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Salicylic acid (SA) is known as a participant of stress reactions in plants. Effect of
different SA treatments (pre-sowing soaking of grains and spraying 7-days-old seedlings
with 100 and 500 uM SA) on Cd-stressed wheat and maize plants was investigated. We
observed an adverse effect of Cd on leaf area, plant weight, biomass accumulation and pig-
ment content. SA treatments alleviated the toxic effect of Cd on growth and photosynthetic
pigments of investigated plants. Changes of protein level in plant tissues under stressful
conditions and SA impact were observed. Pre-treatment with 500 uM SA manifested the
most beneficial effect for both investigated plants.
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Large areas in the world and particularly in Eastern Europe are polluted with heavy metals
and radionuclides in natural and industrial regions. Heavy metal toxicity causes negative changes
in growth and development of plants, animals and microorganisms. Also, heavy metals are seri-
ously damaging human health, disrupting the normal function of central nervous system and in-
ternal organs. Some heavy metals were included into the list of the 20 most hazardous substances
created by the Agency for Toxic Substances and Disease Registry (ATSDR) and Environmental
Protection Agency (EPA, USA). The heavy elements such as arsenic, lead, mercury and cadmi-
um, which pose serious ecological problems occupy the first, second, third and seventh positions
respectively in a global toxicity ranking according to the ATSDR and the EPA in 2003 [22, 25].

Cadmium (Cd) is an extremely ecotoxic heavy metal that exhibits highly adverse effects
on soil biological activity, plant metabolism and health of animals and humans. Metallic Cd and it
compounds are frequently used in different industrial areas (production of accumulators, electric
cables, motor radiators, fertilizers), as pigments in poligraphy, for coloring glass, enamels and
ceramics. The most important anthropogenic source of Cd emission into the environment is steel
production and burning of fuels [31]. Cd can be effectively absorbed by both the root and leaf
systems and highly accumulated in plant organisms. When Cd is taken up in excess by plants,
it induces various visible symptoms of phytotoxicity (e.g., leaf roll, chlorosis, growth reduction
and, eventually, death). Physiological plant response to Cd toxicity are also alterations in vari-
ous biochemical characteristics, such as activation of dark respiration and antioxidant defense
system, disruptions in plant water relations, negative changes in the photosynthetic rate, which
are associated with stomatal limitation, degradation of photosynthetic pigments, alterations in
photochemical processes and biochemical reactions of Calvin’s cycle [18, 37].

Salicylic acid (SA) is considered as an endogenous plant growth regulator which has been
found to generate a wide range of physiological and metabolic responses in plants. SA is involved
in eliciting specific responses to biotic and abiotic stresses as a potent signaling molecule [16,
27]. It has been shown that SA plays a key role in plant disease resistance [29, 33]. SA has been
reported to provide protection against low-temperature stress [35], to induce thermotolerance [11,
38], and to modulate plant response to UV-radiation [24], salt [34] and osmotic [7] stresses, effect
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of ozone [20], water deficit [14], impact of herbicides [3] and heavy metal stress [26].

Various investigations showed that SA might be able to protect photosynthesis against a
toxic impact of heavy metals, such as copper [13], nickel [39], and cadmium [12, 21, 28]. It is
shown that SA can produce stress solely under certain conditions [9].

In the present study, we made an attempt to explore whether exogenous application of SA
could mitigate the adverse effect of Cd toxicity on maize and wheat plants.

Matherials and methods

Seeds of wheat (Triticum aestivum L. cv. Podolianka) and maize (Zea mays L. cv. Zakar-
patska zhovta zubovydna) were sterilized and divided into three groups. Two groups of seeds
were soaked in 100 and 500 uM SA solutions respectively for 5 h, another group was soaked in
distilled water (control). Then both groups were allowed to germinate on moist filter paper in the
dark. Two-days-old seedlings were transported in pots filled with 1.5 kg washed and inciderated
sand, artificially contaminated with Cd as CdCl,-2.5H,0 at levels of 0 and 25 mg Cd kg sand.
Pot cultivation was carried out in greenhouse under controlled conditions. The pots were watered
to 60% water holding capacity of the sand and fertilized twice a week with 25 ml modified Ho-
agland’s nutrient solution. Part of seven-days-old seedlings were sprayed with 100 or 500 uM
SA solutions, another seedlings were sprayed with distilled water. The 28-days-old plants were
harvested for determination of their morphological and physiological parameters.

