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It is hereby studied the exposure of lead ions on germination
and growth viability of helianthus and lathyrus seeds in laboratory
conditions. Certain tendencies have been revealed showing the
impact of different doses of the lead ions on germination of heli-
anthus and lathyrus as well as on the length of the root and sprout
in germinating the seed. Furthermore, a particular decrease
(P<0.99) in the helianthus seed germination was observed under
the lead exposure at the concentration of 5x10-2 mol/L. Whereas,
at the lead ions concentration in their amount from 5x10-% mol/L
to 5x10-4 mol/L, no considerable influence on helianthus and lath-
yrus seed germination was noticed. However, the helianthus and
lathyrus root length has been exposed by the lead ions more sig-
nificantly. It was noticed that the helianthus root had significantly
decreased in length at the lead ions concentration of 5%10-2 mol/L,
5x%10~ mol/L, 5%10-° mol/L and 5%10-¢ mol/L (P<0.999, P<0.999,
P<0.99 and P<0.999, respectively). The difference in terms of the
lathyrus root length at 5x10-2 mol/L, 5x10~# mol/L, 5x10-5 mol/L
and 5x10-% mol/L concentration of lead ions was found significant
(P<0.955, P<0.99, P<0.95 and P<0.99, respectively). The study
results with regard to the exposure of different doses of the lead
nitrate on the average length of the helianthus sprout showed an
significant difference rate (P<0.999) in these values at the lead
ions concentration in the solution of 5x10- mol/L, 5x10-° mol/L
and 5x10-% mol/L. There was no significant difference between
the lathyrus sprout length under the lead ions exposure between
5x%10-% mol/L and 5%10-3 mol/L. Thus, as far as the research re-
sults are concerned, there has been highlighted a significant lead
nitrate exposure on economically useful indicators of the helian-
thus and lathyrus growing. A clear tendency of the lead nitrate
impact on the helianthus and lathyrus seed germination and
on their root and sprout length was revealed.

Key words: lead ions, the helianthus (sunflower) seed,
the lathyrus (pea) seed, germination, root, sprout

Analysing Primary Sources

The activity of a technogenic agent, i.e. the people,
has led to the accumulation of toxic contaminants in the
soil, among which heavy metals are the leading ones.

The analysis of the harshness of accumulation of
heavy metals in soil shows that this process increases
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on the year-over-year growth basis. Heavy metals enter
the soil mainly as insoluble compounds and over the time
a part of them becomes soluble. Heavy metals may
accumulate in the soil environment in large quantities
and move both horizontally and vertically.

Part of the heavy metals, being in their exchange-
able form, is absorbed by plants and their products.
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The major part of heavy metals is concentrated in the
root system of the plant, owing to the plant’s buffering
system, and only some of these toxicants pass into the
vegetative mass: the stem, leaves and inflorescence,
including the seed. [3, 5].

It has been found that heavy metals in large quan-
tities, the lead in particular, negatively affect the plant’s
physiological and biochemical processes. It is common-
ly known that the lead-induced toxicity for most plants
is in the range of 1000—-2000 mg/kg. However, some
plants are highly resistant to lead exposure even up to
10 g/kg. The intensity of lead accumulation in plants vary
depending on many factors, and first of all, on their bo-
tanical origin. A high level of heavy metals accumulation
is observed in plants of the Brassicaceae family, i.e.
the cabbage, mustard, etc. [2, 7].

Adaptive responses of plants to lead ions are shown
in their ability to tolerate high concentrations of lead ions
without any significant metabolic disorders. The level
of tolerance to heavy metals is determined by the ratio
between their accumulation in plants and their effective
detoxification. Research has revealed a difference in the
distribution of these pollutants and their particles between
the roots and sprouts of the helianthus plants. The roots,
immersed into such ion’s environment, accumulated
much larger amounts of pollutants and the toxic exposure
of cadmium ions was much stronger than the exposure
of lead ions. Obviously, the sensitivity of plants heavy met-
als exposure, and, accordingly, the tolerance index de-
pends primarily on their effective binding and deposition
into the vacuoles. Plants showed adaptation only under
conditions of stress that caused no irreversible damage,
while exposure to extreme stress did not allow adaptive
mechanisms to manifest, and the tolerance index under
the mentioned conditions was decreasing. [1, 4].

