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INTRODUCTION

An increase in the addition of heavy met-
als in the environment causes losses to agricul-
tural crops. Lead is a toxic element, easily as-
similated by plants and accumulated in various 
parts thereof. Plant responses to environmental 
stresses are complex, limiting plant growth and 
yield by affecting morphological, physiological 
and biochemical parameters (Sharma and Dubey, 
2005; Sędzik et al., 2015). One of the biochemi-
cal changes occurring when plants are subjected 
to heavy metals, including Pb, is the production 
of reactive oxygen species (ROS) (Shahid et al., 
2014). Enhanced production of ROS in plants 
during stress can enhance oxidative processes 
(such as: membrane lipid peroxidation, protein 
oxidation), enzyme inhibition and DNA and RNA 
damage (Asada, 2006). To control ROS levels 

and protect cells from damage, plants produce nu-
merous efficient defense mechanisms, known as 
the antioxidant defense system. This system con-
sists of low-molecular weight antioxidant com-
pounds (ascorbic acid (AsA), reduced glutathione 
(GSH), carotenoids, tocopherols) and antioxidant 
enzymes such as superoxide dismutase (SOD), 
catalase (CAT), guaiacol peroxidase (GPX) and 
enzymes of the ascorbateglutathione cycle (AsA-
GSH) (Mishra et al., 2009). 

Effective solutions are necessary to increase 
the tolerance of plants to environmental stresses, 
including heavy metals. This can be achieved 
through the use of biologically active substances. 
Under stress conditions in plants, endogenous 
levels of these substances are low, which can 
be counteracted by their exogenous applica-
tion, which is an environmentally friendly ap-
proach. Such exogenous application of plant 
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non-enzymatic antioxidants, plant growth regu-
lators, plant extracts with secondary metabolites 
can mitigate the adverse effects of heavy metals 
on growth, yield as well as biochemical and phys-
iological processes in plants (Chen et al., 2007; 
Jazi et al., 2011; Al-Hakimi and Hamada, 2011; 
Son et al., 2014; Jazi and Oregani, 2014).

Vitamin C [ascorbic acid (AsA)] is an anti-
oxidant molecule and a crucial substrate for the 
detoxification of ROS, molecule essential for the 
regulation of key physio-biochemical processes in 
plants (Ishikawa et al., 2006; Moghadam, 2016).
Studies by several authors have shown that AsA is 
effective in improving the plant stress tolerance. 
It can improve the tolerance to abiotic stresses by 
enhancing plant growth; it is also involved in the 
regulation of photosynthesis (protection of pho-
tosynthetic pigments), transpiration, protection 
of lipids, proteins, and enzymes (Al-Hakimi and 
Hamada, 2011; Venkatesh and Park, 2014).

Glutathione (GSH) is a tripeptide composed 
of glutamate, cysteine, and glycine. As a non-
enzymatic antioxidant, GSH protects plants from 
oxidative damage caused by stress factors. It is 
present in all plant cells. It is involved in detoxifi-
cation of ROS, as well as heavy metals. Glutathi-
one is a substrate for the synthesis of phytochela-
tins, which are involved in the detoxification of 
heavy metal ions (Foyer and Noctor 2005, Sharma 
and Dietz 2006). Nicotinamide (vitamin PP) is a 
water-soluble vitamin. It is part of the NADH and 
NADPH coenzymes, which are involved in many 
enzymatic oxidations, i.e. reduction reactions in 
cells. It participates in the repair of damage caused 
by ROS (Abdelhamid et al., 2013). a-Tocopherol 
(a-Toc, vitamin E) is low molecular a lipid-sol-
uble antioxidant. It is synthesized in chloroplasts 
by all plants. a-Toc is a key molecule for the de-
toxification of ROS and protects against oxidation 
damage. Studies by numerous authors have shown 
that tocopherol proves to be effective in improving 
the plant tolerance to various stress environments 
(Kumar et al., 2012; Sadak and Dawood, 2014).

Salicylic acid (SA) belongs to a group of 
phenolic compounds. It is a phytohormone with 
a signaling function in plants (Miura and Tada, 
2014). SA is involved in the regulation of im-
portant physiological and biochemical processes 
such as seed germination, growth, development, 
ion uptake and transport, membrane permeabil-
ity, photosynthesis, and amino acid metabolism. 
This acid induces the production of certain stress 
proteins, thereby participating in plant defense 

against abiotic and biotic stresses (Khan et al, 
2012; Naser et al, 2014; Miura and Tada, 2014).

