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Abstract

The effect of different concentrations (0.25mM, 0.5mM) of Cu®* on growth parameters were investigated in
hydroponically grown five wheat (Triticum aestivum L.) varieties (Kazakhstanskaya rannaya, Kazakhstanskaya-3, Melturn,
Kaiyr and Shagala). Sensitive and tolerant wheat varieties were taken for other physiological and biochemical analysis: RWC,
proline and malondialdehyde (MDA) content, photosynthetic pigments and peroxydase and superoxide dismutase activity.
Wheat varieties exposed to 0.5mM Cu?* exhibited significant growth reduction. The results showed that growth, physiological
and bhiochemical parameters were significantly reduced at 0.5 mM Cu?* compared to untreated control plants. Wheat varieties
tolerant and sensitive to Cu®* were identified. MDA content in tolerant variety was less as compared to varieties sensitive to
copper. In tolerant variety photosynthetic pigments (chlorophyll-a, chlorophyll-b, carotenoids) content was decreased to a less
extent compared to sensitive varieties. The highest SOD and POD activity was observed at 0.5mM of copper.
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Introduction

Copper (Cu) is an essential trace element for plants.
But when copper is absorbed in large quantities, it becomes
toxic and causes inhibition of plant growth and
development. IT has a negative impact on the physiological
and biochemical processes, as well as the cause of various
anomalies in the anatomical structure of the leaves and
roots (Maksymiec, 1997; Hakmaoui et al., 2007; Gostin,
2009; Cvetanovska et al., 2010; Hussain, 2010; Gomes et
al., 2011). As a result of disturbance of the physiological
and biochemical processes, a reduction in the yield of crops
is reported (Kabata-Pendias, 2001; Cheng 2003; Fuentes et
al., 2007 Meng et al., 2007; Tekli et al., 2008; Haribabu &
Sudha, 2011; Hatamzadeh et al., 2012. Azooz et al., 2012).

In plants like Tanacetum vulgare L. under copper
stress the thickness of the lower and upper epidermis is
changed. A decrease in leaf mesophyll cells, reduction in
palisade parenchyma, as well as decrease in chlorophyll
content in leaves have been reported (Mikovilovi &
Dragosavac 2010).

Heavy metals, especially Cu causes an increase in the
content of malondialdehyde - a product of lipid
peroxidation. Malondialdehyde content indicates the level
of lipid peroxidation, i.e. oxidative stress. Lipid
peroxidation leads to damage of structure and functions of
membranes, and can also cause permanent damage of cell
functions (Reinheckel et al., 1988; Mathad & Pratima
2009; Patsikka et al., 2002). Copper participates in the
Fenton reaction, and is capable of generating reactive
oxygen species (ROS), and thus can cause oxidative stress.
ROS cause oxidative modification of proteins and produce
reactive aldehydes - products of lipid peroxidation, which
leads to degeneration of membranes. Another possible
object of reactive oxygen species - the oxidation of
proteins. ROS cause oxidation of the amino acids (Mathad
& Pratima, 2009). Copper causes a reduction in chlorophyll
content of various plant species. The rice plants (Oryza
sativa L.), which were grown in the medium, polluted by
copper, the content of chlorophyll a and b and carotenoids
was decreased with increasing concentration of metal
(Lidon & Henriques, 1992).

Oxidative stress, caused by an excess of Cu ions, also
destroys chlorophyll, which in turn leads to a decrease in
carotenoid synthesis. Copper indirectly affects the
synthesis of photosynthetic pigments by terpenoid
biosynthetic pathways (Droppa, 1988).

Significant areas of soil and water near large
industrial complexes in Kazakhstan are contaminated by
copper ions; particularly in the area around the production
and refining of copper, such as "BalkhashMed" and
"ZhezkazganTsvetMed" (Panin, 2000; Tasekeev, 2004).
Industrial wastes from copper mining companies in the
Balkhash region contaminate soil and waters adjacent to
the lake Balkhash, where wheat is a common crop
(Aubekerov et al., 2014). In this regard, identification of
wheat varieties that are resistant to Cu stress, and
understanding the physiological and biochemical basis of
resistance is one of the essential tasks in the area of food
safety and to increase crop production. Selection of Cu
tolerant wheat varieties is one of the most effective tools
to improve productivity of Cu contaminated soils. The
objective of the present work was to identify Cu-tolerant
wheat varieties, and determine the physiological and
biochemical features of selected varieties in response to
Cu stress. Five commonly used wheat varieties in
Kazakhstan were tested for their sensitivity/tolerance to
Cu stress using phenotypic and biochemical parameters.
These varieties were: Kazakhstanskaya-3,
Kazakhstanskaya rannaya, Melturn, Kaiyr, and Shagala.

Materials and Methods

Plant material, treatments: The five wheat varieties:
Kazakhstanskaya-3, Kazakhstanskaya rannaya, Melturn,
Kaiyr, Shagala were selected. Seeds were germinated in
a growth chamber at 25°C. Plants were grown in
hydroponic conditions for 7 days in water, containing
various concentrations of copper. Three treatments were
defined as: no Cu added (control), 0.25mMCuSO4 (low
CuSO;, concentration) and 0,5 mM CuSOg4 (high CuSO4
concentration).
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Copper tolerance index: Measurement of biometric
parameters were made according to routine methods.
Copper tolerance index (T1) was calculated as the quotient
of the dry weight of plants grown in the presence of Cu
and control conditions (Balint et al., 2002) according to
the formula:

Dry weight of Cu-treated plants
Dry weight of control plants

TI (%) = x 100

Determination of photosynthetic pigments: It was
performed as described by Shlyk (1971). Leaves 0.1 g
were ground in 80% acetone, filter and bring up to 25 ml
of a solution of acetone. Then the absorbance was
measured at different wavelengths

Absorbance was measured with a spectrophotometer
at wavelengths of 665, 649 and 440.5 nm. Calculation of
the content of pigments was done by the following
formula:

Chla (mg/L) = 11.63 X Asss— 2.39 X Asag;
Chlp (mg/L) = 20.11 X Agsg— 5.18 X Ages;
Chla+Chly (mg/L) = 6.45 X Asest17.72 X Asag,

where Chl — chlorophyll concentration, mg/L, A -
Absorbance at a given wavelength.

