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ABSTRACT

The effect of treatment of seed with various lead con-
centrations of Pb-acetate (10°M, 10*M, 10-M, 102M and
2 x10 M) on seed germination (beans, onion, raddish, car-
rot, lettuce, brussels sprout) was investigated. The distribu-
tion of lead (Pb) in different tissues of the bean seed (seed
coat, endosperm, embryo), depending on seed mass (large,
medium and small) was also determined. We found that the
highest concentration of Pb-acetate (2x102M) causes con-
siderably higher loss of germination in almost all the veg-
etable species studied, while in carrot and lettuce it was to-
tally eliminated. The highest tolerance in regard to the in-
creased concentrations of Pb-acetate on seed germination
was found in the seeds of bean and onion. Lower applied
concentrations of Pb (10-°M, 10-*M) did not significantly
accumulate and mobilize lead in endosperm (0.22 and 5.50 pg
g') and embryo (5.33 and 20.52 ug g"! in medium and large
size of seed). The seed coat accumulated significant amounts
of Pb at the highest Pb-acetate concentration (2 x102M). The
Pb content in seed coat was highest (1139 pg g!) in seeds
with small total mass, with the lowest accumulation of Pb
(1052 pg g') observed in the largest seed. Accumulation
of Pb in the seed coat is a form of protection mechanism
from the unfavorable effects of high concentrations and
lead accumulation in the central parts of the seed (embryo).
Seeds with the largest total mass accumulate less content
of Pb in embryo and endosperm respectively.
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1. INTRODUCTION

Plants absorb heavy metals from the soil through the
root and from the atmosphere through over ground vegeta-
tive organs [1]. The quantity or level of heavy metals ab-
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sorption in plants, depends not only on the concentration of
the metals in the physical and chemical composition of the
soil [2], but also varies in different plant species [3]. Some
authors have reported the existence of differences in accu-
mulation of heavy metals in plant cultivars, organs, and tis-
sues [4]. Lead is not essential for higher plants, and if plants
need Pb, the needed concentration ranges between 2 and
6 ppb [5]. There is, however, data that indicates that lower
concentrations of Pb can stimulate plant growth [6]. It has
been established that treating seeds with high heavy metals
concentration reduces the biological value of the seed, as
well as the growth of the primary root [7]. A number of ex-
periments have established the unfavorable effects of high
Pb concentrations on life processes in plants. For example,
it was determined that Pb inhibits seedling growth [8], cell
elongation [9] and photosynthesis [10], causes interruption
of mitosis [11], affects the water regime [12], mineral nutri-
tion of plants [13] enzyme activities [14, 15] and induced
deficiency of CO, due to stomatal closure [16].

The effects of metals on seed germination from differ-
ent plants depend on interspecies differences in seed struc-
ture, particularly seed coats, as seed coats have a wide
range of anatomic forms that exist in no other plant organ
or tissue [17]. Although the seeds are tolerant to the pres-
ence of all metals, the percentage of germinated seeds de-
pend on the type of metal and its concentration. Numerous
studies have been carried out on seed germination and
seedling growth of different plant species exposed to heavy
metals [18-20]. The decrease in seed germination is at-
tributed by the heavy metal treatment [21, 22]. Lead has an
inhibitory effect on seed germination. Lower concentra-
tions of heavy metals (between 3 and 33 ppm) have been
shown to partially inhibit seed germination of Picea abies L.
and the highest concentrations (100ppm) of all metals to
cause total inhibition [23]. Vigna mungo and Vigna radiata
were the most tolerant on the seed germination ones than
Lens culinaris and Pisum sativum to most of the heavy
metals [24]. Reduced seed germination is observed in corn
treated with 20, 50, 100 and 200 pg/ml lead acetate [25].
There is a continuous decrease in the extent of germination
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with the increase of lead concentration. At a 1.0 mM con-
centration, the germination was decreased by 10% while it
reached up to 100% at 500 mM [26]. An acidic environ-
ment is an important requirement for faster penetration of
lead in the seed that inhibits germination. In order to reduce
the negative effect of lead, the use of heavy metal chelators
such as cysteine and salts of Na and Cl tetra acetic acid
EDTA, and fat soluble vitamins A, E and D, have been re-
sorted to [27].

