyi winter wheat. Mutation frequency exceeded
spontaneous indicators by 3.9 times, and was 3.89+0.44 % (tab. 1).

The increased level of mutation variability of winter 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 “Specialized company for thermal
processing of firm household garbage” Kharkiv city, in the area of SJC “Luhansk
accumulator producing company”, near UC “Lubny water supply station” can explain
the induction in plants M,-M; variety Zymoiarka 3.18+0.87 %, 2.424+0.69 %,
2.20+0.66 %, 2.65+0.76 % of mutant families, which is higher 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 intensive
contamination with three heavy metals — zinc, lead and cadmium — was recorded.
Heavy metal scattering in the city itself is connected with the operation of “Ukrzinc”
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”, SIC “Luhansk accumulator producing company” can be

associated with the increased concentration of cadmium ions in the soil.

Table 1
Frequency of visible mutations (M»-M3) of winter wheat when the soil is

contaminated with heavy metals of industrial discharges (2012—2013)

No of | No of | Frequency
Effect variant studied mutant of mutant
families, families, families, %
pieces pieces
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 | 408 13 3,18+0,87*
Kostiantynivka
SPC “Specialized company for thermal
processing of firm household garbage”, | 495 12 2,4240,69*
of Kharkiv city




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

* — difference as to the control is statistically true at P<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 territory adjacent to Burshtynska TPS (tab. 2). Such mutations as
high- and low-grown, dense, short and square-headed spike were predominant (fig.
1). Their level statistically exceeded the control indicators (0.00-0.40 %) and ranged
within 0.78-1.56 %. Mutation spectrum included a great deal of inherited changes,
connected with structural spike changes: long, loose, cylindrical spike; 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 Burshtynska TPS;
although they were not found under spontaneous mutagenesis in the control.
Frequency of average 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 several mentioned mutations and the lack of the mentioned 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.



Table 2

Spectrum of visible mutations of winter wheat (M,-M;) 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 0,000,200,40|0,20 (0,00 | 0,00 | 0,00 0,00 |0,00|0,00|0,00 0,00 0,00
5 km from |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
Burshtynska TPS
Hlevaha (control) | 0,61 |0,20 | 0,00 |0,00 0,20 |0,00 | 0,00 0,00 0,00 |0,000,00|0,000,000,00|0,00|0,000,00|0,00
SC 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|0,000,33{0,00|0,00]0,33

«Poltavchimmashy

Footnote. 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 control is statistically true at P<0,05.




The largest number of mutant types — 14 — was recorded in winter wheat
Zymoiarka grown on the territory of UC “Lubny water supply station” (tab. 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
included a set of typical ones, which were found with high frequency in both varieties
of winter wheat, affected by soil contamination with heavy metals of all studied
objects. Among them are late ripening, high- and low-grown forms, long, dense,
loose spike. Among the mutations there were the ones induced by soil contamination
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 contamination in the industrial zone of SC
“Poltavchimmash”. 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 contamination 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
company for thermal processing of frim household garbage” in Kharkiv city, SIC
“Luhansk accumulator producing company” and UC “Lubny water supply station”.
Soil contamination of the territory of UC “Lubny water supply 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 variety Zymoiarka showed awned, short, cylindrical, spelt
spike with frequency 0.20-0.25 %. Original types of induced 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 accumulator producing company” and UC “Lubny water supply station”.



Table 3

Spe ctrum of visible mutations of winter wheat (M,-M3) 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|ASSIASH| 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 «Poltavchimmash» 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. Khmelnytskyi Str., 1,23/0,74|0,49/0,0011,23*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
Kostiantynivka
SPC “Specialized company for
thermal processing of firm
~11,21/0,40/0,00|0,610,400,00/0,20/0,20|0,20/0,00|0,00(0,00{0,00(0,00{0,40{0,00|0,00{0,00|0,00
household garbage”, of Kharkiv
city
SJC  “Luhansk  accumulator
0,40/0,40/0,20/0,20(0,6010,20(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
producing company”
UC “Lubny water supply station”|0,441,11%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

Footnote. 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 P<0,05.




Fig. 1. Mutants according to Al’batros odes’kyi spike morphology: 1 — initial form; 2
— short spike; 3 — cylindrical spike; 4 — dense spike; 5,6 — square-headed spike
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Fig. 2. Mutants according to Zymoiarka spike morphology: 1 — initial form; 2 — semi-

awned spike; 3 — loose spike; 4 — long spike; 5 — square-headed spike

Analyzing frequency and spectrum of visible mutations, variations in the
response of various winter wheat varieties on the effect of environmental mutagenic
factors were found out. The impact of soil contamination with heavy metals on the
territory of SC “Poltavchimmash”, where two varieties were grown, caused higher
mutagenic effect in variety Al’batros odes’kyi, whereas variety Zymoiarka appeared
to be more resistant to mutagenic factors. Genetic variation of the varieties 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 induced by mutagens, in most cases there is

instant dependence between them [18]. Higher mutability of Al’batros odes’kyi



plants is confirmed by wide mutation spectrum which includes 12 types, while
variety Zymoiarka, under the same conditions, is characterized by 5 types, some of
them were seen in spontaneous mutagenesis. 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 process 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 occurred under the effect of soil contamination with heavy
metals of the territories of UC “Lubny water supply station”, 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; intensive 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
Albatros 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.

6. Conclusions

So, soil contamination with heavy metals of industrial discharges causes
considerable increase of mutation variability of winter wheat, which exceeds the
indicators 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 contamination of the far-
away areas from the industrial zone. Based on the results of studying frequency and
spectrum of visible mutation types of winter wheat, it has been found out that the

highest mutagen activity is expressed in variety Al’batros odes’kyi in the



contaminated areas adjacent to Burshtynska TPS, SC “Poltavchimmash”, and near
B. Khmelnytskyi Street (Kostiantynivka), UC “Lubny water supply station”” and SPC
“Specialized company for thermal processing of firm household garbage” Kharkiv
city. Spectrum of mutations 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 indicators of industrial contamination of the environment with heavy

metals.
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