Plant height, leaf area and fresh weight (FW) were determined immediately after organ
separation. Dry weight (DW) was determined after drying in the oven at 80°C until reaching a
constant mass.

Variability of biomass production sensitivity index (SI) as the difference between dry mat-
ter production of treated plants and the control, expressed in percent of the latter, was calculated
according to the following formula: SI _ = (100x (DW__ -DW__ )y/DW__ [5].

Relative water content (RWC) was also measured and expressed as a percentage accor-
ding to the following equation: RWC (%) = (FW—-DW)/FW*100.

For determination of photosynthetic pigments content 100 mg of plant leafs was homo-
genized with 25 ml 100% acetone, with the addition of the small amount of CaCO,. Chlorophyll
and carotenoids content was measured spectrophotometrically at 662, 644 and 440.5 nm accor-
ding to Holm and Wettstein [1].

For protein extraction, 50 mg of tissue samples from shoots and roots were homogenized
with sodium phosphate buffer (pH=6.8). Homogenate was centrifuged at 9600g for 15 min and
supernatant was used for determination of protein according to Bradford [8], using bovine albu-
min serum as a standard.

Student’s t-test was used to determine the significance of the results in different treatments.

Results and discussion

Changes of plant height and leaf area are represented in Table 1. Cd treatment did not af-
fect plant height in wheat, but caused significant decrease of it in maize plants. 500 uM SA treat-
ment by soaking grains led to the increase of plant height both under stressful and non-stressful
conditions. Alterations in plant growth caused by SA and Cd treatments were more important if
expressed through the plant leaf area (Table 1). Cd ions led to noticeable reduction of the leaf
area in wheat and maize plants. Different variants of SA treatment had different effects on this
parameter. Soaking grains with 500 uM SA increased leaf area of plants, other treatments did
not have stable and visible effect. All SA treatments had powerful impact on Cd-stressed plants.

Analyzing fresh and dry mass of plants under the influence of SA and Cd, we can see
essential changes in both plants. The presence of Cd reduced FW and DW in wheat and FW in
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maize, and water balance was not disturbed (Table 1, 2). SA treatments recovered FW in Cd-
affected plants and initiated accumulation of dry mass. Treatment with 500 uM SA (soaking) led
to 200% increase of DW in maize plants, accompanied with RWC decline. The data of biomass
production, expressed as SI, are represented in Table 2. 500 uM SA (soaking) had most pro-
nounced effect on biomass accumulation of plants. Wheat plants were more affected than maize
plants; this can be related to hyperaccumulating ability of maize plants [32]. Soaking grains with
500 uM SA had the greatest impact on biomass production of maize plants; all SA treatments had
positive effect on the growth of Cd-stressed wheat plants.

Table 1
Effect of Cd and salicylic acid treatments on plant height (sm), leaf area (sm?)
and fresh weight (g) of 28-days-old wheat and maize plants (M+m; n=25)
Cd, SA, Plant height Leaf area Fresh weight
mg kg'! uM T aestivum ‘ Z. mays T aestivum ‘ Z. mays T aestivum ‘ Z. mays

0 (control) 21.9+1.2 387+23 1240+0.79 78.64+5.17 0.19+£0.01 1.61+0.11

100 soak 23.1+2.0 423+32 1481+0.83* 71.68+5.99 0.23+£0.02 1.64+0.12

0 100spr 202+1.7 42.0+32 11.93+0.85 7549+7.86 0.20+0.01 1.56+0.11
500 soak 26.7+1.8* 47.6+2.2%* 1836+0.62* 9299+3.63* 0.31+0.02* 1.88+0.09
500spr  19.4+£2.0 46.7+22* 10.53+0.72 8037+3.54 0.17+0.01 1.86+0.06"°