One of the effects of heavy metals on plants is the pro-
duction of hydrogen peroxide, which in its excess nega-
tively affects proteins and lipids of membranes and leads
to DNA damage. This may indicate that one of the adap-
tive responses of plants to the heavy metal’s exposure is
the accumulation of hydrogen peroxide, which likely acts
as a signalling molecule for further triggering of protective
mechanisms in the plant cell. However, there is a need for
further research of the adaptation response involving hy-
drogen peroxide, since there is a lack of knowledge with
regard to accurate concentration of peroxide necessary
to stimulate the antioxidant response and the adequate
conditions for its regulation.

The exposure of lead ions on the activity of gluta-
thione reductase means that these pollutants produce
the stimulating effect at low concentrations, which leads
to an increase in the activity of the enzyme, while high
concentrations, with some exceptions, suppress activity
of the enzyme.

The studies of oats in the conditions of anthropogenic
contamination of the turf and podzolic soil revealed that
when the concentration of lead in the soil was increased
to the level of 5 and 10 TLV, the growth and development
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of plants was suppressed, the absorbent hairs and the
root itself undergone deformation and were underdevel-
oped, there was observed an inhibitory effect on plant
development, and, in some cases, a plant death. [6, 8].

Materials and Methods

The helianthus and lathyrus seeds were germinat-
ed at different concentrations in the distilled water with
the addition of lead nitrate as follows: control stage —
distilled water without the lead nitrate, experiment
no. 1 — lead nitrate at concentration of 5x10- mol/L,
experiment no. 2 — lead nitrate at concentration of
5x10~* mol/L, experiment no. 3 — lead nitrate at con-
centration of 5x10-% mol/L, experiment no. 4 — lead
nitrate at concentration of 5x10-¢ mol/L.

The exposure of lead nitrate on helianthus and lath-
yrus seeds was evaluated by the following parameters:
germination, root and sprout length.

Statistical processing of the research results was
carried out using the Student’s t-test.

Results and Discussion

Our research results proved that there is a certain
exposure of different concentrations of lead nitrate in the
aqueous solution on the germination of helianthus seeds,
the length of root shoots and stem (see table 1).

Moreover, at the concentration of lead nitrate in the
aqueous solution of 5x10-2 mol/L, 5%x10-* mol/L and
5x10-¢ mol/L, the germination of helianthus seeds de-
creased by 7%, 3%, and 3%, respectively, as compared
to the experiment where the lead nitrate was not added to
the aqueous solution.

The root length on the third day of its germination was
lower by 33.4%, 42.2%, 38.2% and 34.8% upon adding
into an aqueous solution the lead nitrate in the concen-
tration of 5x10-2 mol/L, 5x10-4 mol/L, 5x10-° mol/L and
5x10-° mol/L respectively, as compared to helianthus
seeds at their control stage, where the lead nitrate was
not added to the aqueous solution. A similar tendency
was displayed on the seventh day of the helianthus root
ontogeny. Thus, upon adding into an aqueous solution the
lead nitrate in the amount of 5x10-3 mol/L, 5x10~* mol/L,
5x%10-° mol/L and 5x10-¢ mol/L, there was noticed a de-
crease in helianthus seed root length by 25.5%, 19.0%,
20.0% and 25.2%, respectively, as compared to the stage
where the helianthus seeds were germinated without
adding the lead nitrate into an aqueous solution.

The analysis of the lead nitrate exposure on the
growth vitality of the sprout of helianthus seed vegeta-
tive mass showed that at 5%x10-2 mol/L, 5%x10-% mol/L
and 5x%10-¢ mol/L concentrations of the named toxicant
in the aqueous solution the sprout decreased in length
by 20.6%, 0.3% and 13.1%, respectively, as compared to
the control stage values.
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Table 1. The exposure of lead nitrate on germination
and vigor processes of helianthus seeds

Sprout

Experiment See_d e [, Gl length
germina- o

stages tion. % on the 7'

0 %0 31 day 7 day day, mm

Table 2. The exposure of lead nitrate on germination
and vigor processes of lathyrus seeds

Root length, mm Sprout

Experiment gesrfneir(lja- length
stages S - " on the 7t
tion, % 3rd day 7t day day, mm