Lower concentrations of Pb have not significantly af-
fected mobilization of mineral matter during seed germina-
tion [28]. Thus, the presence of low concentrations of both
Pb and Cd result in a small stimulation of the growth of
seedlings of buckwheat cultivars, while higher doses in-
hibit root growth [29]. Though the effects are more pro-
nounced at higher concentration and duration, in some cases
lower concentrations may stimulate seed germination [30].

Seed coats were impermeable to lead in the first period
of imbibition when water uptake is intense. In the final
stages of imbibition, when water uptake is reduced, seed
coats became more permeable to lead. The lead that pene-
trated into the embryos in the final stage of imbibition de-
layed germination. This shows that seed coats are selec-
tively permeable to lead ions [11]. Seed of Phaseolus vul-
garis has a great absolute mass, its a large seed, easy to
separate the individual parts during the germination and
may be easier to follow the distribution of lead in the dif-
ferent seed tissue unlike of the seed with low absolute mass
(onion, raddish, carrot, lettuce, brussels sprout).

Having all this in mind, the aims of this paper were to
determine the effects of different concentrations of Pb-ac-
etate on germination of different vegetable seed. Large, me-
dium and small seeds of bean should be compared in terms
of metal accumulation and distribution in different seed tis-
sues (seed coat, endosperm, embryo) during sprouting.

2. MATERIAL AND METHODS

2.1 Experiment 1: Effect of Pb on seed germination

Seeds of beans (Phaseolus vulgaris L.), onion (Allium
cepa L.), radish ( Raphanus sativus L. var. radicola), carrot
(Daucus carota L.), lettuce (Lacuca sativa L.) and brussels
sprout (Brassica oleracea var. gemmifera) were obtained
from the Institute of Field and Vegetable Crops from Novi
Sad. All seeds were surface sterilized in 0.5% sodium hy-
pochlorite solution for 20 min and washed thoroughly with
distilled water. The seeds were germinated in Petri dishes
(150 mm diameter) with double layer of filter paper soaked
(10 ml) in varying concentrations of Pb-acetate (10°M, 10M,
10M, 10 M and 2 x10M).

In order to reduce the negative influence of Pb the use
of heavy metal chelators such as ethylenediaminetetraacetic
acid (EDTA) was applied. In a second series of experiments
the same seeds were treated with 10 ml of Pb-acetate at
different concentrations (10-°M, 10*M, 10-M, 10M and
2 x102M) plus 5 ml of EDTA (120 ml/ L H,0). Distilled
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water was used as control. The seeds were set under a pho-
toperiod of 12 hr, and 25+1[] temperature. The root and
shoot length of the seedlings were measured and the ger-
mination percentage was recorded after 96 hr. A 1-mm rad-
ical emergence from the seeds was considered as seed ger-
mination. Data are the results from five replications with
100 seeds in each Petri dish.

Experiment 2: Pb translocation in the seed

The experiment was carried out using the seed of bean
(domestic old cultivar 'Tetovac'). Enrichment of seeds with Pb
was completed by their imbibition in solutions with various
concentrations of Pb-acetate (10°M, 10°M and 2 x10M) at
22 °C during 24 hours. Depending on the seed weight the
samples were derived into three groups : large (715 g), me-
dium (465 g) and small (280 g). Each sample contained the
same number of seeds. Following the water uptake dynam-
ics during 24 hours showed that at 22 °C the water content
in the seed reached 40%, which is sufficient for germina-
tion and enables maximal introduction of Pb into the seed
tissues. After imbibition, seeds were rinsed with distilled
water. Seeds were then kept in a thermostat for germination
for 4 days at 25 °C. Afterwards, the biological value of the
seed was examined, according to the procedure published
in Official Gazette of SFRY (Sluzbeni list SFRJ 47/87).

