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Abstract. The results of laboratory experiments of the effect of cadmium salt solutions on the
growth processes and peroxidise activity in seedings of Pinus Sylvestris are presented.
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BIIJINB KAIMIIO HA PICT I PO3BHUTOK PINUS SYLVESTRIS

I'.A. Baasbtep, aou., k.0.H., €.M. Boponosa, nou., H. M. Onaubka, marictp,
XapkiBcbKHil HAlliOHAJBLHUIT ABTOMOOJILHO-T10POKHill YHiBepcUTeT

Anomauia. Hasedeno pezynomamu 1a60pamoprHo20 eKchepumeHmy i3 6NauU8y Po3uUHie Coli Kaomilo
Ha poCMosi npoyecu i akmueHicms nepoxcuoasu 6 napocmrax Pinus Sylvestris.

Knrouoei cnoea: coni kaomiio, moxKcuuHicmo, eHepeiss NPOPOCMAHHSA, eHep2isi CXOOMHCEHHS, aAKMUG-

HICMb NEPOKCUOA3U.

BJIMAHUE KAAMUA HA POCT U PABBUTHUE PINUS SYLVESTRIS

I'.A. BaasTep, nou., k.0.H., E.M. Boponosa, nou., H.M. Onaukasi, Marucrp,
XapbKOBCKHII HAHOHAJBHBIH ABTOMOONJIbHO-10POKHbI YHUBEPCUTET

Annomauyusa. Ilpeocmasnensi pe3ynvmamsi 1a60pamMopHO20 IKCHEPUMEHMA NO GIUAHUIO PACEOPO8
CONU KAOMUsL Ha pOCMOBble NPoYeccyl U AKMUBHOCHb NePOKcUdasvl 8 npopocmkax Pinus Sylvestris.

Knroueswie cnosa: conu Ka()Ml/l}Z, MOKCUYHOCMb, SHEP2UA NPOPOCMARHA, JHEP2UA 6CXOHCECMU, AKMUB-

HOCNb nepoxcuda%l.

Introduction

In view of the increasing anthropogenic impact
on the environment, the problem of emissions of
heavy metals attracts more and more attention.
Heavy metals is a group of metals with relative
atomic weight over fifty or density higher than
5 g per cubic cm. Of the total ninety naturally
occurring elements fifty three are considered to
be heavy metals. Among such heavy metals as
Zn, Ni, Cu, V, Co, W and Cr there are found
non toxic heavy elements of low concentration.
Such heavy metals as cadmium, lead, mercury,
arsenic, etc., are not essential for plants and are
highly phytotoxic, may inhibit vital processes or
lead to death of living organisms. Heavy metals

concentration in soil is considered to be toxic
when it inhibits plant growth and development
and decreases plant productivity by 10%—-20%.
However, the identification of toxic levels of
heavy metals for plants is a rather complicated
problem. Knowledge of environmental condi-
tions, heavy metals forms and their stability in
the environment, plant properties, etc., are of
great importance for the assessment of heavy
metals toxicity.

Phytotoxic amounts of heavy metals are occa-
sionally found in soils under natural con-ditions
but more frequently they are mobilized and re-
leased by technological and agricultural activi-
ties and tend to persist indefinitely, to cir-culate
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and eventually to accumulate throughout the
food chain, thus posing a serious threat to ani-
mals, humans, and the environment. In Europe,
the polluted agricultural lands likely encompass
several million hectares [3].

The similarity to essential elements makes non-
essential elements potentially toxic to plants.
Toxicity symptoms can be derived from interac-
tions at cellular/molecular level, such as block-
ing functional groups of bio-logically important
molecules, displacing and/or substituting essen-
tial elements, inactivating en-zymes, disrupting
cell and organelle membrane integrity. A high
amount of metals in the tissue of hyperaccumu-
lator plants suggests the existence of protective
mechanisms to avoid harmful effects caused by
metals. These mechanisms are quite complex
and their impor-tance may vary in accordance
with the metal, its concentration, species, plants
organs, and stages of the development in the
same plant, etc.

