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ABSTRACT

The aim of this study was to determine the effect of lead, nickel and cadmium on the germination of barley seeds
(Hordeum vulgare L.) of Jadran variety. Based on the percentage of germination, germination energy, and root
and hypocotyl length, authors done an analysis of the effects of PbCl,, NiCl,, CdClI, solutions, in concentrations of
10% mol/m?, 102 mol/m?, 10 mol/m?, 1 mol/m?, 10 * mol/m?, 102 mol/m®. The results showed that germination and
germgrowthin stress conditions which are caused by heavy metals depend on the type of metal and its
concentrations. The most toxic effect of alltested solutions had CdCl,, and the weakest toxic effect had PbCl,.
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INTRODUCTION

The harmful effects of heavy metals in soil are reflected in
the entire ecosystem (Kabata-Pendias, 2011). By accumulation
in soil, heavy metals are involved in biochemical processes of
element circulation, and in food chains. As a consequence of an
inadequate application of chemicals, artificial fertilizers, etc. in
agriculture, an increased amount of heavy metals occurs in
agricultural land, which leads to the manifestation of their
phytotoxic and negative impact on the quality of plant products
(Rajkovic et al., 2012., Djelic et al., 2012., Pesko et al., 2011).
Plants that grow or which are cultivated on contaminated land
present health hazard for animals and human population.

Maximum permitted levels (MPL) of hazardous and
noxious substances in soil and irrigation water, which can
damage or alter the agricultural production capacity and the
quality of irrigation water, coming from discharges from
factories, dumping, improper use of mineral fertilizers and
preservatives plants, are regulated in the Republic of Serbia by
the Rulebook on the allowed quantities of dangerous and harmful
substances in soil and water for irrigation and methods of their
testing. If land contains more than the maximum allowed levels
(Tab.1), than it is not recommended for agricultural production.
Barley is considered to be one of the oldest, most widespread
cereal in Europe. It has been cultivated for over 10,000 years
(Salamini et al., 2002).

The species of the genus Hordeum have a basic number of
chromosomes 7. Grown barley Hordeum vulgare L. ssp. vulgare
and its wild ancestor H. vulgare L. ssp. spontaneum (C. Koch.)
Thell. are diploid species with 2n = 14 chromosomes.

All cultivated forms of barley belong to species Hordeum
vulgare L., which is divided into three subspecies based on the
number of developed classics (Kricka et al., 2012): double row
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barley (H. vulgare ssp. distichum), transitional barley (H. vulgare
ssp. intermedium), row barley (H. vulgare ssp. polystichum).

It has short vegetation, and it istolerantto low temperatures,
drought, salts, and basic soil reaction (Poehlman et al., 1985).

In order to obtain higher yields and better grain quality,
numerous tests are being carried out to create new varieties
resistant to biotic and abiotic stress (Zhang et al., 2001). So far,
124 varieties of barley have been created in the Republic of
Serbia (Madic et al., 2011).

Barley (H. vulgare) is the most widespread of all cereal. It
has a very rich nutritional value because it contains a large
amount of vitamin B complex, and vitamins A, E, K, D. It is an
excellent source of vegetable fibers, proteins, phosphorus,
magnesium, zinc, iron, etc. Only 200g of barley contain 55 % of
the recommended daily amount of vegetable fiber. It is gluten
free and easy to digest, and due to its medicinal properties it is
recommended that people consume this valuable food frequently
(Tanner et al., 2016).

Table 1. Maximum permitted levels.

Chemical Maximum Maximum
elements permitted levels permitted levels
in soil in water
mg/kg soil mg/lwater
Cadmium to 3 to 0.01
Lead to 100 to 0.1
Nickel to 50 to 0.1

The Jadran variety is spring barley which is cultivated
during summer time. It is characterized by a low stalk and good
resistance to lodging. The quality of the grain and malt is
excellent. The aim of this study was to determine the effect of
different concentrations of heavy metals Pb, Ni, Cd on the
germination, germination energy, root length and hypocotyl of
barley (H.vulgare) seeds of the Jadran cultivar.



EXPERIMENTAL
Materials and methods

The toxic effect of heavy metals on barley seeds of Jadran
cultivar was investigated using a solutions of PbCl,, NiCly,
CdCl;, prepared in distilled water,in 7 different concentrations
as follows: 10% mol/m?, 102 mol/m®, 10 mol/m?, 1 mol/m?, 10?
mol/m?, 10”2 mol/m* and 0 mol/m? (control)

100 seeds were planted for each concentration. 7 petri
boxes were used on the bottom of which the filter paper was
loaded with: 7 different concentrations of each heavy metal. Petri
boxes with seeds were placed in a thermostat at a temperature of
+22° C. The experiment was done in three repetitions.

The length of the root, hypocotyl, was determined on the
fifth day after placement of the experiment.