Carotenoid content was determined by the formula:
Car (mg/L) = 4.695XAu405— 0.268(Chl;+Chlpg),

where Car — carotenoids concentration, mg/L, Chl —
chlorophyll concentration, mg/L; A — optical density at a
given wavelength.

Then the pigment content per mg/g was recalculated:
A = ChlIV/P x1000,

where A - pigment content, mg/g, Chl- chlorophyll
concentration, mg /L; V - volume hoods, ml; P — plant
sample weight, g.

Determination of relative water content (RWC): It was
performed according to Schonfeld et al. (1988). It was
measured wet weight of 20 disks of leaves. Turgid weight
(TW) was determined after incubation of disks in distilled
water for 16-18 hours. After incubation, the wheels
quickly and carefully dried with a paper for determination
of TW. The dry weight (DW) was measured after drying
in oven at 70°C for 72 hours.
RWC calculated using the formula:

RWC = [(FW - DW)/(TW - DW)] x 100.

A quantitative method for the determination of
proline content (Bates et al., 1973). The leaves of five
seedlings were weighted and were poured by 5 ml of
boiling distilled water. The tubes were placed in a water
bath, heated to boiling, boiled for 30 min. and cooled. For
control variant the tube containing 1 ml of distilled water,
1 ml of ninhydrin reagent and 1 ml of glacial acetic acid
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are placed in a water bath. For test variants instead
distilled water it was taken 1 ml of vegetable extract. All
tubes were heated for 1 hour and then cooled. Absorbance
of solutions is measured spectrophotometrically at 522
nm. Proline concentration is determined using the
previously prepared calibration curve. Then proline
content in the samples is calculated using the formula:

A =n x V/P, where

a - content of proline

n - value of the calibration curve,
V - volume of dilution, ml

P - sample weight

Determination of lipid peroxidation: Lipid peroxidation
was measured by a method based on the registered
amount of malondialdehyde formed by reaction with 2-
thiobarbituric acid (TBA) (Merzlyak et al., 1978).

Weigh roots (1 g) was grinded under cooling with 4 ml
Tris-HCI buffer (pH 7.6), then filtered and the filtrate was
centrifuged for 20 min at 8000 rpm. From the centrifugate
was 2 ml of homogenate, 0.5 ml of distilled H,O and 2.5 ml
of 0.5% 2-thiobarbituric acid in 20% trichloroacetic acid
(TCA). The samples was incubated for 30 min in a water
bath and cooled. Then they were centrifuged for 20 min at
7000 rpm. Pellet carefully decanted into clean tubes and
absorbance was measured by a spectrophotometer at 532
nm.Calculation of the content of malondialdehyde (MDA)
was performed by the formula:

C=AxVxy,
I

where A - absorbance;

V - volume of the cuvette;

v - dilution; ¢ - extinction coefficient 0.155 mM/cm?,
The content of MDA was expressed in uM/g wet weight.

Determination of superoxide dismutase (SOD)
activity: Leaves (approximately 0.1 g) were grinded in a
mortar in an extraction mixture consisting of 50 mM
phosphate buffer (pH 7.8), 1.0 mM EDTA, 0.05% Triton
X-100, 2% polyvinilpolypirrolydon (PVPP) and 1 mM of
ascorbic acid. The homogenate is centrifuged at 16,000 g
for 15 min. The supernatant was used for determination of
SOD activity.

SOD activity was assayed by the method described
by Beauchamp &Fridovich (1971), based on the
inhibition of photochemical reduction of nitro blue
tetrazolium (NBT) at 560 nm with the following
modification:

The reaction mixture (1 ml) contains phosphate
buffer (pH 7.8), EDTA, 13 mM methionine, 75 mM NBT,
16.7 pM riboflavin and 0.1 ml of enzymatic extract
(protein content around 50 mg). Riboflavin was added last
and the reaction initiated by placing the tubes under two
fluorescent lamps of 9 watts. The reaction was stopped
after 15 min by removing the tube from the light source.
Maximum recovery of NBT and hence maximum light
absorption test sample was compared with the control
sample absorption of light and thus obtaining the
percentage of inhibition. The amount of enzyme, required
for 50% inhibition of photoreduction of NBT, was taken
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as the unit of enzyme activity. Specific activity of SOD is
expressed in units per mg of protein.

Determination of peroxidase (POD) activity: The cells
were homogenized in a medium containing 0.05 M
acetate buffer, pH 5.6. The ratio of the volume of
homogenization medium and a plant sample was 10:1.
The homogenate was centrifuged for 15 minutes at 14,000
rpm. The precipitate was discarded and the supernatant
("crude extract") was used to determine the activity of
POD. The reaction mixture contained 0.05 M acetate
buffer, 6.4 mM solution of o-dianisidine, 15 mM of
hydrogen peroxide solution and the extract enzyme (10-
50 mg protein/ml). After a quick mixing of the reagents
the changes in optical density were followed. The initial
speed o-dianisidine oxidation at room temperature at 460
nm was noted. The reaction rate was determined from the
tangent of the angle of inclination of the initial straight
portions of kinetic changes in optical density over time,
according to the method of Lebedev (1977).