0 212+1.7 328+24 10.88+0.57 55.12+5.85* 0.15+0.01* 1.36=+0.10
100 soak  19.6+1.9 362+2.0 12.33+£0.44° 64.93+4.04* 0.19+£0.01° 1.36+0.05%
25 100 spr  21.8+23 365+23 14.40+0.61*° 7444+£422° 021+£0.01° 1.51+0.12
500 soak 233+1.6 359+22 1494+0.33%* 6720+3.27 021+0.01° 1.46=+0.08
500spr  232+1.8 27.7+1.6* 14.29+0.57** 69.89+2.64" 0.23 +0.01 ** 1.54+0.09
Comments: * significantly differing from 0 SA, ® significantly differing from 0 Cd at p<0.05.

Table 2
Effect of Cd and salicylic acid treatments on dry weight (mg), RWC (%)
and sensitivity index of 28-days-old wheat and maize plants (M+m; n=25)
Cd, SA, Dry weight, mg RWC, % Sensitivity Index
mg kg'! uM T aestivum ‘ Z. mays T aestivum ‘ Z. mays T aestivum ‘ Z. mays

0 (control)  3.1+£0.2 14+0.7 83.6+04 91.1+0.5
100 soak 3.6+0.3 15+1.1 84.3+04 90.8 £0.5 +16.7 +7.8

0 100 spr 3.6+0.2 14+0.7 82.4+0.7 90.8 £ 0.6 +16.4 +2.5
500 soak  4.8+0.2* 20+£0.82 84.7+0.6 89.5+04¢ +57.0 +41.0

500 spr 29+0.1 21+1.1° 833+04 88.7+0.4* -4.6 +50.1

0 24+0.1° 13+£0.7 83.7+0.5 90.2+£0.5 -21.0 -7.1

100 soak  3.3+0.2° 13+£0.6 82.8+04 90.5+0.5 +8.5 -43

25 100spr  4.14+02*  16+1.0° 80.8+04% 895+04°  +334  +133
500 soak  3.5+0.2° 26+ 1320 83.7+0.3 82.2£03%2 +13.4 +85.6
500spr  4.6+0.3% 14+0.7 80.24+04* 90.7+0.5 +49.5 +23
Comments: * significantly differing from 0 SA, ® significantly differing from 0 Cd at p<0.05.
Growing in Cd-polluted environment induced reduction of chlorophyll content by 28%
in wheat and 10% in maize plants (Table 3). Considerable changes of chlorophyll b (decline
by 43%) were observed in wheat, but no changes were found in maize. Chlorophyll a/b ratio
increased in wheat, but decreased in maize (Table 4). All variants of SA treatment recovered
chlorophyll content in both plants. The pre-treatment of maize with 500 uM SA led to increase
of chlorophyll content by 28%, which exceeds control meanings by 18%. This treatment had a
positive effect for non-stressed maize plants, but decreased chlorophyll » content in wheat. Soak-
ing wheat seeds with 100 pM SA and spraying plants with 500 uM SA gave a more pronounced
effect — 13% and 16% increase respectively.
Cd revealed an adverse effect on carotenoids content in investigated plants (Table 4). SA
treatment recovered carotenoids in most variants. Also, SA provided increase of carotenoids in

non-stressed plants.
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Table 3