Germination energy was calculated by the form:

2.(nxp)
> m
where: n - germination time (first day, second day...); p -
number of germinated seeds; m- total number of germinating
seeds (Komljenovi¢ & Todorovi¢, 1998).

The analyzed parameters are shown in the mean values and
were statistically processed by the method of analysis of variance
using two-factor trial, and the significance of differences was
tested by LSD test for P 0.05 and 0.01.For statistically process
the results it was used SPSS Statistics program (SPSS 16 for
Windows).

M)

RESULTS AND DISCUSSIONS

The percentage of germination of spring barley (H. vulgare)
seeds of the Jadran variety in distilled water (control) is 85%
(Fig. 1). Increase of heavy metal concentrations significantly
decreased the germination percentage of barley.

Lead content in soil is very variable. This variability is
mainly caused by the parent substrate on which the soil was

formed. It is even more absorbed than Cu, Zn, Cd, which
behave similarly in soil as lead (Steiger, 1996). The pH
reaction of the soil significantly affects the bioavailability
of Pb, because increased acidity of soilincreases Pb
solubitily. However, this process is relatively slow (Kabata-
Pendias, 2011). Usually Pb in soil is highly adsorbed to soil
particles and it creates precipitates in high degree. Only
about 0.005-0.13% Pb in soil solution is available to plants
(Kabata-Pendias, 2011).
&

Figure 1. The germination percentage of barley seeds (Hordeum
vulgare L. varieties Jadran) in solutions of different
concentrations of PbCl,, NiCl,, CdCl,
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Research results from Azmat et al. (2006) show that
lead inhibits germination of seeds, decreases germination
percentage, germination index, and root/hypocotyl length in
Phaseolus mungo and Lens culinaris species.

Our research (Tab. 2) shows that the PbCl, solution has the
highest toxicity to germination of the seeds of spring barley (H.
vulgare) of the Jadran variety at a concentration of 10 mol/m®
where germination is reduced by 58% in relation to control. At
the lowest concentration of 10 mol/m? seed germination was

reduced by 2% compared to the control.

Table 2. The percentage of germination of barley seeds (Hordeum vulgare L. varieties Jadran) in solutions of different concentrations
of PbC|2, N|C|2, CdC|2

10°mol/m® | 10°mol/m*® | 10mol/m® | Imol/m® | 10 Tmol/m® 10Zmol/m?®
PbCl, 27% 45.5% 61.5% 70.5% 81% 83%
NiCl, 0% 42.5% 50% 71.6% 80% 79%
CdCl, 0% 11.5% 31.5% 46.6% 58.3% 70%
H,O 85%

Nickel is an essential element required for plant
growth and iron resorption (Chen et al., 2009). It is part of
the urease enzyme that hydrolyzes urea in plant tissues
(Polacco et al., 2013). The main mechanisms by which
plants take up Ni are passive diffusion and active transport
(Ahmad & Ashraf 2011). Excess Ni affects the absorption
of nutrients at the root, decreases plant metabolism, inhibits
photosynthesis and transpiration, causes ultrastructural
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modifications and oxidative stress (Chen et al., 2009).
Nickel disrupts the Krebs cycle and electron transport in the
process of oxidative phosphorylation.

Nickel, unlike lead, has good motility in both xylem and
phloem and in large quantities is accumulated in fruits and seeds.
Leaves usually have the highest nickel content, the younger parts
have a higher content than the older ones, and the seeds have a



higher content than the straw..Nickel adversely affects not only
the mobility or translocation of iron, but also its uptake.

Leone et al. (2005) indicate that the strongest toxic effect
on seed germination has Ni in the form of NiCl,, and weaker as
Ni sulfate and Ni acetate.

The results of this studyshow that seeds of H.
vulgare,Jadran varieties did not germinate in NiCl; solution, with
concentrations of 10° mol/m® (Fig.1), so this concentration is
lethal to seeds of this species. The sublethal concentration is 102
mol/m? because it is the concentration in which 11.5% seeds
germinate, which is 74% less than the control. NiCl, solution in
concentrations from 10 mol/m® to 10? mol/m*® reduces the
germination rate by up to 7% compared to the control (Tab. 1).

Cd is not an essential element for plants, but they adopt it
(Porgbska & Ostrowska, 1999). Cadmium absorbed from the
nutrient medium is generally retained in the root. High
concentrations of cadmium in plants inhibit respiration and
electron transport in the process of oxidative phosphorylation,
inhibit metabolism due to interactions with zinc, induce chlorosis
and thus reduce the intensity of photosynthesis. The toxic effect
of cadmium on plants has been the subject of numerous studies
(Djelic et al., 2016, 2018; Ahmad et al., 2015; Shafi et al., 2010;
Stankovic et al., 2010; Khan et al., 2006; Peralta-Videa et al.,
2002; Jiang et al., 2001). The obtained results show that the
germination of seeds of barley, Jadran variety, in the weakest Cd
concentration is 15% less in comparison with the control, 13%
less in comparison with the solution of the same Ni concentration
and 9% less in comparison with the Pb solution. With increasing
concentration of CdCl, solution, the germination percentage
decreases drastically (Tab. 2). The lethal concentration is 10°
mol/m®.