Barley is one of the basic cereals cultivated in 
Europe. The high barley yielding potential causes 
the species to increase its popularity in Europe, 
and its cultivation area is constantly extended. Bar-
ley is grown mainly for animal feed and malt for 
brewing (Fischbeck, 2003). The study of Sędzik et 
al. (2015) determined that barley is sensitive to the 
effect of lead. The experiment investigated wheth-
er the addition of exogenous application of bio-
logically active substances (BAS) such as ascor-
bic acid, glutathione, nicotinamide, α-tocopherol 
and salicylic acid alleviates the harmful effect of 1 
mM lead nitrate stress on barley seedlings.

MATERIAL AND METHODS

The research was carried out under laboratory 
conditions at the Department of Microbiology 
and Environmental Biochemistry of the West Po-
meranian University of Technology in Szczecin 
(lat. 53°26′17′′ N, long. 14°32′32′′ E). The plant 
material consisted of naked seeds of spring barley 
(Hordeum vulgare L.) of the ‘Eunova’ cultivar. 
They were purchased from a specialist shop as 
certified seeds in class (C/1).

The sensitivity to the presence of 1 mM 
Pb(NO3)2 and the extent to which its toxicity was 
mitigated by the biologically active substances: 
ascorbic acid (1 mM AsA), glutathione (100 μM 
GSH), nicotinamide (50 μM PP), a-tocopherol (1 
mM α-Toc), salicylic acid (1 mM SA) were as-
sessed for barley seeds and seedlings. Seed dis-
infection was carried out according to the method 
described by Krupa-Malkiewicz et al. (2018). 
Firstly, 1 mM Pb(NO3)2 and BAS were dissolved 
in water and poured into vessels and then disin-
fected barley seeds were introduced into the ap-
propriate combinations of the experiment. For 
treatments: 30 cm3 of 1 mM Pb(NO3)2, 30 cm3 of 
(BAS) like: AsA, GSH, PP, a-Toc, SA, respec-
tively and their combinations (AsA+Pb, GSH+Pb, 
PP+Pb, a-Toc+Pb, SA+Pb) were used. The ex-
periment was set up in six replications (six Petri 
dishes Ø10 cm with 10 seeds for each treatment).

The seed dishes were incubated for 72 hours 
in the dark at 21°C, then the pre-germinated seeds 
were transferred to the phytotron where the light 
intensity was set to 100 µE·m-2·s-1 and kept for a 
further 10 days at 25°C. During the experiment, 
the photoperiod was set to 16:8 hours. After 10 
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days, morphological parameters (root length, 
coleoptile and fresh weight of the seedling), bi-
ochemical parameters (Proline - Pro, malondial-
dehyde – MDA, catalase – CAT and peroxidase 
– POX activities) and physiological parameters 
(concentrations of total chlorophyll – Chl a+b and 
carotenoids – Car) were measured.

Determination of the MDA content

The content of malondialdehyde (MDA), as 
a product of lipid peroxidation, was determined 
with thiobarbituric acid (TBA) according to the 
method of Sudhakar et al. (2001). The absorbance 
of the supernatant was measured at 532 nm and 
600 nm using a spectrophotometer UV-1800 pro-
duced by Shimadzu. The MDA content was ex-
pressed in μmol∙g-1 of fresh plant weight (FW).

Determination of the Pro content

Proline content was determined by ninhy-
drin reaction according to the method of Bates et 
al. (1973). The mixture obtained by the reaction 
was then extracted with toluene. In the collected 
toluene layer, the absorbance of the dyed chromo-
phore against toluene was determined on a spec-
trophotometer at 520 nm. The Pro content was 
expressed in μmol∙g-1 of fresh plant weight (FW).

Determination of the catalase 
and peroxidase activities

The catalase (CAT) activity of [EC 1.11.1.6] 
was determined spectrophotometrically according 
to the method of Lück (1963). The CAT activity 
was expressed as μmol H2O2∙g

-1∙min-1 fresh plant 
weight (FW). In contrast, total peroxidase activ-
ity (POX) [EC 1.11.1.7] was measured spectro-
photometrically according to Chance and Maehly 
(1955). The POX activity was presented as μmol 
purpurogallin·g-1 fresh plant weight (FW).