Effect of Cd and salicylic acid treatments on chlorophyll content in 28-days-old wheat
and maize plants (mg g' FW; M+m; n=3)
Cd, SA, Chlorophyll a Chlorophyll b Chlorophyll (a+b)
mg kg! uM T aestivum { Z. mays T aestivum { Z. mays T aestivum } Z. mays
0 (control) 1.50+0.07 1.33+0.07 063+0.03 041£002 2.13+0.10 1.74+0.09
100 soak 1.68+£0.09 1.39+0.08 0.73+0.05 0.44+0.03 241+0.14 1.83+0.09
0 100 spr 1.60+0.06 1.29+0.06 0.50+0.03 0.42+0.02 2.10+£0.09 1.71+0.10
500 soak 1.46+0.08 1.31+0.08 0.46+0.01° 0.61+0.02* 1.92+0.10 1.92+0.10
500 spr 1.780.07 1.33+£0.07 0.70+0.05 0.50+0.03 2.48+0.12 1.83+0.09
0 1.15£0.06 1.14+£0.05 036+£0.02* 0.42+0.02 1.51+0.07* 1.56+0.08
100 soak 1.40+0.06 1.30+0.07 040+0.03* 0.34+0.02 1.80+0.09 1.64+0.07
25 100 spr 1.34+0.05 1.19+£0.05 0.37+£0.02* 0.42+0.02 1.71+0.08 1.61+0.08
500 soak 1.42+0.08 1.53+0.08° 0.38+0.01* 0.53+0.04 1.80+0.09 2.06=+0.10
500 spr  1.59+0.08° 1.22+0.09 0.47+0.02* 0.36+0.03 2.06+0.10" 1.58+0.09
Comments: * significantly differing from 0 SA, ° significantly differing from 0 Cd at p<0.05.

The treatment with Cd caused increase of protein content in wheat roots and maize (refer
to figure). Slight reduction of protein accumulation was observed in wheat roots. Spraying plants
with 100 and 500 pM SA led to enhancement of protein in roots. Pre-treatment with 500 uM SA
also stimulated protein accumulation in maize shoots. SA treatment enhanced protein level in Cd-
affected wheat plants; changes were more significant in roots. Pre-treatment maize plants with
500 pM SA led to increase of protein content — 14% in roots and 22% in shoots. Spraying with the
same concentration of SA caused increase of protein level in maize roots (17%), but diminution
in shoots was observed.
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Effect of Cd and salicylic acid treatments on protein content in 28-days-old wheat (a,b) and maize (c,d)
shoots (a,c) and roots (b,d), mg/g FW: 1 —SA 0; 2 - 100 uM SA (soak); 3 — 100 uM SA (spr); 4 —500
UM SA (soak); 5 —500 uM SA (spr).
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Searching compounds with protective ability against environmental and anthropogenic
stresses, including heavy metal pollution, and studying mechanisms of their impact on plant func-
tioning may be important in its practical and theoretical aspects. The increase of own resistance of
plants to different stresses with natural plant metabolites is important for current agronomy and
horticulture. Plant hormones and their synthetical analogues are widely studied as growth regula-
tors both in natural and stressful environments [23, 36]. SA and its derivatives can be considered
in a role of a natural stress metabolite of plants, which can also result in non-stressful conditions.

In present study, the protective role of SA against Cd stress and separate SA influence have
been presented; different SA concentrations and methods of treatment have been demonstrated.
Pre-treatment with 500 uM SA revealed significant positive effect on growth parameters of both
plants, but changes of chlorophyll content were not observed. Carotenoids content increased in
both plants, but this effect was more visible in maize plants. Chlorophylls/carotenoids ratio was
depressed, which is related to carotenoids accumulation. Such SA treatment did not affect protein
content in plant tissues. Similar changes of photosynthetic apparatus were also observed in pea
[28] and hemp [30] plants under 500 uM SA pretreatment.

Table 4

Effect of Cd and salicylic acid treatments on carotenoids content,
Chl a/Chl b and Chl (a+b)/carotenoids ratio in 28-days-old wheat and maize plants
(mg g' FW; M+m; n=3)

Cd, SA, Carotenoids, mg ¢! FW Chl a/Chl b Chl (a+b)/carotenoids
mg kg! uM T. aestivum Z. mays T. aestivum ‘ Z. mays T aestivum ‘ Z. mays
0 (control)  0.97 +0.05 1.24+0.07 2.4 32 2.2 1.4
100 soak 1.17 £0.04 1.26 £0.06 2.3 3.2 2.1 1.5
0 100 spr 1.18 £0.07 1.40+£0.10 3.2 3.1 1.8 1.2
500 soak 1.03+£0.06 1.73+£0.09* 3.2 2.2 1.9 1.1
500 spr 0.90 = 0.05 1.52+0.08 2.5 2.7 2.8 1.2
0 0.77+0.05 0.89+0.05° 32 2.7 2.0 1.8
100 soak 1.04+£0.06 1.26+0.06" 3.5 3.8 1.7 1.3
25 100 spr 1.16£0.07% 1.19+0.05° 3.6 2.8 1.5 1.4
500 soak  0.72+0.03° 1.17+0.06 3.7 2.9 2.5 1.8
500 spr 0.85+0.06 1.22+0.06" 34 3. 2.4 1.3

Comments: * significantly differing from 0 SA, ° significantly differing from 0 Cd at p<0.05.