Based on the toxic effect on the % germinated seeds of
barley (H. vulgare.), Jadran variety, we can compare the
following: Cd > Ni > Ph.

The average root length on tested seeds of barley (H.
vulgare) Jadran variety, in water (control) is 76.3 mm (Xmin - 18
mm, Xmax - 132 mm), and the mean hypocotyl length is 71.2
mm (Xmin - 19 mm, Xmax - 135 mm).

The lead solution exhibited the least toxic effect (Tab. 3) of
all tested metals, on root and hypocotyl growth. The toxicity of
PbCI, solution was more pronounced on root and hypocotyl
length than of% germinated seeds. At a concentration of 10°
mol/m?®, the root length is 3.1 mm, which is 73.2 mm, is 95,8%
shorter than the control and the germination rate at this
concentration is reduced by 58%. At a concentration of 102
mol/m® the root length was 70.7 mm shorter than the control
(Tab. 2), and the hypocotyl length 61 mm shorter than the
control. Root length in solution of 10 mol/m® is 33.1 mm
(434%), concentration of 1 mol/m® is 31 mm (40.6%),
concentrations are 107 mol/m® by 23.1 mm (30.3%),
concentrations are 102 mol/m® is 22.3 mm (29.26%) smaller than
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in control. In all PbCl, tested solutions, there was a significant
shortening of hypocotyl length (Tab. 4) relative to the control.

NiCl, has a stronger toxic effect on root growth and
hypocotyl of barley germ than PbCl,. A high level of toxicity can
also be observed at a concentration of 10 mol/m® since the
measured root length at this concentration is only 2.3 mm, which
is 74 mm (97%) less than the control. The length of the
hypocotyl at this concentration is also small (1,6 mm). The
solution in concentration of 10 mol/m® has slightly weaker toxic
effect where the root length is 7.9 mm which is 68.4 mm shorter
than the control (Tab. 1) and the length of the hypocotyl is 38.6
mm which is 37.7 mm shorter than the control. If we compare
with the values in the solution of PbCl,in concentration of 10
mol/m®, we will notice that the root length in the nickel solution
is shorter by 35.3 mm and the hypocotyls by 33.2 mm shorter
than the values measured in the lead solution.

This result indicates a stronger toxic effect of nickel than
lead. The root and hypocotyl lengths at a concentration of
1mol/ms are 38.6 mm and 52.7 mm, which is 38 mm and 23.9
mm less than the control. and at this concentration NiCl, has a
stronger toxic effect than PbCl,. Concentrations of 10! mol/m?®
and 10 mol/m®have the least toxic effect, but they also
significantly reduce root length and hypocotyl.

The root length of the germ of barley (H. vulgare.), Jadran
variety, at all concentrations of CdCl; solution is shorter than that
in control. In the solution of concentration 102 mol/m?, the root
was shorter by 98.8% compared to the control, compared to
PbCl; by 4.6 mm and 82.1%, respectively, and by 1.3 mm and
56.2% shorter than NiCl,. A significant decrease in root growth
was also observed in the solution of concentration of 10 mol/m?,
where the root length is 3.4 mm, which is 42.9 mm shorter than
the control and 39,8 mm shorter than rootsin PbClysolution. A
significant decrease in the root length of the germ of barley,
Jadran variety, was also observed in solutions of 1 mol/m?®, 10*
mol/m?, 102 mol/m® (Tab.3). The results shown in Tab.4. show
that the development of hypocotyl at all tested CdCl,
concentrations have a strong toxic effect.

Based on the toxic effect on the root length and hypocotyl
of the germ of barley (H.vulgare), Jadran variety, all tested
metals can be compared in the series: Cd> Ni> Pb.

Analyzing the variance of the two-factor trial and testing
the significance of differences by LSD test for the P 0.05 and
0.01 risk level, we found that there were statistically significant
to highly significant differences in root growth (Tab.3) and
hypocotyl (Tab.4). The obtained results relate to all tested heavy
metals and most of their concentrations compared with the
control as well as for the interactions of heavy metals and
concentrations.

Germination energy indicates seed quality. If the seeds
germinate quickly and at a steady pace, better results are
obtained in sowing, and the development of plant is more lush. It
is actually a computerized method of utilizing data from the



germination log in which are entered the type and variety of
seeds, the date of placement of the sample, the number of
germinated seeds per day and the number of germinated seeds at
the end of the test (Komljenovi¢ & Todorovié¢, 1998).The smaller
obtained number, the higher the seed germination energy, since

more seeds germinated in shorter period of time.
Table 3. Root length (mm) of barley, Jadran variety, treated with heavy metal compounds PbCl,, NiCl,, CdCl..