Determination of pigment content

The Chl a and Chl b contents were deter-
mined in fresh weight according to the method 
presented by Arnon et al. (1956) and modified 
by Lichtenthaler and Wellburn (1983). The Car 
content was assessed according to the method of 
Hager and Meyer-Berthenrath (1966). The results 
obtained for pigment content were expressed in 
μg·g-1 plant fresh plant weight (FW).

Statistical analysis

Statistical analyses were performed using 
Statistica 13 (TIBCO Software Inc.). The results 
obtained were analyzed using descriptive statis-
tics (mean, standard deviation) and two-ways 
ANOVA. The means were compared using Tuk-
ey’s HSD test with a significance level at p < 0.05. 
The significance was set at p < 0.05. Means were 
used to carry out cluster analysis using Ward’s ag-
glomerative method (using Euclidean distances). 
Created groups were used to perform MDS (Mul-
tiDimensional Scaling), stress and bootstrap in R 
(R Core Team R), package SMACOF (de Leeuw 
and Mair 2009). In addition, the differences be-
tween effects of BAS per se have been shown in 
MDS using Eta^2 and ‘raw’ effect of interactions 
BAS×Pb. The data for Eta^2 has been taken from 
ANOVA, whereas ‘raw’ effect of interactions 
BAS×Pb has been calculated using formula pre-
sented in Table 1.

RESULTS AND DISCUSSION

Abiotic stresses (heavy metals, salinity, 
ozone, UV-B radiation, extreme temperatures, or 
drought) are among the most challenging threats 
to agricultural system and economics of yield 
of crop plants. Numerous studies demonstrate, 
that physiological and biochemical processes are 
disturbed under the conditions of abiotic stress, 
which limits the growth and yielding in plants 
(Sharma and Dubey, 2005; Khan, 2015). In recent 
years, with the development of modern cultiva-
tion methods, increased interest of different types 
of chemical compounds is observed, which could 
fulfill different anti-stress functions in a plant, re-
lieving unfavorable abiotic effects in crops.

Effects of BAS on seedling growth 
parameters under lead stress

An analysis of morphological traits of the bar-
ley seedlings allowed observing that the lead salt 
influenced on average on the reduction of root’s 
and coleoptile’s length and fresh weight of the 
seedlings with respect to the control, by 81.8%, 
36.6% and 41.2%, respectively.

The use of exogenous BAS like: GSH, and SA 
reduced by 0.9 to 10.75% both roots and coleop-
tiles length in comparison to the control, although 
not all means were significantly different (Table 
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Table 1. The influence of BAS on morphological parameters, MDA, Pro, Chl a+b, Car contents, CAT and POX 
activities in barley seedlings exposed to 1 mM Pb(NO3)2 treatment under laboratory conditions

Parameter CL
[cm]

RL
[cm]

FW
[g]

MDA
[μmol∙g-1FW]

Pro
[μmol∙g-1FW]

Chl a+b
[μg·g−1FW]

Car
[μg·g−1FW]

CAT
[μmol H2O2·g-

1FW·min-1]

POX
[μmol 

purpurogallin 
·g-1FW]

1Control 10.37
±1.63 a 9.58±

1.69 a 0.27±
0.02 a 22.42

±0.85 c 0.21±
0.01 c 286.28±

5.3 c 98.81
±1.73 b 19.8

±2.94 d 7.09±
2.36 b

1Pb 6.57±
0.99 b 1.74±

0.43 b 0.16±
0.03 b 62.04

±4.32 a 0.54±
0 a 190.4

±2.76 d 67.9
±0.98 d 67.66

±1.63 a 56.48
±9.12 a

ASC 11.42
±2.26 a 10.27

±1.72 a 0.29±
0.04 a 22.58

±1.86 c 0.23±
0.01 c 325.2

±3.39 a 105.29
±1.38 a 26.7

±1.58 c 14.88
±2.54 b

ASC+PB 8.33±
1.09 c 2.38±

0.28 b 0.17±
0.03 b 49.3±

1.14 b 0.47±
0.01 b 306.03

±3.7 b 90.73
±2.06 c 42.14

±0.41 b 21.46
±6.54 b

Mean±SD 9.17±
1.49

5.99±
1.03

0.22±
0.03

39.09
±2.04

0.36±
0.01

276.98
±3.79

90.68
±1.54

39.07
±1.64

24.97
±5.14

2Eta^2 0.013 0.000 0.000 0.721 0.838 0.973 0.909 0.966 0.833
3(control-

ASC) - (Pb 
- ASC+Pb)