To study the heavy metals accumulation in different
seed bean tissue were oven dried (110 °C) for 24h. The
samples (0.3 g) were digested in a 1:3 HNO3z and HCI mix-
ture. The digested samples were filtered through a What-
man filter (N°.42) before metal analysis, and the concen-
tration of lead was determined on an atomic absorber (Uni-
cam 929).

Statistical analysis. We performed two independent
experiments. Data are reported as means + SD. Statistical
significance was evaluated with Student's t-test, and con-
sidered to be significant when the P value was less than
0.05.

3. RESULTS AND DISSCUSION

Lead is not essential for higher plants. There is, how-
ever, data that indicates that lower concentrations of Pb can
show stimulating effect on seed germination [27]. With the
increase of Pb concentration, a tendency of decrease of ger-
mination ability, germination energy and typical seedlings
are observed, along with an increase in number of atypical
seedlings and non-germinated seeds. However, the ob-
tained differences in the mentioned parameters were not
statistically significant [27]. This could be because Pb mostly
remained in the peripheral parts of the seed and did not reach
the germ. High concentration of Pb-acetate (102M) in lettuce
seed totally prevents germination, while in seeds of the
other vegetable species germinations decreased by 26% in
carrots, 17.1% in brussels sprouts, and by a moderate 7.3%
in radishes in relation to the control (Table 1).
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TABLE 1 -The influence of Pb-acetate on the seed germination under experimental intoxications

beans onion raddish carrot lettuce brussels-sprout
Control (H,0) 100.0 100.0 100.0 100.0 100.0 100.0
10°M Pb-acetate 101.0+0.5* 98.9+1.2* 102.0+0.5* 98.9+0.8* 100.0+0.3* 103.0+0.5*
10*M Pb-acetate 98.4+1.2° 98.9+0.8* 101.0+1.0* 97.8+1.1* 93.4+1.5° 102.0+0.5*
10°*M Pb-acetate 97.9+1.5° 96.4+1.0* 101.0£1.0° 93.4+1.8° 88.2+2.2% 97.6+1.2¢
10”M Pb-acetate 92.2+2.0° 89.9+2.8% 92.7+1.6° 74.0+4.1° 0.00+0¢ 82.9+2.5%
2 x 10M Pb-acetate 78.3£3.6° 73.0+3.2° 54.244.5¢ 0.00+0¢ 0.00+0¢ 19.4+6.8¢

Our results let us conclude that beans in early phases
of growth are characterized by high tolerance to toxic con-
centrations of Pb. Higher concentrations of heavy metals,
among other Pb, can induce protein synthesis, phytochela-
tin, which was found in maize seedlings [30].

Doubling the concentration of Pb-acetate (2x102M)
causes considerably higher loss of germination almost in
all vegetable species investigated, while in some species
such as carrot and lettuce germination is totally eliminated.
The highest tolerance in regard to the increased concentra-
tions of Pb-acetate is found in the seeds of bean and onion.

However, low concentrations of lead (10 *M and 10-
M) cause to root growth of Brassica juncea while root
growth of Zea mays and Allium cepa were inhibited [31].
Seed germination and root development in plant was grad-
ually reduced with the increase of Pb concentration [32;
33]. Seed germination wasn’t effected from 125 pg mL!
concentrations but 250 pg mL-!, 500 ug mL"!' and 1000 pg
mL™! concentrations inhibited to seed germination in ratio
34.33%, 43.33% and 56.67% respectively [34].

The same trend has been observed with the highest
concentration of lead which causes inhibition of germina-
tion of Pisum sativum [35]. Lupinus luteus seeds lost some
degree of germinatinability when they were exposed to
lead [36]. The same trend was observed in Orzya sativa
[37] and in Sinapis alba [38]. In contrast, lead did not have
a significant effect on germination in Rumex thyrsiphlorus
[11]. These results support the observations reported by
other authors on the effect of different metals on seed ger-
mination [39]. However, the authors implied that, the
amount of lead per seed mass unit was important; suggest-
ing that the concentration of lead is not important on ger-
mination rate. This issue may relate to permeability of seed
coat to metal ions. Due to the different degree of permea-
bility of seed coats to metals, such as lead, may result in a
different degree of germination inhibition.