ANOVA with varieties and treatment as main effects
for physiological and biochemical parameters was done.
All values are expressed as the mean of three
measurements for each treatment. Least significant
difference (LSD) test was used to assess the differences
between the mean values of control and Cu-treated plants;
p<0.05 was considered statistically significant.

Results
Growth parameters: The effect of Cu (0.25 and 0.5 mM

CuSQOa) on length and biomass of root and leaf organs of
the five wheat varieties was studied. These parameters
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decreased as Cu?* increased in all varieties. The analysis
of variance for shoot and root length is presented in Table
1 and it showed significant effect (p<0.01) of both
concentrations of Cu in both traits (Table 1). At high
concentration of Cu?*, length of roots of Kaiyr variety
decreased significantly as compared to other varieties.

Application of the intense Cu stress (0.5 mM)
showed a decrease in the length of roots and shoots in
relation to control in all studied varieties: length of roots -
Melturn (56%) > Kazakhstanskaya rannaya (55%) >
Kazakhstanskaya-3 (53%) > Shagala (52%) > Kaiyr
(42%); shoots - Melturn(53%) > Kazakhstanskaya
rannaya (43%) > Kaiyr(36%) > Kazakhstanskaya-3 (32%)
> Shagala (26%) (Table 1). The comparison of means
between all varieties for the growth traits showed that
high Cu?* concentration had significant adverse effect on
biomass of shoots of Kayir, Kazakhstanskaya-3, Shagala
cvs. The shoots biomass of these varieties decreased by
64, 68, 74%, respectively.

Biomass accumulation by roots in Melturn and
Kazakhstanskaya rannaya varieties was decreased in low
extent as compared to other species. Roots biomass at 0.5
mM CuSOs was decreased in the following order:
Kazakhstanskaya rannaya (53%) > Melturn (50%) >
Kaiyr (45%) > Kazakhstanskaya-3 (30%) > Shagala
(20%) (p<0.01) (Fig. 1). On Cu tolerance index (biomass
accumulation by shoots as a % to control) varieties can be
arranged as follows: Kazakhstanskaya rannaya (55%) >
Melturn (53%) >Shagala (44%) > Kaiyr (30%) =
Kazakhstanskaya-3 (30%) (p<0.01) (Fig. 2).

By growth parameters at high Cu concentration (0.5
mM). Kazakhstanskaya rannaya and Melturn were more
tolerant compared with other varieties, Kaiyr and
Kazakhstanskaya-3 were more sensitive to Cu.

Table 1. Effect of copper on growth parameters of wheat varieties. Differences within variety across treatments
for shoots and roots are significant (p<0.01). For shoots LSD - 5.36; for roots LSD — 3.0 at p<0.05.

Height of shoots**

Length of roots***

Treatments sm | % sm | %
Kazakhstanskaya rannaya

Control 18,68 + 0,35a 100 8,94 £ 0,06 100
CuSO;4 - 0,25 mMol/L 8,78 +0,17b 47 6,15+ 0,08 69
CuSO4- 0,5 mMol/L 7,95+ 0,07c 43 4,9+0,12 55
Melturn

Control 15,18 + 0,152 100 5,7+0,05 100
CuSO4 - 0,25 mMol/L 8,60+0,16° 57 4,0+£0,08 70
CuSO4- 0,5 mMol/L 8,00+ 0,16° 53 3,2+0,09 56
Kaiyr

Control 25,25+0,13? 100 9,11 + 0,07 100
CuSO;4 - 0,25 mMol/L 12,20 +0,09° 48 5,60 £ 0,09 62
CuS0s- 0,5 mMol/L 9,00 £ 0,086° 36 3,85+0,08 42
Kazakhstanskaya-3

Control 15,85+ 0,682 100 58+0,17 100
CuSO4 - 0,25 mMol/L 10,90 +£0,13° 69 45+0,18 78
CuS04- 0,5 mMol/L 5,00+ 0,078°¢ 32 3,1+0,15 53
Shagala

Control 22,32 £ 0,232 100 8,25 £ 0,06 100
CuSO4 - 0,25 mMol/L 12,51 +0,234" 56 6,53 £ 0,068 79
CuSO4- 0,5 mMol/L 5,90 £ 0,023°¢ 26 4,33 £ 0,080 52

Means within columns for the shoots with the same letters are not significantly different. Means within columns for the roots are

significantly different
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Fig. 1. Effect of copper (Cu?*) on roots biomass of wheat
varieties. Vertical bars represent + SD of three replicates (n=3)
LSD=1.08 at p<0.05.
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Fig. 2. Effect of copper (Cu?*) on shoots biomass of wheat
vatieties.Vertical bars represent + SD of three replicates (n=3),
LSD=3.19 at p<0.05
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Fig. 3. Effect of copper on chlorophyll-a content in wheat leaves
in the presence of copper in the medium. Vertical bars represent
+ SD of three replicates (n=3), LSD=0.3 at p<0.05.
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Photosynthetic pigments content: Three wheat varieties
differing in tolerance to Cu by growth parameters were
subjected to further physiological and biochemical analyses.
The effect of Cu?*on chlorophyll content in leaves depended
on the concentration of Cu. Chlorophyll content was
decreased in all varieties. At 0.25 mM CuSOsthe chlorophyll
content  decreased in  Kazakhstanskaya  rannaya,
Kazakhstanskaya-3, and Shagala varieties by 9, 14 and 18%,
respectively (Fig. 3) (p<0.01). Application of 0.5 mM CuSO4
reduced of chlorophyll-a content significantly in comparison
with control plants. Content of chlorophyll-a in
Kazakhstanskaya rannaya and Shagala was decreased to the
same extent - by about 60 % of control, respectively. In
Kazakhstanskaya-3, chlorophyll content was decreased the
least (by — by. 47% in; Kazakhstanskaya rannaya (53%), and
> Shagala (39%) > Kazakhstanskaya-3 (38%) (p<0.05).