Control stage 100 64.1+26.2 177.8+70.4" 143.2+31.9

5x10-% mol/L 93" 42.7+15.9" 136.0+27.8" 113.7£36.1°
5x10~* mol/L 97 37.0+13.3° 143.9+46.3° 142+46.9

5x10-° mol/L 100 39.6£16.4" 142.1+57.3° 108.6%27.2
5%10-¢ mol/L 97 41.8+15.2° 132.9+59.7° 124.4+27.0°

Control stage 98 48.1£17.5 204.+137.5 92.3+23.7

5x10-% mol/L 99 43.9+20.3" 148.7£27.6° 90.9+30.7
5x10-* mol/L 98 41.7£21.4" 177.1£34.8° 89.1+23.8
5x10-° mol/L 99 42.1£19.9" 163.2+44.5 88.4+24.9
5%x10-5 mol/L 100 48.1+17.5™ 183.6+41.0" 91.4421.2

There is also a proved exposure of the lead nitrate on
germination of lathyrus seeds, their root and sprout length
(see table 2). Thus, at the concentration of lead nitrate
in the aqueous solution of 5x10-2 mol/L, 5x10-5 mol/L
and 5x10-% mol/L, the germination of lathyrus seeds
increased by 1%, 1%, and 2%, respectively, as com-
pared to the control stage values. At the lead nitrate con-
centration of 5x10~* mol/L in the aqueous solution, no
difference between the experimental and control stage
values was found. Analysing the lead nitrate exposure
on the lathyrus seed root length, it should be highlight-
ed that at 5x10-3 mol/L, 5x10~* mol/L and 5x10-° mol/L
concentrations of the named toxicant in the aqueous
solution, the lathyrus root length was found lower on the
third day by 87%, 13.3% and 12.4%, respectively, as
compared to the control stage values. At the lead nitrate
concentration of 5x10-¢ mol/L in the aqueous solution, no
difference between the experimental and control stage
values was found. The lathyrus root length on the sev-
enth day at 5x10-3 mol/L, 5x10~* mol/L, 5x10-° mol/L and
5x10-¢ mol/L lead nitrate concentrations in the aqueous
solution, was lower by 27.1%, 13.2%, 20% and 10.0%,
respectively, as compared to the control stage values.

There is also proved that on the seventh day of the
experiment the lathyrus seed sprout length at the lead
nitrate concentration of 5x10-3 mol/L, 5x10-4 mol/L,
5x10-% mol/L and 5x10-¢mol/L in the aqueous solution,
was lower by 1.5%, 3.4%, 4.2% and 1.0% as compared
to the control stage value.

Thus, the results of the research show a particular
impact of the lead nitrate on economically useful indi-
cators of the helianthus and lathyrus growing. A clear
tendency of the lead nitrate exposure on the helianthus
and lathyrus seed germination and on their root and
sprout length was revealed.

A particular decrease (at P<0.99) in the helianthus
seed germination was revealed at the lead nitrate con-
centration of less than 5x10-3 mol/L in the aqueous
solution.

As far as a particular decrease in the helianthus and
lathyrus seeds root length at the lead nitrate concen-
tration between 5x10-¢ mol/L and 5x10-° mol/L is con-
cerned, i.e. in all experiments regarding the lead nitrate
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exposure on the length of helianthus seed sprout, it
should be specified that a particular difference likely oc-
curs at all experiment stages, except for the one where
the concentration of the named toxicant amounted to
5x10-* mol/L.

As far as the experiment on the lathyrus seed is con-
cerned regarding the exposure of the lead nitrate on the
sprout length, no particular difference was found.