Other SA treatments have an ambiguous effect on plants. The slight increase of growth
and pigment content was observed in plants pre-treated with 100 uM SA, the effect being more
pronounced in wheat. Chlorophylls/carotenoids ratio was not changed. Some growth of protein
content occurred in maize shoots. Spraying plants with SA did not give a pronounced effect, and
there was no relationship with concentration.

SA treatments did not show a deteriorative effect on plant growth and development; treat-
ment with 500 uM SA by soaking grains was the most effective for plants. Experiments with
higher concentrations gave contradictory results [10, 19].

Our study shows that Cd has an adverse effect on leaf area, fresh and dry weight of plants
and height of maize plants. Alterations in pigment content were observed. These data are similar
with typical reaction of plant organism to heavy metal toxicity. Some mechanisms of Cd toxicity
can be assumed: (a) destructive impact of free radicals caused by Cd-induced lipid peroxida-
tion of chloroplast membranes; (b) influence of Cd on transport processes in plant organism; (c)
degradation of enzymes which take part in chlorophyll biosynthesis; (d) modulation activity of
chlorophyll-degradation enzymes; (e) substitution of Mg?" of chlorophyll [6, 31]. We observed
increase of protein level in maize roots and shoots and wheat roots, protein content in wheat



1. Boliko, M. Kobuneupka, O. Tepek
276 ISSN 0206-5657. BicHuk JlbBiBCbKOro yHiBepcutety. Cepis 6ionoriyHa. 2012. Bunyck 58

shoots being less than in control plants. Such protein accumulation can be related to the activation
of synthesis protein compounds with metal-protective abilities (phytochelatins, metallothioneins,
heat shock proteins, etc.) [17]. Differences in protein accumulation of wheat and maize plants
may be associated with a genotypic contrast in reaction to heavy metal toxicity of our experimen-
tal plants. Maize is characterized by powerful root/shoot barrier which makes Cd penetration in
shoot tissues less intensive and induces stronger protective mechanisms including hypersynthesis
of phytochelatins and metallothioneins.

Salicylic acid is known as the compound which may play a protective role in stressful
conditions [15, 16, 27]. In our study SA is studied as a potential protector for Cd-stressed plants.
We observed increase of growth parameters in plants with SA+Cd treatment. Pre-soaking with
500 uM SA had more a beneficial effect on plant than the treatment with 100 uM SA. Spraying
with SA showed results only for wheat plants. SA treatments (except soaking with 100 uM SA)
revealed a stimulative effect on protein accumulation in wheat plants, especially in roots. Sig-
nificant changes of protein content in maize were observed in variant with 500 uM SA treatment
(soaking). We can assume that protein accumulation is related to the synthesis of stress-protective
metal-binding proteins. SA is reported to be able to increase specific and non-specific protective
mechanisms of stress tolerance in plants, such as enhancing efficiency of antioxidant system
and inducing synthesis of metal-binding compounds, regulating different physiological and bio-
chemical processes and participating in plant signaling networks [4]. We can summarize that SA
is able to mitigate adverse effect of Cd on plants, and pre-treatment with 500 uM SA manifested
beneficial effect for both investigated plants. Our results can be implemented in agronomy and
horticulture of cereal plants. The results of investigations used in application of patent for a utility
model [2].

REFERENCES

1. Epmaxoeé A. M. Metonpl OMOXMMHUYECKUX HCCienoBaHMNA pacteHuid. JI.: Arporpomuszar,
1987. 430 c.

2. Tlar.u201114216. Cmoci® MiNBUIICHHS CTIHKOCTI CLIBCHKOTOCHOAAPCHKUX POCIUH [0
Iii 10HIB BaXKKUX METAJB KaJMito Ta cBUHINO / Bouko I.B., Koouneyvka M.C., Tepex O.1;
JIbBiBCHKUIT HalliOHAJIBHUH yHIBepcHUTeT iMeHi IBaHa ®panka; 3as81 01.12.2011.