The content of chlorophyll-b at 0.5 mM CuSO; in
different wheat varieties decreased in the following order:
Kazakhstanskaya rannaya (54%) > Kazakhstanskaya-3 (39%)
> Shagala (38%) (p<0.05) (Fig. 4). At low concentrations of
Cu?*, the content of carotenoids was increased by more than
20% in Kazakhstanskaya rannaya (Fig. 5); however, in
Kazakhstanskaya-3 and Shagala, the same concentration of
Cu carotenoids caused a reduction by >30%. At high
concentration of Cu (0.5 mM) carotenoid content were lower
in all varieties by almost 70%. According to the content of
carotenoids at 0.5 mM CuSO, the varieties ranged as follows:
Kazakhstanskaya rannaya (31%) > Shagala (29%) >
Kazakhstanskaya -3 (24%) (p<0.05) (Fig. 5).

The relative water (RWC) and proline content in leaves
of wheat: By lowering relative water content at the
concentration of 0.5 mM CuSO. wheat varieties showed
the following results (% of control): Kazakhstanskaya
rannnaya (90) > Shagala (86) > Kazakhstanskaya-3 (81)
(Fig. 6). RWC value of Kazakhstanskaya-3 variety is
reduced to the greatest extent, and this variety among
others is less tolerant to the Cu effect on growth
parameters. To cope the water deficit generated due to Cu?*
stress plant need to accumulate osmolites like proline.

By proline content under the effect of 0.5 mM CuSQO,
wheat varieties are arranged in the following order (% to
control): Shagala (809%) > Kazakhstanskaya rannaya
(693%) > Kazakhstanskaya-3 (478%) (Fig. 7). In Shagala
and Kazakhstanskaya rannaya varieties the proline content
was increased to the greatest extent relatively to control.

Malondialdehyde content: At 0.25 mM CuSOxs the level of
malondialdehyde in Kazakhstanskaya rannaya variety was
increased to a lesser extent as compared to other varieties (by
11% compared to control) (Fig. 8). In Shagala and
Kazakhstanskaya-3 varieties malondialdehyde content at
0.25 mM CuSOQq increased by 18 and 14%, respectively. At a
high concentration of Cu (0.5 mM CuSQO,) the level of
malondialdehyde in Shagala and Kazakhstanskaya-3
varieties was increased by 25 and 19%, respectively, the least
increasing of malondialdehyde content was observed in
Kazakhstanskaya rannaya variety — by 14%. By increasing
the degree of lipid peroxidation at 0.5 mM CuSQsa, varieties
can be arranged as follows: Shagala (125%) >
Kazakhstanskaya-3 (119) > Kazakhstanskaya rannaya
(114%) (p<0.05).



WHEAT VARIETIES UNDER COPPER STRESS

1.4 1 Control "CuSO4 - 0,25 mM sCuSO4 - 0,5 mM

Chlorophyll-b, mg/g
e e e — -
. =} co 3

e
o

Kazakhstanskay-3

Kazakhstanskaya rannaya

Shagala

Fig. 4. — Chlorophyll-b content in leaves in the presence of
copper in the medium. Vertical bars represent £ SD of three
replicates (n=3), LSD=0.19 at p<0.05.
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Fig. 5. Effect of Cu?* on carotenoids content in wheat leaves.
Vertical bars represent + SD of three replicates (n=3),
LSD=0.028 at p<0.05.
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Fig. 6. Effect of copper (Cu?*) on relative water content in whet
leaves. Vertical bars represent + SD of three replicates (n=3),
LSD=4.29 at p<0.05.
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Fig. 7. Effect of copper (Cu?* ) on proline content in wheat
leaves. Vertical bars represent + SD of three replicates (n=3),
LSD=7.54 at p<0.05.
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Fig. 8. Effect of copper on malondialdehyde content in wheat
leaves. Vertical bars represent + SD of three replicates (n=3),
LSD=0.79 at p<0.05.
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Fig. 9. Effect of copper (Cu?") on SOD activity in wheat leaves.
Vertical bars represent + SD of three replicates (n=3), LSD=19.9
at p<0.05.
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Fig. 10. Effect of copper (Cu?* ) on POD activity in wheat
leaves. Vertical bars represent + SD of three replicates (n=3),
LLSD=18.9 at p<0.05.

Superoxide dismutase and peroxidase activity of wheat
leaves: SOD activity significantly increased under Cu stress.
In the resistant variety Kazakhstanskaya rannaya the enzyme
activity was increased more than 5 times. By the increase of
the SOD activity wheat varieties at 0.5 mM CuSO, can be
arranged in the following order (% to control): -
Kazakhstanskaya rannaya (534) > Kazakhstanskaya-3 (266)
> Shagala (120) ((Fig. 9).

By POD activity increase under Cu stress (0.5 mM)
wheat varieties can be arranged in the next row (% to
control): Kazakhstanskaya rannaya (253) >
Kazakhstanskaya-3 (148) > Shagala (119) (Fig. 10).

Discussion

The data presented here demonstrate that the growth
parameters like length of the roots and shoots, and the
shoot biomass accumulation of wheat was significantly
affected by Cu. These results are consistent with the
previous reports (Kabata-Pendias, 2001; Chen et al.,
2004; Meng et al., 2007).

Similar results were obtained by Wang & Zhou
(2005) when they studied the effect of chlorimuron-ethyl,
copper and cadmium on wheat growth. They concluded
that wheat sensitivity to toxicity of these pollutants were
as follows: root elongation> elongation of above-ground
organs > germination rate. It has been found that various
concentrations of copper are toxic for wheat growth and
germination percentage, plumule length, root length,
lateral root number, fresh weight, dry weight and relative
water content was also decreased with increasing
concentration of copper (Singh et al., 2007).