0.701 -0.055 -0.002 -12.903 -0.082 76.711 16.342 -32.432 -42.814

Control 10.37
±1.63 a 9.58±

1.69 a 0.27±
0.02 a 22.42

±0.85 c 0.21±
0.01 d 286.28

±5.3 b 98.81
±1.73 b 19.8

±2.94 d 7.09
±2.36 c

Pb 6.57±
0.99 c 1.74±

0.43 b 0.16±
0.03 c 62.04

±4.32 a 0.54±
0 a 190.4

±2.76 d 67.9
±0.98 d 67.66

±1.63 a 56.48
±9.12 a

GSH 9.63±
0.98 a 9.5±

1.45 a 0.27±
0.02 a 25.43

±0.25 c 0.25±
0 c 322.99

±8.06 a 113.74
±2.85 a 27.94

±3.73 c 16.93
±2.82 b

GSH+Pb 7.88±
1.86 b 2.22±

0.49 b 0.19±
0.04 b 43.44

±0.52 b 0.48±
0.02 b 253

±13.16 c 83.26
±0.56 c 43.83

±1.18 b 22.98
±1.71 b

Mean±SD 8.61±
1.36

5.76±
1.02

0.22±
0.03

38.33
±1.48

0.37±
0.01

263.17
±7.32

90.93
±1.53

39.81
±2.37

25.87
±4

Eta^2 0.120 0.015 0.069 0.899 0.867 0.478 0.005 0.935 0.876

(control-
GSH) - (Pb 
- GSH+Pb)

2.044 0.553 0.029 -21.613 -0.097 25.882 0.425 -31.976 -43.350

Control 10.37
±1.63 a 9.58±

1.69 b 0.27±
0.02 b 22.42

±0.85 c 0.21±
0.01 c 286.28

±5.3 b 98.81
±1.73 b 19.8

±2.94 d 7.09
±2.36 c

Pb 6.57±
0.99 c 1.74±

0.43 c 0.16±
0.03 d 62.04

±4.32 a 0.54±
0 a 190.4

±2.76 c 67.9
±0.98 c 67.66

±1.63 a 56.48
±9.12 a

PP 10.69
±1.86 a 10.75

±1.31 a 0.31±
0.07 a 22.96

±2.23 c 0.22±
0.01 c 360.28

±2.62 a 113.65
±5.13 a 31.19

±3.18 c 9.31
±1.62 c

PP+Pb 8.59±
2.02 b 2.4±

0.39 c 0.21±
0.02 c 42.37

±0.65 b 0.42±
0.01 b 291.1±

12.75 b 91.36
±3.56 b 44.02

±1.85 b 22.42
±2.41 b

Mean±SD 9.06±
1.62

6.12±
0.96

0.24±
0.03

37.45
±2.01

0.35±
0.01

282.02
±5.86

92.93
±2.85

40.67
±2.4

23.82
±3.88

Eta^2 0.064 0.014 0.002 0.861 0.930 0.566 0.393 0.949 0.835

(control-PP) - 
(Pb - PP+Pb) 1.700 -0.514 0.007 -20.215 -0.123 26.699 8.613 -35.037 -36.285