Analysis of publications

Despite numerous reviews and reports on heavy
metals in literature, the study of phytotoxicity
mechanisms is still incomplete. The study of
physiological and biochemical parameters of
reproductive organs of plants tissues is of signi-
ficant interest for understanding the mechanisms
of generative development. In recent decades,
more and more articles appeared on the growth
of biosphere pollution by heavy metals, in-
cluding cadmium. It represents a maximum po-
tential danger for plants, animals and people as
it has a high cumulative effect and a high rate of
techno-genic accumulation in the environment
[5]. According to the phytotoxicity classifica-
tion, cadmium is a moderately toxic element as
it inhibits the life activity of test organisms at
concentrations of 1-100 mg/dm’® [1]. Cadmium
is mobile in plants and is accumulated in all
plant organs and seeds as well [3]. Numerous
studies highlighted in the literature, allow to as-
sert that the flow of the most physiological pro-
cesses in plants varies considerably in terms of
pollution emissions, gas-smoke emissions of
various businesses. Change of peroxidise activi-
ty in a stressful environment may be an indicator
of phytotoxicity.

The purpose and problem statement

The aim of this work was to investigate the ef-
fects of salt solutions of cadmium on the growth

processes and peroxidise activity in seedings of
Pinus Sylvestris.

To achieve this purpose it was necessary to exe-
cute a series of laboratory experiments using
Pinus Sylvestris seeds and cadmium salts in dif-
ferent concentrations.

Results of the research of cadmium salts
effect on Pinus Sylvestris

This article presents the results of laboratory
experiments of the effect of cadmium salt solu-
tions on the growth processes and peroxidise
activity in seedings of Pinus Sylvestris.

For the experiment there were selected seeds . In
the studies it was used aqueous solutions of
cadmium sulfate of different concentrations:
(2-107; 2-10%; 2-107%; 2-10% M). Toxicity of
cadmium ions was evaluated by vigor and seed
descent, linear growth of seedings and vegeta-
tive mass, changes of peroxidise activity.

To determine the vigor and germinating power,
of pre-sterilized seeds (50 pieces), they have
been soaked in solutions of cadmium sulfate for
24 hours and then washed with distilled water
and placed in a petri dish [4]. Vigor seeds (in
percent) were calculated on the seventh day, and
germination power (in percent) — on the 15th
(GOST 13056.6-75). Seeds treated in distilled
water were taken as a control option. In the
study of the influence of cadmium ions on the
growth processes of Pinus Sylvestris seeding
presprouted seeds were transferred to cadmium
salt solutions of different concentrations (20
seeds in each glass). After 15 days the seedings
were measured in linear dimensions (mm).

It was determined that cadmium ions in all stud-
ied concentrations affect the growth processes

(Fig. 1).
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Fig. 1. Effect of cadmium ions on seed inter-
growth of Pinus Sylvestris: K — control,
concentration of Cd in solution: 1 — 2-10”
M;2-2-10"M; 3 -2-10° M; 4 —2-10> M
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Vigor and germination power of seeds de-
creased by 58-92 % and 48-91 % respectively.

Peroxidise activity was evaluated by the method
of A. Boyarkin (Fig. 2).
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Fig. 2. Effect of cadmium ions on peroxidise
activity and its accumulation in 15-day see-
dings of Pinus Sylvestris: K — control, con-
centration of Cd in solution: 1 — 2-10° M;
2-210"M;3-2:10°M; 4 - 2:10° M

Accumulation of cadmium ions (mg / mg dry
weight) in 15-day seedings was analyzed by
x-ray fluorescent spectrometer Spectroskan. The
frequency of each variant of the experiment
constituted fivefold. The mathematical treatment
has been studied by correlation and analysis of
variance.

A visual assessment of 15-day seedings have
been grown in cadmium salt solutions and there
it was determined the top color change to brown,
blackening of it crown, there was marked a
slight withering and yellowing of needles at a
concentration of (2:10> M), which is associated
with exposure to toxicants pigment complex and
activation of free radical oxidation.

Conclusion

It was found a high correlation between the level
of accumulation of cadmium in the organs of
assimilation and peroxidise activity, indicating
the depressing effect of the studied concentra-
tions of cadmium ions on seeds germination and
seeding growth processes P. Sylvestris. This
effect is confirmed by literary sources writing
that a contaminated growth increases peroxidise

activity in the assimilation system Pinus Syl-
vestris.

However, changes in the activity of peroxidise
in plant needles growing in polluted technogenic
conditions may be due to the influence of vari-
ous stress factors, which complicate the use of
peroxidise activity indicator for bioindicators.

The last 1015 years were marked by a consid-
erable progress in studying of the problem of
plants tolerance and adaptation to heavy metals
environment pollution. However, the problem
has not completely been solved yet. The further
production development, the earth population
increase and resource consuming, contamination
of the environment, and accelerating imbalance
in nature compel us to take strong measures re-
garding defense and maintenance of biodiversi-
ty. Therefore, the extension of knowledge of
ecological adaptations of plants is of great im-
portance.
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