Copper and other heavy metals cause inhibition of
elongation growth, as well as reducing the accumulation of
plant biomass, which is a consequence of the breach of the
photosynthesis process. In our study, the chlorophyll
content decreased as Cu concentration increased in the
growth medium. Weak growth of wheat under copper
stress Singh et al. (2007) explained by poor breakdown of
starch by low amylase activity because in their experiments
the amylase activity in seeds under the Cu stress decreased
in comparison to control. Heavy metals have a negative
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impact on the synthesis of chlorophyll at the level of the
synthesis of enzymes or reduce the absorption elements
necessary for the synthesis of pigments. The chlorophyll
content was reduced in wheat plants (Triticum aestivum
L.), grown in the presence of copper ions in the soil
(Lanaras et al,. 1996), in Citrus plants (llyas et al., 2015)
and Brassica oleraceae, exposed to copper, cobalt and
chromium (J. Chatterjee and C. Chatterjee 2000), in citrus
and rice plants that were growing in a medium, polluted by
copper (Lidon & Henriques, 1992).

Heavy metals have a negative influence on
chlorophyll biosynthesis and inhibit the activity of
protochlorophyll reductase  and  synthesis  of
aminolevulinic acid. The high ratio of chlorophyll a and
chlorophyll b indicates changes in relation of FS2/FS1
under stress (Fry et al., 2002). Copper can substitute Mg
in chlorophyll. Cu-porphyrine dissipate energy in the
form of heat and strongly decrease the fluorescence
efficiency (Skérzynska-Polit et al., 2010).

The manganese content in plants decreases in the
presence of large amounts of copper in the growth
medium. The reduction of manganese leads to a decrease
in phytoene since manganese is required for the synthesis
of phytoene. Iron deficiency, caused by an excess of
copper in the growth medium leads to a reduction of
protochlorophyll. According to other researchers heavy
metals cause disruption of cell structure of the leaves,
reducing intercellular space, structural changes in the
thylakoids of chloroplasts (Stobart et al., 1985; Oncel et
al., 2000; Yin et al., 2008), closing of stomata, thickening
of the cell wall, disorganization of thylakoids and stroma
that cause a reduction of chloroplast photosynthetic
activity (Patsikkd, 2002; Vassiliev et al., 2003). Thus,
chlorophyll content and photosynthesis rate is an index of
plant tolerance to stress.

In our research RWC was decreased under Cu stress.
Relative water content (RWC) decreased under heavy
metals stress as a proposed indicator of phytotoxicity in
Indian and Chinese mustard, brake fern (Su et al., 2005;
Brunet et al., 2008). Water deficiency caused the
lowering of absorption ability of PSII antenna pigment in
Populus euphratica seedlings; this lead to the decreasing
of photosynthesis activity (Yang et al., 2015). Plants with
decreased water content enhance the synthesis of
osmolytes, particularly proline. In our study, proline
content increased as RWC decreased. Proline is a non-
essential amino acid and is synthesized in a plant
whenever it is subjected to stress. Accumulation of
proline in plants is a common response to abiotic stresses
(Brunet et al., 2008). It is known that proline is a source
of carbon and nitrogen for quick recovery under stress,
and that it stabilizes cell membrane and some
macromolecules, and it is a free radical scavenger (Jaleel
& Azooz, 2009).

One of the fastest non-specific reactions of cell
membranes caused by any stress is increased lipid
peroxidation (LPO) membranes. Copper is a redox metal
which generates reactive oxygen substances (ROS) (Fry
et al., 2002). Copper ions Cu?* complexes with polymers
of the cell wall and can be reduced to Cu* by apoplast
electron donors as ascorbate and superoxide ions, Copper
ions Cu* then can be involved in Fenton reaction (Yin et
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al., 2008; Skorzynska-Polit et al.,, 2010) ROS have
negative effect on lipids, proteins, carbohydrates, and
nucleic acids (Brown et al,. 1964; Mittler, 2002; Khatun
et al., 2008; Wang et al., 2009; Golshan et al., 2011).
Measurement of malondialdehyde level was used as an
index of lipid peroxidation in the presence of Cu ions in
growth medium. In our study in sensitive wheat cultivar
Cu plants the MDA content was increased to a greater
extent as compared to other varieties.

Plant cells have the enzymatic mechanisms to remove
or reduce the harmful effects of stress factors. Enzymatic
antioxidants play a vital role in the neutralization of ROS,
and protect cells from oxidative damage. The balance
between ROS production and development of antioxidant
defense mechanisms determines the survival of the
organism under stress conditions (Jouili & Ferjani, 2003;
Khatun et al., 2008; Golshan et al., 2011). Superoxide
dismutase (SOD) is an important component of
antioxidative defense systems and it is the first enzyme in
the detoxifying process, which converts *O; radicals to
H,0, and O; - (Ozden et al., 2009). A simultaneous
increase in SOD activity and the amount of the
corresponding proteins under salt and heavy metals stress
was observed. It indicates an increase in the synthesis of
the enzyme under stress conditions has been reported?
(De Vos et al., 1992; Pukacki, 2004; Baranenko, 2006).

Peroxidase is a multifunctional enzyme protective
and adaptive system of plants to stress factors. Peroxidase
(POD) is one of the first marker enzymes and is activated
in response to stress (Andreeva, 1988). Peripheral (cell
membrane, plasmalemma) localization of peroxidase
explains the rapid change in its activity. High POD
activity would enable the plants to scavenge H,O: in cells,
thus maintaining cellular membrane integrity and
protecting against the oxidative stress induced by excess
Cu (Mazhoudi et al., 1997). In our study the activity of
antioxidant enzymes in more tolerant wheat varieties was
higher as compared to sensitive varieties. Consequently,
the antioxidant enzymes activity can be a sensitive
indicator of the plants state under stress.