control 10.37
±1.63 b 9.58±

1.69 b 0.27±
0.02 b 22.42

±0.85 c 0.21±
0.01 c 286.28

±5.3 a 98.81
±1.73 ab 19.8

±2.94 d 7.09
±2.36 b

Pb 6.57±
0.99 d 1.74±

0.43 c 0.16±
0.03 d 62.04

±4.32 a 0.54±
0 a 190.4

±2.76 c 67.9
±0.98 c 67.66

±1.63 a 56.48
±9.12 a

α-Toc 11.47
±1.05 a 10.65

±1.81 a 0.31±
0.05 a 24.62

±0.57 c 0.22±
0.02 c 288.12±

2.92 a 107.1
±13.36 a 32.95

±2.7 c 12.55
±0.53 b

α-Toc+Pb 8.36±
1.03 c 2.08±

0.36 c 0.2±
0.03 c 42.53

±0.81 b 0.44±
0.01 b 250.1

±17.1 b 81.41
±5.64 bc 43.5

±1 b 15.89
±2.94 b

Mean±SD 9.19±
1.18

6.01±
1.07

0.24±
0.03

37.9
±1.64

0.35±
0.01

253.73
±7.02

88.8
±5.43

40.98
±2.07

23±
3.74

Eta^2 0.021 0.022 0.001 0.897 0.867 0.789 0.046 0.964 0.891

(control-α-
Toc) - (Pb-α-

Toc +Pb)
0.697 -0.741 0.005 -21.720 -0.116 57.861 5.242 -37.316 -46.053

Control 10.37
±1.63 a 9.58±

1.69 a 0.27±
0.02 a 22.42

±0.85 c 0.21±
0.01 c 286.28

±5.3 b 98.81
±1.73 ab 19.8

±2.94 d 7.09
±2.36 c

Pb 6.57±
0.99 b 1.74

±0.43 b 0.16±
0.03 c 62.04

±4.32 a 0.54±
0 a 190.4

±2.76 d 67.9
±0.98 c 67.66

±1.63 a 56.48
±9.12 a

SA 9.25±
1.34 a 9.36±

1.01 a 0.25±
0.02 b 25.11

±1.62 c 0.27±
0.01 b 355.43

±2.65 a 105.33
±5.85 a 33.02

±1.88 c 9.92
±1.64 bc

SA+PB 7.16±
1.6 b 1.79±

0.29 b 0.17±
0.03 c 34.19

±1.28 b 0.51±
0.02 a 266.01

±7 c 93.63
±5.72 b 40.05

±1.41 b 19.94
±1.9 b

Mean±SD 8.34±
1.39

8.34±
1.39

0.22±
0.02

35.94
±2.02

0.38±
0.01

274.53
±4.43

91.42
±3.57

40.13
±1.96

23.36
±3.75

Eta^2 0.087 0.004 0.122 0.937 0.795 0.146 0.661 0.974 0.859

(C  ontrol-
SA) - (Pb 
- SA+Pb)

1.701 0.257 0.034 -30.538 -0.085 6.456 19.208 -40.833 -39.372

Note: 1 For the clarity of the interpretation of the results, in the Table 1 it has been repeated means for the dependent 
variables (traits investigated) obtained in the tests for the control and Pb; 2Eta^2 - values from teh ANOVA analysis. They 
describe the percentage of the variance explained by the BAS×Pb interaction for each described dependent variable. They 
were used in the study for the MDS analysis. 3the ‚raw’ effect of variance was calculated for each BAS according to the 
formula (control - AsA) - (Pb - AsA+Pb), and the differences were used in the MDS analysis; a-d - homogeneous groups.
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1). The use of AsC, PP and α-Toc had the opposite 
effect. The use of biologically active substances 
stimulated the seedling fresh weight from 6.2 to 
14.5% and stimulated by 3.1 to 12.3% both roots 
and coleoptiles length with regards to the control 
(Table 1). On the other hand, the use of combina-
tion BAS with lead salt caused a reduction in the 
toxic effect of lead ions on the formation of mor-
phological parameters of the barley seedlings. In 
this case, the highest “relieving” role on the inhi-
bition of the root and coleoptile length and fresh 
weight of the seedlings was determined after the 
use of nicotinamide (Table 1). Such effect of the 
used nicotinamide may stem from the fact that it 
fulfills numerous functions within plants. Nico-
tinamide influences the induction and regulation 
of the metabolic response in a plant organism ex-
posed to a stress factor and is a component and 
manifestation of the defense metabolism in plants 
(Berglund and Ohlsson, 1995). In addition, the 
compound has been shown to have a positive ef-
fect on many physiological processes, such as the 
biosynthesis of enzymes, nucleic acids and pro-
teins as a growth-regulating factor, in addition to 
acting as a coenzyme (Hathout, 1995). The results 
obtained in the present study are in line with the 
results reported by other authors (Dawood et al., 
2019; Mohamed et al., 2020; Sadak et al., 2010). 
They demonstrated that the addition of exog-
enous BAS caused a growth of the roots, coleop-
tiles and plant fresh weight stressed by different 
abiotic factors. Reports on negative effects result-
ing from the use of SA on the growth of plants 
can be found in the scientific literature. The study 
conducted by Klocek and Mioduszewska (2001) 
determined the influence of SA on the length of 
the shoots, as well as the number of leaves, roots, 
and tubers formed in a potato. According to Basra 
et al. (2007) the inhibition of plant growth under 
the influence of SA is observed in its higher con-
centrations. These authors suggest that this may 
stem from the restriction in the absorption of nu-
trients due to the disturbances of membranes in-
tegrity. On the other hand, the study of Jazi et al. 
(2011) on the alleviating of the negative effect of 
Pb(NO3)2 showed that the most efficient SA dose 
turned out to be 10 μM. A similar limitation in 
growth efficiency was found in goji in response 
to 1 mM Pb(NO3)2 (Krupa-Małkiewicz et al., 
2018). These authors reported that in the pres-
ence of 1 mM ascorbic acid in MS medium with 
1 mM Pb(NO3)2 the shoot and root lengths of goji 
were enhanced by 31% and 74.5%, respectively, 