Table 4. Length of hypocotyl (mm) in barley of Jadran variety treated with heavy metal compounds PbCl,, NiCl,, CdCl,
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Data on germination energy is important for practice
because it indicates faster growth and independence of some
cultivated plant species, which means that crops with higher
germination energy will better resist the negative effects of initial

growth.

solution/ PbCl, NiCl, CdCl,
concentration (min.-max. mm) (min.-max.mm) (min.-max.mm)
3 3 31 0 0
10° mol/m (1-14) (0-0) (0-0)
5.6 2.3 1
10% mol/m?® (1-26) (1-5) (0-1)
43.2 7.9 34
10 molim® (2-77) (1-30) (1-69)
45.3 38.6 21.2
1 mol/im? (1-67) (3-110) (2-132)
53.2 54.9 35
10! mol/m? (11-85) (2-112) (1-108)
54.2 66 47.9
102 mol/m? (25-100) (4-107) (1-115)
76.3 76.3 76.3
Control (19-135) (19-135) (19-135)
LSD A-Concentratio of B- type of heavy AB
heavy metals Metal
0,05 2.111 1515 017
0,01 3.140 2233 10.510

solution/ .
concentration PbCl, NiCl, CdCl;,
(min.-max. mm) (min.-max. mm) (min.-max. mm)
10° mol/m® 2,3 0 0
(1-15) (0-0) (0-0)
10% mol/m®, 10.2 1.6 1
(1-28) (1-5) (0-1)
10 mol/m?® 41.8 8.6 3L.6
(2-79) (1-30) (1-65)
1 mol/m® 56.5 52.7 51.2
(1-105) (3-110) (2-105)
10 mol/m?® 57.2 62.1 52.8
(11-105) (2-112) (1-106)
102 mol/m® 62 63.5 60.6
(25-100) (4-107) (1-110)
Control 71.2 71.2 71.2
(18-132) (18-132) (18-132)
A Concentration of B type of heavy
LSD heavy metals metal AB
0.05 1.277 1.459 4.812
001 2.462 2.690 5.440




The results obtained for the germination energies of barley
seeds in solutions of different concentrations of PbCl,, NiCly,
indicate that the tested solutions at all
concentrations significantly reduce the energy of germination of

CdCl, (Tab. 5)

barley seeds (H. vulgare), Jadran variety. It is observed that

germination
concentration.

energy decreases

with

increasing

solution

Table 4. Comparative energy overview of the seed seeds in the solubility of various concentrations of PbCl,, NiCl,, CdCl.,.

10 mol/m® | 10 mol/m® | 10 mol/m?® | 1 mol/m?® | 10 mol/m® | 102 mol/m®
PbCl, 4.5 35 2.9 2.7 2.1 1.8
NiCl, 0 3.9 31 3 2.3 1.9
CdCl, 0 5 4.3 3.9 3 2
H,0 15

The germination energy in the control is 1.5. In a solution
of NiCl,, and CdCl, at a concentration of 10 mol/m® is the
smallest decrease in germination energy. PbCl, solution has the
weakest toxic effect compared to all tested metal. Seed
germination occurred at all concentrations of this metal.
However, the development of the germ shows that the lead has a
toxic effect. A particularly good indicator of its toxicity is
germination energy. In the solution of concentration 10 mol/m®
germination energy is 1.8. and this indicates that it takes longer
for seeds to germinate than in control. The tested heavy metals at
all concentrations showed a stronger toxic effect on germination
energy than ongermination percentage.

Based on the toxic effect on the germination energy of
barley seeds (H. vulgare), Jadran variety, the tested metals can be
compared in the following order: Cd> Ni> Pb.

In plants, these metals directly or indirectly cause a wide
range of physiological and biochemical dysfunctions that lead to
reduced yield (Amari et al., 2017). Cd, Pb, and Ni show
phytotoxic effects on germination and germ development in
Lactuca sativa, Brassica oleraceae, Lycopersicon esculeatum,
Raphanus sativus (Johnson et al., 2011), Helianthus annus (Jadia
& Fulekar, 2008).

CONCLUSION

Based on the results obtained by testing different
concentrations of PbCl,, NiCl,, CdCl, solutions, on the
percentage of germination, germination energy, root length and
hypocotyl of the species (Hordeum vulgare L.), Jadran variety, it
can be concluded that: barley seeds have significantly reduced
germination in the presence of all tested heavy metals and
germination length, root length and hypocotyl, as well as
germination energy depend on the type of heavy metal and
solution concentrations. The most toxic effect has Cd and the
weakest toxic effect has Pb.
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