Conclusion

Wheat varieties were screened for resistance to the
Cu effect on the growth and physiological/biochemical
parameters at the seedling stage. It was identified that
Kazakhstanskaya rannaya and Melturn varieties were
more tolerant to Cu compared to other varieties, middle
tolerant - Shagala cv, sensitive varieties - Kaiyr,
Kazakhstanskaya-3. Cu  decreased  photosynthetic
pigments (chlorophyll-a and chlorophyll-b, carotenoids)
content. There is a positive relationship between the level
of reduction of photosynthetic pigments content and
tolerant index of wheat varieties. Lipid peroxidation in
wheat varieties increased in response to Cu stress. Wheat
varieties sensitive to Cu stress showed greatest increase of
lipid peroxidation compared to tolerant wheat varieties.
SOD and POD activity increased in all wheat varieties
under Cu stress. Wheat variety tolerant to Cu showed
greatest increase of antioxidant enzymes activity. The
decrease of these physiological and biochemical
parameters affects yield and quality of wheat grain
growing on Cu contaminated areas.

2195

Acknowledgement

This work was funded by the Ministry of Science and
Education of Republic of Kazakhstan in the frame of the
National Project 0181/GF (no 0112PK00590). We express
our acknowledgment to Professor S. Minocha from New
Hempshire University (USA) for review of this article, for
his comments and help in preparing the article.

References

Andreeva, V.A. 1988. Ferment peroxidasa. Uchastie v zashithom
mehanisme rastenii. Nauka, Moskow, 128 p.

Aubekerov, B., Zh.M. Deom and R. Sala. 2014. Sleduyshaya
katastrofa - visihanie ozera Balkhash August 19, 2014.
http://blogbasta.kz/?p=3492

Azooz, M.M., M.F. Abou-Elhamd and M.A. Al-Fredan. 2012.
Biphasic effect of copper on growth, proline, lipid peroxidation
and antioxidant enzyme activities of wheat (Triticum aestivum
cv. Hasaawi) at early growing stage. AJCS, 6(4): 688-694.

Balint, A.F., G. Kovécs and J. Sutka. 2002. Copper tolerance of
Aegilops, Triticum, Secale and triticale seedlings and copper
and iron contents in their shoots. Acta Biologica Szegediensis,
46: 77-78.

Baranenko, V.V. 2006. Superoxidedismutaza v kletkah rasneii.
Cytologia (in Russian), 48(6): 465-474.

Bates, L.S., R.P. Waldren and 1.D. Teare. 1973. Rapid determination
of free proline for water-stress studies. Plant Soil, 39: 205-207.

Beauchamp, C. and J. Fridovich. 1971. Superoxide dismutase:
Improved assays and an assay applicable to acrylamide gels.
Anal. Biochem., 44: 276-287.

Brown, R.F., S.E. Jamison, U.K. Pandit, J. Pinkus and G.R. White.
1964. Fenton reaction. J. Org. Chem., 29:146.

Brunet, J., A. Repellin, G. Varrault, N. Terrync and Y. Zuily-fodil.
2008. Lead accumulation in the roots of grass pea (Lathyrus
sativus L.): A novel plant for phytoremediation systems? CR
Biologies., 331:859-864.

Chatterjee, J. and C. Chatterjee, 2000. Phytotoxicity of cobalt, chromium
and copper in cauliflower. Environ. Pollut., 109: 69-74.

Chen, C., T. Chen and K. Loa. 2004. Effects of proline on copper
transport in rice seedlings under excess copper stress. Plant
Sci., 166: 103-111.

Cheng, S. 2003. Effects of heavy metals on plants and resistance
mechanisms. Environ. Sci. and Pollut. Res., 10(4): 256-264.

Cvetanovska, L., I. Klincharska-Jovanovska, G. Dimeska, M. Srbinoska
and A. Cvetanovska. 2010. Anatomic and physiological disorder
after intoxication with heavy metals in tobacco (Nicotiana
tabacum L.)”. In: Proceeding of the Second Balkan Conference on
Biology. Special edition/On-line. 21-23 May, 2010. Plovdiv, 50
years University of Plovdiv. P. 4-9, 2010.

De Vos, S.H., M.J. Vonk, R. Vooijs and H. Schat. 1992. Glutathione
depletion due to copper-induced damage of the root cell
plasmalemma in copper tolerant Silene cucubalus. Physiol
Plant, 98: 853-858.

Fry, S.C., J.G. Miller and J.C. Dumville. 2002. A proposed role for
copper ions in cell wall loosening. Plant Soil, 247: 57-67.

Fuentes, D., K.B. Disante, A.Valdecantos, J. Cortina and V.R. Vallejo.
2007. Sensitivity of mediterranean woody seedlings to copper,
nickel and zinc. Chemosphere, 66: 412-420.

Golshan, M., D. Habibi, S.M. Beladi and M.J. Maleki. 2011. Copper
and lead tolerance strategies in mustard (Sinapis arvensis)
Egyption clover (Trifolium alexandrinum) and hairy vetch
(Vicia villosa): Role of some antioxidant enzymes. American-
Eurasian J. Agric. Environ. Sci., 11: 122-128.

Gomes, M.P., T.C. de S& e Melo Marques and M. Oliveira. 2011.
Ecophysiological and anatomical changes due to uptake and
accumulation of heavy metal in Brachiariadecumbens”.
Scientia Agricola (Piracicaba, Braz.), 68(5): 566-573.

Gostin, I.N. 2009. Structural modification induced by air pollutants in
Plantago lanceolata leaves. Analele Universitatii din Oradea.
Fascicula Biologie , XVI: 1: 61-65.