compared to lead-treated explants. In the study 
of Al-Hakimi and Hamada (2011), the negative 
effects of Cu toxicity to the growth of roots and 
shoots were partially alleviated by treatment of 
plants with ascorbic acid solutions, thiamine (vi-
tamin B1) and salicylic acid.

Effects of BAS on the MDA content in 
leaves of barley under lead stress

Lead stress significantly increased the MDA 
content (by 176.7%) in coleoptiles with regards 
to the control (Table 1). Application of lead with 
combination of BAS effectively alleviated lipid 
peroxidation as reduced MDA content in the bar-
ley leaves. All means (Pb versus BAS+Pb) were 
significantly different (Table 1). The greatest de-
crease of MDA (by 44.9%) content in barley seed-
lings was observed after the use of SA, the low-
est (20.5%) – after the use of AsA. Similar results 
were obtained by Khattab (2007) on canola, and 
Cao et al. (2013) on rice seedlings. In contrast, in 
a study by Krupa-Małkiewicz et al. (2018), it was 
observed that the presence of 1 mM AsA with 1 
mM Pb(NO3)2 in MS medium had an inhibitory 
effect on the MDA content by 4% in goji seedlings 
compared to Pb treatment. However, 1 mM ASA 
induced MDA accumulation in goji seedlings by 
24% when compared to the control. Lokhande et 
al. (2011) and Cao et al. (2013) suggested that the 
higher MDA concentration in plant tissues may be 
responsible for the reduction in membrane lipid 
peroxidation, which is related to high membrane 
oxidative damage and therefore higher H2O2 pro-
duction. In contrast, Metwally et al. (2003) re-
ported an increase in MDA of about 50% after the 
exposure to Cd in roots of SA-free controls. The 
effect of SA on lipid peroxidation was not due to a 
reduction in Cd accumulation in roots and shoots.

Effects of BAS on Pro in leaves of 
barley seedlings under lead stress

Application of lead salt significantly increased 
the proline content by an average of 153% com-
pared to the control (Table 1). Although for all ap-
plied BAS the proline content was higher if com-
pared to the control (H2O) on average by 7.9% 
(AsA), 18.0% (GSH), 3.0% (PP), 5.3% (a-Toc) 
and 27.7% for SA, only for GSH and SA these 
differences were described as significant. The ap-
plication of BAS in the Pb stressed plants signifi-
cantly reduced the proline content in coleoptiles of 
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the tested seedlings if compared to the Pb treated 
seedlings on average by 12.7% (AsA), 10.9% 
(GSH), 21.7% (PP), 18.4% (a-Toc) and only 5% 
for SA. The most beneficial effect of minimiz-
ing lead-induced stress was found when AsA, PP 
and a-Toc were applied, respectively. Pavliková 
et al. (2008) showed that the formation of large 
amounts of proline at high heavy metal concentra-
tions leads to an increase in the glutamate kinase 
activity. This gives rise to an increase in the con-
centration of glutamic acid required for the syn-
thesis of glutathione and phytochelatins in plant 
cells. Thus, the ability of plants to synthesize large 
amounts of proline after exposure to Pb stress sug-
gests the ability to tolerate this element (Ozturk 
and Demir 2002). Pro is an indicator of oxida-
tive stress. It accumulates in plant tissues when 
exposed to many environmental factors (Zhu et 
al., 2008) as well as has chelating and antioxidant 
properties, protecting enzymes from the denatur-
ing effects of ROS. By capturing singlet oxygen, 
it protects CAT, POX, and polyphenol oxidase, 
among others (Verbruggen and Hermans 2008).