3. Ananieva E. A., Alexieva V. S., Popova L. P. Treatment with salicylic acid decreases the ef-
fects of paraquat on photosynthesis // J. Plant Physiol. 2002. Vol. 159. P. 685—693.

4. Baluska F., Mancuso S. Signaling and Communication in plants. Berlin, Springer, 2009.
307 p.

5. Ben Ahmed, Hela, Abidi et al. Salicylic acid induced changes on some physiological param-
eters in tomato grown under salinity // The Proceedings of the International Plant Nutrition
Colloquium XVI (UC Davis) http://www.escholarship.org/uc/item/5j07c5vj. Accessed 04
Dec 2009.

6. Benavides M. P, Gallego S. M., Tomaro M. L. Cadmium toxicity in plants // Braz. J. Plant
Physiol. 2005. Vol. 17. P. 21-34.

7. Borsani O., Valpuesta V., Botella M. A. Evidence for a role of salicylic acid in the oxidative
damage by NaCl and osmotic stress in Arabidopsis seedlings / Plant Physiol. 2001. Vol. 126.
P. 1024-1030.



1. Botiko, M. Kobuneuska, O. Tepek
ISSN 0206-5657. BicHuk JlbBiBCbKkoro yHiBepcuteTy. Cepis 6ionoriyHa. 2012. Bunyck 58 277

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.
19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

Bradford M. M. A rapid and sensitive method for the quantification of microgram quantities
of protein-dye binding // Anal. Biochem. 1976.Vol. 72. P. 248—254.

Canakci S. Effects of salicylic acid on fresh weight change, chlorophyll and protein amounts
of radish (Raphanus sativus L.) seedlings // J. Biol. Sci. 2008. Vol. 8. P. 431-435.

Canakci S., Munzuroglu O. Effects of salicylic acid on growth and chlorophyll destruction of
some plant tissues // Wourld J. Agric. Sci. 2009. Vol. 5. P. 577-581.

Dat J. F, Foyer C. H., Scott I. M. Changes in salicylic acid and antioxidants during induced
thermotolerance in mustard seedlings // Plant Physiol. 1998. Vol. 118. P. 1455—1461.
Drazic G., Mihailovic N. Modification of cadmium toxicity in soybean seedlings by salicylic
acid // Plant Sci. 2005. Vol. 168. P. 511-517.

El-Tayeb M.A., El-Enany A.E., Ahmed N.L. Salicylic acid-induced adaptive response to
copper stress in sunflower (Helianthus annuus L.) // Plant Growth Regul. 2006. Vol. 50.
P. 191-199.

Gunes A., Inal A., Alpaslan M. et al. Effects of exogenously applied salicylic acid on the
induction of multiple stress tolerance and mineral nutrition in maize (Zea mays L.) // Arch.
Agron. Soil. Sci. 2005. Vol. 51. P. 687-695.

Hayat S., Ahmad A. Salicylic acid: a plant hormone. Netherlands: Springer, 2007. 410 p.
Hayat Q., Hayat S., Irfan M., Ahmad A. Effect of exogenous salicylic acid under changing
environment: a review // Environ. Exp. Bot. 2010. Vol. 68. P. 14-25.

Hall J.L. Cellular mechanisms for heavy metal detoxification and tolerance // J. Exp. Bot.
2002. Vol. 53. P. 1-11.

Kabata-Pendias A., Pendias H. Trace elements in soils and plants. CRC Press, 2001. 403 p.
Khodary S. Effect of salicylic acid on the growth, photosynthesis and carbohydrate metabo-
lism in salt stressed maize plants // Int. J. Agric. Biol. 2004. Vol. 6. P. 5-8.

Koch J. R., Creelman R. A., Eshita S. M. et al. Ozone sensitivity in hybrid poplar correlates
with insensitivity to both salicylic acid and jasmonic acid. The role of programmed cell death
in lesion formation // Plant Physiol. 2000. Vol. 123. P. 487—496.