As suggested by the results of the research, it was
found that the germination of the helianthus and lath-
yrus seeds in the aqueous solution (distilled water) with
the addition of the lead nitrate in the amount between
5x10-¢ mol/L and 5x10-2 mol/L contributed to a slight
increase in seed germination, a particular decrease in
root length on the third and seventh day of experiment
and the length of the sprout.
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Bnnue HiTpaTy CBUHLIIO Ha CXOXICTb Ta POCTOBI NPOLIECU HACiHHA COHSAILUHUKY Ta ropoxy
1. P. Xipiecbkull’, 0. A. Kopineup', b. []. MiweHko?, b. B. KpekmyH'

"NbBIBCbKMIN HALiOHANBHUI YHIBEPCUTET NMPMPOAOKOPUCTYBaHHS, Byn. Bonogumumpa Benukoro, 1, M. lyénsiHu, JlbBiBcbKka obn., 80831, YkpaiHa
2BiHHMUBKWIA HaUioOHanNbHWIA arpapHui yHiBepcuTeT, Byn. CoHsiuHa, 3, M. BiHHnugA, 21008, YkpaiHa

BuBY€HO BNNKMB iOHIB CBMHLIIO HA CXOXICTb Ta POCTOBI NPOLECH HAaCiHHSA COHSILLIHMKY Ta rOpoXy 3a iX NpopoLLyBaHHS B nabopartop-
HUX ymMoBax. BuaBneHo neBHi TeHAeHLIi LWOoAO BANUBY Pi3HUX 403 IOHIB CBUHLIO HA CXOXICTb COHSILLHUKY | FOPOXY Ta AOBXWHY KOPEHS
i napocTka 3a nNpopoLLyBaHHs HaciHHS. 3okpema, BiporigHe 3HKeHHS (P<0.99) cX0XOCTi HaCiHHS COHSILLIHMKY criocTepirany 3a BrnnmBy
CBUHLIIO, KOHLEHTpaUis sikoro cknagana 5x10-2 Mmonb/n, Toai Sk 3a KOHUeHTpauii ioHiB cBuHLO Big 5%10-% Mmonb/n 4o5%10~* monb/n
BipOriAHOro BMIMBY HA CXOXICTb HACiHHA COHSILLHMKY Ta rOpoXy He cnocTepiranu. NMoMITHILIWIA BNAWB iOHIB CBUHLIIO BUSBIIEHO Ha
[OBXMHY KOPEHS COHSALLHMKY Ta ropoxy. CnocTepiranu BiporigHe 3HMKEHHS JOBXWUHN KOPEHS COHALLHWUKY 3a KOHLEHTPaLlii iOHiB CBUH-
uo 5x10-% monb/n, 5x10~* monbk/n, 5x10-5 monb/n Ta 5x10-° monbk/n (P<0.999, P<0.999, P<0.99 ta P<0.999 BignosigHo). PisHnua
B AAOBXMHi KOPEHS ropoxy 3a KOHUeHTpaLii ioHiB cBuHUto 5x10-3 monb/n, 5%x10* monb/n, 5x10-° monb/n Ta 5x10-% Mmonb/n BUsiBUNach
BiporigHoto (P<0.955, P<0.99, P<0.95 ta P<0.99 BignosigHo). Pe3ynsratn gocnigxeHb 3 BUBYEHHS BNMBY Pi3HWX 403 HiTpaTy CBUH-
L0 Ha CepeaHI0 AOBXUHY NapoCcTKa COHALUHMKY 3acBigunnu BiporigHy pisHuuto (P<0.999) y umux nokasHukax 3a KOHUeHTpaLii ioHiB
CBUHUO Y po3unHi 5x10-3 monb/n, 5x10-° monb/n Ta 5%10-% monb/n. BiporigHoi pisHNMLi MiXX JOBXMHOK NapocTka ropoxy 3a BhfvBYy
ioHiB cBMHLIO Bif 5%10-¢ Monb/n Ao 5%10-2 Monb/n He BusiBneHo. OTXe, 3a pe3ynsTratoM NpoBeAeHNX AOCHiMKEHb BUSIBNEHO CYTTEBUIA
BB HITPaTy CBMHLIIO Ha rOCMOAAPCLKO KOPUCHI MOKa3HUKW BUPOLLYYBaHHS COHSILLHMKY Ta ropoxy. BctaHoBneHo neBHy TeHAEHLio BNuBY
HITPaTy CBUHLIIO Ha CXOXICTb HACIHHA COHSLLHWKY | FOPOXY Ta [OBXUHY KOPEHS i napocTka.

KnioyoBi cnoBa: ioHW CBMHLO, 3€PHO COHSILLHMKY, 3€PHO FOPOXY, CXOXICTb, KOPEHi, NapOCTKM
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