Hakmaoui, A., M. Ater, K. Boka and M. Baron. 2007. Copper and
cadmium tolerance, uptake and effect on chloroplast



http://blogbasta.kz/?p=3492
http://www.google.kz/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&ved=0CCsQFjAB&url=http%3A%2F%2Fwww.researchgate.net%2Fjournal%2F1614-7499_Environmental_Science_and_Pollution_Research&ei=n-kGU6W-EeiKywOQloCYDg&usg=AFQjCNEc6NFURor6mPZRySGH3IqVm9dOdQ

2196

ultrastructure studies on Salix purpurea and Phragmites
australis. J. Biosci. 62: 417-426.

Haribabu, T.E. and P.N. Sudha. 2011. Effect of heavy metals copper
and cadmium exposure on the antioxidant properties of the
plant Cleome gynandra. Int. J. Plant, Animal & Environ. Sci.,
1(2): 80-87.

Hatamzadeh, A., A.R.N. Sharaf, M.H.Vafaei, M. Salehi and G.
Ahmadi. 2012. Effect of some heavy metals (Fe, Cu and Pb)
on seed germination and incipient seedling growth of
Festucarubra ssp. commutate (Chewings fescue). Int. J. Agri.
& Crop Sci., 4(15): 1068-1073.

Hussain, K. 2010. Bacopa monneri (L.) Pennel — a good biomarker
of water pollution/contamination, J. Stress Physiol. Biochem.,
6(3): 91-101.

llyas, A., M.Y. Ashraf, M. Hussain, M. Ashraf, R. Ahmed and A.
Kamal. 2015. Effect of micronutrients (Zn, Cu and B) on
photosynthetic and fruit yield attributes of Citrus Reticulata
Blanco var. Kinnow. Pak. J. Bot., 47(4): 1241-1247.

Jaleel, C.A. and M.M. Azooz. 2009. Exogenous calcium alters
pigment composition, g-glutamyl kinase and proline oxidase
activities in salt-stressed Withania somnifera. Plant Omics. J.,
2: 85-90.

Jouili, H. and E. Ferjani. 2003. Changes in antioxidant and
lignifying enzyme activities in sunflower roots (Helianthus
annuus L.) stressed with copper excess. Comptes. Rend Biol.,
326: 639-644.

Kabata-Pendias, A. 2001. Trace elements in soils and plants, 3rd
Edn. CRC, CRC Press, Boca Raton, FL. USA

Khatun, S., M.B. Ali, E.J. Hahn and K.Y. Paek. 2008. Copper
toxicity in Withania somnifera: Growth and antioxidant
enzymes responses of In vitro grown plants. Environ. Exp.
Bot., 65: 410-416.

Lanaras, T., M. Moustakas, L. Symeonidis, S. Diomantoglou
and S. Karataglis. 1996. Plant metal content, growth
responses and some photosynthetic measurements of field-
cultivated wheat growing on ore bodies enriched in Cu.
Physiol. Plant., 88: 307-314.

Lebedev, O.V., N.N. Ugarova and LV. Berezin. 1977.
Kineticheskoe izuchenie reaksii o-dianizidina s H202 v
prisutstvii peroxidasi hrena. Biohimia, 42: 1372-1379.

Lidon, F.S. and F. Henriques. 1992. Effects of excess copper on the
photosynthetic pigments in rice plants. Bot. Bull. Acad. Sinica.,
33:141-149.

Maksymiec, W. 1997. Effect of copper on cellular processes in
higher plants. Photosynthetica, 34(3): 321-342.

Mathad, P. and H. Pratima. 2009. Copper toxicity causes oxidative
stress in Brassica juncea L. seedlings. Ind. J. Plant Physiol.,
14: 397-401.

Mazhoudi, S., A. Chaou and M. Ghorbal. 1997. Response of
antioxidant enzymes to excess copper in tomato (Lycopersicon
esulentum Mill). Plant Sci., 127: 129-137.

Meng, Q., J. Zou, W. Jiang and D. Liu. 2007. Effect of Cu?*
concentration on growth, antioxidant enzyme activity and
malondialehyde content in garlic (Allium saivum L.). Acta Biol
Cracoviensla. Series Botanica, 49(1): 95-101.

Merzlyak, M.N., S.I. Pogosyan and S.G. Ufarova. 1978.
Ispolozovanie 2-gtiobarbiturovoi kisloti v issledovaniyah POL
v tkanyah rastenii. Nauchnie doklady vysshei shkoli.
Biologicheskie nauki, 9: 86-94.

Mikovilovi, V.S. and D. Dragosavac. 2010. Environmental impact
on morphological and anatomical structure of Tansy Stevovi.
Afr. J. Biotech., 9(16): 2413-2421.

Mittler, R. 2002. Oxidative stress, antioxidants, and stress tolerance.
Trends in Plant Sci., 7: 405-410.

Oncel, 1., Y. Keles and A.S. Ustun. 2000. Interactive effects of
temperature and heavy metal stress on the growth and some
biochemical compounds in wheat seedlings. Environ. Pollut.,
107: 315-320.

SAULE ATABAYEVAET AL,

Ozden, M., U. Demire and A. Kahraman. 2009. Effects of proline
on antioxidant system in leaves of grapevine (Vitis vinifera L.)
exposed to oxidative stress by H20.. Scientia Horticulturae,
119: 163-168.

Panin, M.S. 2000. Vliyanie tehnogennyh faktorov | agrohimicheskoi
deyatelnisti cheloveka na soderzhanie | migraciu tyazhelyh
metallov v sisteme “pochva-rastenie”. In: Proceeding of the
Science-technical Conference “The State and Rational Using
of Soils in Kazakhstan”. Almaty, Kazakhstan, pp. 78-79.