Krantev A., Yordanova R., Janda T. et al. Treatment with salicylic acid decreases the effect of
cadmium on photosynthesis in maize plants // J. Plant Physiol. 2008. Vol. 165. P. 920—931.
Kvesitadze G., Khatisashvili G., Sadunishvili T., Ramsden J. J. Biochemical mechanisms of
detoxification in higher plants. Berlin: Springer, 2006. 267 p.

Li L., van Staden J. Effects of plant growth regulators on the antioxidant system in callus of
two maize cultivars subjected to water stress // Plant Growth Regul. 1998. Vol. 24. P. 55—-66.
Mahdavian K., Kalantari K.M., Ghorbanli M., Torkzade M. The effects of salicylic acid on
pigment contents in ultraviolet radiation stressed pepper plants // Biol. Plant. 2008. Vol. 52.
P. 170-172.

Morel J. L., Echevarria G., Goncharova N. Phytoremediation of metal-contaminated soils.
Netherlands: Springer, 2006. 356 p.

Pal M., Szalai G., Horvath E. et al. Effect of salicylic acid during heavy metal stress / Acta
Biol. Szeged. 2002. Vol. 46. P. 119-120.

Popova L., Pancheva T., Uzunova A. Salicylic acid: properties, biosynthesis and physiologi-
cal role // Bulg. J. Plant Physiol. 1997. Vol. 23. P. 85-93.

Popova L. P, Maslenkova L. T, Yordanova R. Y. et al. Exogenous treatment with salicylic
acid attenuates cadmium toxicity in pea seedlings // Plant Physiol. Biochem. 2009. Vol. 47.
P. 224-231.

Raskin I. Salicylate, a new plant hormone // Plant Physiol. 1992. Vol. 99. P. 799—-803.



278

1. Boliko, M. Kobuneupka, O. Tepek
ISSN 0206-5657. BicHuk JlbBiBCbKOro yHiBepcutety. Cepis 6ionoriyHa. 2012. Bunyck 58

30.

31.

32.
33.

34.

35.

36.

37.

38.

39.

Shi G. R., Cai Q. S., Liu Q. Q. Salicylic acid-mediated alleviation of cadmium toxicity in
hemp plants in relation to cadmium uptake, photosynthesis, and antioxidant enzymes // Acta
Physiol. Plant. 2009. Vol. 31. P. 969-977.

Singh V. P. Metal toxicity and tolerance in plants and animals. New Dehli: Sarup & Sons,
2005.

Singh V. P. Toxic metals and environmental issues. New Dehli: Sarup & Sons, 2005.

Suzuki H., Xia Y., Cameron R. et al. Signals for local and systemic responses of plants to
pathogen attack // J. Exp. Bot. 2004. Vol. 55. P. 169—179.

Tari I, Csiszar J., Szalai G. et al. Acclimation of tomato plants to salinity stress after a sali-
cylic acid pre-treatment // Acta Biol. Szeged. 2002. Vol. 46. P. 55—-56.

Tasgin E., Atici O., Nalbantoglu B. Effects of salicylic acid and cold on freezing tolerance in
winter wheat leaves // Plant Growth Regul. 2003. Vol. 41. P. 231-236.

Tsvilyniuk O., Terek O. Appearance of bulges on maize roots as affected by 6-benzylamino-
purine and a-naphthylacetic acid // Biol. Plant. 1996. Vol. 38. P. 33-37.

Vassilev A., Yordanov I. Reductive analysis of factors limiting growth of cadmium-treated
plants: a review // Bulg. J. Plant Physiol. 1997. Vol. 23. P.114-133.

Wang L., Fan L., Loescher W. et al. Salicylic acid alleviates decreases in photosynthesis
under heat stress and accelerates recovery in grapevine leaves / BMC Plant Biol. 2010. Vol.
10. P. 34—44.

Wang H., Feng T, Peng X. et al. Up-regulation of chloroplastic antioxidant capacity is in-
volved in alleviation of nickel toxicity of Zea mays L. by exogenous salicylic acid // Ecotoxi-
col. Environ. Saf. 2009. Vol. 72. P. 1354-1372.