Effects of BAS on the photosynthetic 
pigments content in leaves of 
barley under lead stress

Application of Pb salt in growth media sig-
nificantly suppressed the photosynthetic pig-
ments content (total chlorophyll and carotenoids) 
of tested barley seedlings (Table 1). The Pb-in-
duced stress decreased the content of both total 
chlorophyll and carotenoid, by 33.5 and 31.3% in 
comparison to the control. However, it was ob-
served that BAS application had a positive effect 
on the tested traits in comparison to the control. 
The greatest increase of the total chlorophyll and 
carotenoids content was determined after the use 
of SA, by 24.1% and 6.6% and PP by 25.8 and 
15.0%, respectively. 

The use of all exogenous biologically active 
substances in combination with Pb significantly 
reduced the toxicity of lead ions in comparison 
to the level of photosynthetic pigment content in 
the seedlings treated only with 1 mM Pb(NO3)2 
(Table 1). According to Chen et al. (2007), Pb in-
hibits the synthesis and even increases the deg-
radation of chlorophyll, resulting in impaired 
uptake of essential elements such as Mg and Fe 
by plants. In their study, they used exogenous SA 
pretreatment on young rice seedlings. The ob-
tained result showed that SA could enhance the 

chlorophyll content under Pb stress significantly 
higher compared to the control. Similar results 
were obtained by Matewaly et al. (2003) on the 
influence of the stress caused by the effect of Cd 
on barley seedlings. In turn, Krupa-Małkiewicz et 
al. (2018) studied the exposure the goji seedlings 
to 1 mM Pb(NO3)2 and observed marked reduc-
tion on the contents of chlorophylls a and b and 
carotenoid, by 21%, 51% and 54%, respectively, 
with respect to the control. Addition of AsA to 
MS medium significantly mitigated the negative 
effect of Pb-stress factor. Khattab (2007) to alle-
viate saline stress in canola used GSH and Poly 
(A) (poliadenylic acid) as biologically active 
substances. According to many authors (Zech-
mann et al., 2008; Noctor et al., 2012) glutathi-
one shows effects in various cellular functions in 
biosynthetic pathways, sulfur transport, gene ex-
pression, eliminates the reactive oxygen radicals 
(ROS), and resistance to biotic and abiotic stress-
es. Glutathione also has a protective function for 
the plant in forming conjugates with xenobiotics, 
and acts as a precursor for the synthesis of phy-
tochelatins, which are involved in the detoxifica-
tion of heavy metals (Cobbett and Goldsbrough, 
2002). The canola seeds treated with GSH and 
Poly (A) significantly increased the contents of 
chlorophylls a and b. The ameliorating effects of 
glutathione may be due to their protective role in 
salinity tolerance by maintaining the redox status. 
In turn, Abdelhamid et al. (2013) showed that fo-
liar treatment of nicotinamide on faba bean plant 
in two concentrations (200 and 400 mg) allevi-
ated the effect on the contents of chlorophyll a, 
chlorophyll b and total pigments. In order to alle-
viate the effects of temperature stress in corn, Ah-
mad et al. (2014) used exogenous AsA, SA and 
H2O2. The chlorophyll b contents were increased 
with exogenous application of AsA, SA and H2O2 
in maize. This increase in the chlorophyll b con-
tent might be due to enhancement in antioxidant 
production at low temperature which may have 
protected chlorophyll from degradation.

Effects of BAS on enzyme activities in leaves 
of barley seedlings under lead stress

The use of lead salt had a significant influence 
on increase of antioxidant enzyme activities: CAT 
and POX by mean from 241.7% to 696.6% with 
respect to the control (Table 1). The increase of 
the activities of the above-mentioned enzymes in 
coleoptiles was also observed after the addition 
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of BAS. The increase for CAT was in the range 
from 34.9% to 66.8% and for POX from 16.4% 
to 110%, respectively. The use of BAS influenced 
the reduction of the activities of the tested en-
zymes in the Pb-stressed plants, in comparison to 
the test combination with lead only (Table 1). In 
the CAT case, the significantly decreased activ-
ity of the enzyme was observed for all combina-
tions at a similar level. The use of combination of 
α-Toc+Pb was most favorable for POX, decreas-
ing the activity of the enzyme by 71.86%. Accord-
ing to Krieger-Liszkay and Trebst (2006), Maeda 
and DellaPenna (2007) a-tocopherol is an anti-
oxidant that has been demonstrated to deactivate 
reactive oxygen species from photosynthesis. It 
also scavenges peroxyl radicals in thylakoid mem-
branes, thereby preventing lipid peroxidation. In 
turn, Chen et al. (2007) indicated that SA pretreat-
ment in the absence of Pb was the most favor-
able for decreased CAT activity in rice seedlings. 
Rucińska-Sobkowiak (2010) indicated that the 
reports on the changes of antioxidant enzymes un-
der the effect of environmental stresses differ. As 
reported by Dey et al. (2007), the reason for such 
different reactions of enzymes under similar stress 
conditions, may consist in not entirely identical 
experimental conditions. CAT, POX, SOD are 
significant antioxidant enzymes, which function 
in the cells; they are important in order to prevent 
the excess reactive oxygen species accumulation 