Patsikka, E., M. Kairavuo, F. SerSen, EXM. Aro and E. Tyystjarvi.
2002. Excess copper predisposes photosystem Il to
photoinhibition In vivo by out competing iron and causing
decrease in leaf chlorophyll. Plant Physiol., 129: 1359-1367.

Pukacki, K.-R. 2004. Effect of water deficit on oxidative stress and
degradation of cell membranes in needles of Norway spruce
(Picea abies). Acta Physiol Plant., 26: 431-442.

Reinheckel, T., H. Noack, S. Lorenz, I. Wiswedel and W. Augustin.
1988. Comparison of protein oxidation and aldehyde formation
during oxidative stress in isolated mitochondria. Free Radical
Res., 29: 297-305.

Sankar, B., C.A. Jaleel, P. Manivannan, A. Kishorekumar, R.
Somasundaram and R. Panneerselvam. 2007. Drought-
induced biochemical modifications and proline metabolism
in Abelmoschus esculentus (L) Moench. Acta Bot. Croat, 66:
43-56.

Schonfeld, M.A, B.F. Johnson and D.W. Mornhiweg. 1988. Water
relations in winter wheat as drought resistance indicator. Crop
Sci, 28: 526-531.

Shlyk, A.A. 1971. Opredelenie hlorofillov | karotenoidov v
extreaktah zelenyh listyiev”. In: Biohimicheskie metodi v
fiziologii rastenii. (Eds.): O.A. Pavlinova, Moskva, Nauka,
Russia, pp. 154-170.

Singh, D., K. Nath and Y.K. Sharma. 2007. Response of wheat seed
germination and seedling growth under copper stress. J.
Environ. Biol., 28(2): 409-414.

Skorzynska-Polit, E., M. Drazkiewicz and Z. Krupa. 2010. Lipid
peroxidation and antioxidative response in Arabidopsis
thaliana exposed to cadmium and copper. Acta Physiologiae
Plantarum, 32:169-175.

Stobart, A.K., W.T. Griffits, I. Ameen-Bukhari and R.P. Sherwood.
1985. The effect of Cd?* on the biosynthesis of chlorophyll in
leaves of barley. Physiol. Plant., 63: 293-298.

Su, Y., F.X. Han, B.M. Sridhar and D.L. Monts. 2005. Phytotoxicity
and phytoaccumulation of trivalent and hexavalent chromium
in brake fern. Environ. Toxicol. Chem., 24: 2019-2026.

Tasekeev, M. 2004. Bioremediasia toksichnih promishlennyh
othodov. Promishlennost Kazakhstana, 26: 59-63.

Tekli, C.T., M. Engler, V. Cesar, H. Lepedu’s, C.N. Paraikovi, C.Z.
Loncari, I. Stolfa, T. Marotti, N. Mikac and C.N. Zarkovi.
2008. Influence of excess copper on lettuce (Lactuca sativa L.)
grown in soil and nutrient solution. J. Food, Agricult. and
Environ, 6: 439-444.

Vassiliev, A., F. Lidon, P.S. Campos, M.G. Barriero and 1.
Vordanov. 2003. Cu-induced changes in chloroplast lipids and
photosystem 2 activity in barley plants. Bulg. J. Plant Physiol.,
29:33-43.

Wang, F., B. Zeng, Z. Sun and C. Zhu. 2009. Relationship between
proline and Hg*“induced oxidative stress in a tolerant rice
mutant. Arch. Environ. Contam Toxicol., 56: 723-731.

Wang, M. and Q. Zhou. 2005. Single and joint toxicity of
chlorimuron-ethyl, cadmium, and copper acting on wheat
Triticum aestivum. Ecotoxicology and Environmental Safety.,
60 (2): 169-175.

Yang, Y., Y. Chen, W. Li and C. Zhu. 2015. Efects of progressive
soil water deficit on growth, and  physiological and
biochemical responses of Populus euphratica in arid area: A
case study in China. Pak. J. Bot., 47(6): 2077-2084.

Yin, H., Q. Chen and M. Yi. 2008. Effect of short-term heat stress
on oxidative damage and responses of antioxidant system in
Lilium longiflorum. Plant Growth. Regul., 54: 45-54,

(Received for publiation 28 December 2016)


http://www.google.kz/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&ved=0CCIQFjAA&url=http%3A%2F%2Fijagcs.com%2F&ei=JuoGU6XFMqr8ywOR4oGoCw&usg=AFQjCNH51TE530d-Yz-ohPFVtOwr5Emyng
http://www.google.kz/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&ved=0CCIQFjAA&url=http%3A%2F%2Fijagcs.com%2F&ei=JuoGU6XFMqr8ywOR4oGoCw&usg=AFQjCNH51TE530d-Yz-ohPFVtOwr5Emyng
http://www.google.kz/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&ved=0CCIQFjAA&url=http%3A%2F%2Fwww.springer.com%2Flife%2Bsciences%2Fplant%2Bsciences%2Fjournal%2F11738&ei=pO0GU97AFeGAywP1wILACQ&usg=AFQjCNGDDUMuuc8kAhpG3J5_b43hDfqCgw
http://www.google.kz/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&ved=0CCIQFjAA&url=http%3A%2F%2Fwww.springer.com%2Flife%2Bsciences%2Fplant%2Bsciences%2Fjournal%2F11738&ei=pO0GU97AFeGAywP1wILACQ&usg=AFQjCNGDDUMuuc8kAhpG3J5_b43hDfqCgw
http://www.sciencedirect.com/science/article/pii/S0147651303002380?via%3Dihub#!
http://www.sciencedirect.com/science/article/pii/S0147651303002380?via%3Dihub#!
http://www.sciencedirect.com/science/journal/01476513
http://www.sciencedirect.com/science/journal/01476513/60/2
http://www.sciencedirect.com/science/journal/01476513/60/2