Cmamma: naditiwna oo pedaxyii 30.11.11

nputinama 0o opyky 19.12.11

CAJIIIAIIOBA KHUCJIOTA SIK PEI'YIATOP POCTY POCJIMH 3A
YMOB KAJIMIEBOI'O CTPECY

I. Boiiko, M. Koounieunska, O. Tepek

JIvgiecokutl nayionanvuuil yHieepcumem imeni leana @panxa
syn. I pywescvkoezo, 4, Jlveise 79005, Yrpaina
e-mail: iryna.boiko@yahoo.com

CanitioBa kucnnora (CK) BimoMa sIK y4acHHK CTPECOBHX peakiiii pOCIHH.
HocnijkyBaBcs BIDIMB pi3HHX MeTodiB 00pobku CK (momepenHe 3amodyBaHHsS HacCiHHS
Ta o0npucKyBaHHs 7-1000BuX mpopoctkiB 100 Ta 500 MmxM CK) Ha pocnuHM MIIEHUII Ta
KyKypya3u. Bussneno HeratuBHuii BruB ioHiB Cd Ha IOy JIMCTKOBOI MOBEPXHi, Macy
pocnuH i BMicT porocuHTeTHYHMX mirMeHTiB. Brum CK 3HIKye TOKCHYHUI e(eKT 10HIB
Cd Ha picT i MIrMEHTHY CUCTEMY JOCHIPKYBaHUX pOCiIMH. BusiBneHi 3MiHM y BMicTi Oinka
B TKaHMHAX pOCIUH 3a crpecoBux ymoB Ta ail CK. [TokasaHo, 1110 10MoCiBHE 3aMOUyBaHH
Hacinus y 500 MkM CK mae HaiimoMiTHINIHI eeKT A1 000X JOCITIHKYBAHUX POCITHH.

Kniouosi cnosa: Triticum aestivum L., Zea mays L., caninuioBa Kuciiora, Kaamiii,
pict.
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CAJIMIINJIOBAS KUCJIOTA KAK PEI'VJISITOP POCTA PACTEHUU
B YCJIOBUSAX KAJIMUEBOI'O CTPECCA

. Boiiko, M. KoobL1enkas, O. Tepek

Jlve06cKULl HayuoHANbHYI YHUSepcumem umenu Meana @panko
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e-mail: iryna.boiko@yahoo.com

CaymmmmoBas kucnora (CK) u3BecTHa Kak yYaCTHHK CTPECCOBBIX PEaKIMi pac-
TeHnil. VMccnenoBany BIMSHEE pa3IMYHBIX criocoboB obpabotkn CK (mpenBaputensHOe
3aMauylBaHUE CEMsSH M OIpbICKMBaHHE 7-cyTouHBIX pocTkoB 100 m 500 mMxM CK) Ha
pacTeHus MIIEHUIBl U KyKypy3bl. OOHapyxeHO oTpuuarenbHoe BimsiHMe noHoB Cd Ha
IUTOIIAb JINCTOBOI IOBEPXHOCTH, MacCcy PacTeHWH M ColepikaHhue (OTOCHHTETHUECKUX
murmenToB. Bimsane CK cHmxkaer Tokcnueckuit 3¢ ekt nonos Cd Ha pocT ¥ MMATMEHT-
HYIO CHCTEMY HCCJIENOBAaHHBIX pacTeHnil. OOHapyKeHbl N3MEHEHUs COJlep)KaHusl OelKa B
TKaHSAX PAacTeHUI MOJ BIUSHUEM cTpeccoBbIX yciaoBull u Bosaeiictausa CK. IlokaszaHo, uto
npexnoceBHoe 3amaunBanue ceMsH B 500 MkM CK nmeet Hanbosee 3aMeTHBIH 2 dexT st
000UX HCCIIEIOBAHHBIX PACTEHHH.

Kurouesvie cnosa: Triticum aestivum L., Zea mays L., canununoBas KUCIOTa, Kaj-
MUH, pOCT.