(Passardi et al., 2005). Hydrogen peroxide is re-
moved by CAT and POX, among others (Cui and 
Zhao, 2011). The increase of activity of these en-
zymes indicates oxidative stress in the cells. A sig-
nificant decrease of the activity of SOD, CAT and 
POX in plants, as provided by Dey et al. (2007) 
indicates the weakening of the scavenging sys-
tems for the reactive oxygen species, which are 
found during the effect of a stressor. These authors 
believe that the decrease of enzyme activity may 
be caused by enzyme inhibition. These proteins 
are sensitive to numerous factors. According to 
Rucińska-Sobkowiak (2010) as well as Cui and 
Zhao (2011) such different reactions in the activity 
of enzymes (increase, decrease or lack of changes) 
depend on the plant species, the treatments used, 
its concentration and the exposure time. The range 
of plant response to stress differs within one spe-
cies; a variable tolerance to the same factor is ex-
hibited (Malik et al., 2010).

Ward’s agglomerative method was used to 
group treatments according to the morphological, 
biochemical and physiological parameters in order 
to reveal the effective influence of Pb and BAS on 
seedlings barley growth (Fig. 1). Treatments were 
clustered in six discrete groups (a–f). Separate 
groups were formed by the independent variables 
(control and Pb, respectively) and SA+Pb (Fig. 
1). The other two groups included, respectively, 
BAS – added to investigate the effect per se on the 

Fig. 1. Dendrogram of cluster analyses of Ward’s method of dependent variables 
determined for seedlings of barley cv. Eunova after using twelve treatments. The 

vertical lines indicate the cuts-off used to form the five groups (a–f)
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studied seedling traits and BAS+Pb to investigate 
their ability to minimize the stress caused by the 
presence of lead salts in the solution. It has been 
shown that BAS inhibits the toxic effect of lead to 
varying degrees if selected morphological, physi-
ological and biochemical parameters are analyzed 
(groups b and c). It should be added that Ward’s 
agglomerative method was used by Manschadi et 
al. (2008) to group wheat genotypes differing in 
tolerances to drought in terms of growth angle and 
seminal root number. The effect of Ward’s group-
ing has been used in MDS (Fig. 2). Clearly dif-
ferent coordinates were observed in both graphs 
for the five different groups. Distinct groups were 
formed by BAS and BAS+Pb. Others were con-
trol, PB and SA+Pb. The splits observed in the 
two-dimensional spaces of MDS clearly reflect 
the effect of BAS in alleviating the abiotic stress 
induced by lead salts.

To better visualize the differences in the inter-
action of various BASs with Pb used in the experi-
ment, MDS was performed for the Eta^2 values 
generated in the ANOVA analyses for the interac-
tions described for each BAS and the investigated 
dependent variables. The distribution of points 
(individual BAS) in different places of the two-di-
mensional MDS space suggests differences in the 
influence of individual BASs on minimizing the 

negative impact on the toxic effects of Pb. Simi-
larly, for individual BASs, the 2D MDS space is 
presented after the analysis of the value mapping 
‘raw’ inteaction BAS×Pb variance effect (Fig. 2).

CONCLUSIONS

Lead salts negatively affect the determined 
morphological, biochemical and physiological pa-
rameters in 10-day-old spring barley seedlings. Of 
the BAS tested, the best effects in mitigating the 
negative effects of Pb stress were shown by: PP, 
α-Toc and GSH. In contrast, the lowest were de-
termined for SA. Changes in the values of Pb-in-
duced abiotic stress indicators, such as MDA, Pro, 
Chl a+b, Car, CAT and POX, reflect the stress sta-
tus of the plant. They allow seeing and expressing 
the beneficial effect of BAS in minimizing it.
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