Acetic medium is a considerable precondition for a
sooner penetration of Pb into the seed which inhibits ger-
mination. In order to reduce the negative influence of Pb
the use of different chelators of heavy metals such as Na
and Cl salts acetic acid (EDTA) is applied. EDTA is a che-
lator which reduces the toxicity of Pb by binding to it, and
thus disables the inhibitory influence of Pb on the enzymes
responsible for the germination.

In medium with high concentration of Pb-acetate (2 x
102M), addition of EDTA increases the seed germination
to 17.6% in onion, 21.4% in radishes, 42.6% in brussels
sprout and 77.8% in beans compared to the seed germina-
tion in the presence of Pb-acetate alone (Table 2).

Chelating agents in their appropriately concentrations
could counteract Pb toxicity, but superfluous resulted in
less Pb uptake and growth inhibition of seedlings. Our re-
sults demonstrated that EDTA could enhance Pb absorp-
tion by the seedlings in both lower and higher contents of
Pb. Khodadoust et al. [40] also confirmed that EDTA and
organic acid were effective in removing Pb.

Lead concentrations from 102M to 10-°M Pb-acetate
in the presence of EDTA do not deviate much and are on
the level of the seed germination in control variant (only
EDTA). In carrot and brussels sprout seeds, a Pb-acetate
concentration of 10-°M in the presence of EDTA decreases
seed germination by 2.7% and 2.3% respectively, in rela-
tion to the control.

Lead has been reported to strongly affect the seed mor-
phology and physiology [41]. The major effects of heavy
metals on seeds are manifested by overall abnormalities
and decrease in germination [42], reduced root and shoot
elongation, dry weight, total soluble protein level [43], ox-
idative damage, membrane alteration, altered sugar and
protein metabolisms, nutrient loss [44; 16] all contributing
to seed toxicity and productivity loss. Pb toxicity has been
reported to retard the radical emergence via enhanced pro-

TABLE 2 - The influence of Pb-acetate +EDTA on the seed germination of some vegetable species under experimental intoxications

beans onion raddish carrot lettuce brussels sprout
Control (EDTA) 100.0 100.0+ 100.0 100.0 100.0 100.0
10°M Pb-acetate +EDTA 99.5£1.0* 100.0+£1.0° 100.0+0.6* 103.0+0.4* 100.0+0.5* 102.0+0.7*
10*M Pb-acetate +EDTA 98.9+1.5* 99.0+0.8" 99.0+0.9* 96.2+1.0° 94.9+1.6° 100.0£1.0
10-*M Pb-acetate +EDTA 98.9£1.2% 98.0+1.2* 98.0+1.3* 95.1£1.6* 91.0£2.0* 94.3+2.5
10°M Pb-acetate +EDTA 94.242.0* 96.9+1.7 91.8+2.5° 91.4+1.9* 0.00+0¢ 81.8+3.5%
2x10M Pb-acetate +tEDTA 92.142.5* 86.5+2.1% 65.3+3.6 0.00+0¢ 0.00+0¢ 45.5+4.5°

672



© by PSPVolume 24 — No 2a. 2015 Fresenius Environmental Bulletin

tein and carbohydrate contents, affecting the activity of
many enzymes [45]. Pb-polluted soils have been shown to
inhibit seedling growth via increased lipid peroxidation,
and activation of superoxide dismutase (SOD), guaiacol
peroxidase (POD) and ascorbate peroxidase (APX) en-
zymes [46].

In the majority of species the seed coat constitutes the
effective barrier against penetrating of toxic ions [47]. On
that account the content of harmful elements in the seed coat
is usually two-to four-times higher than in the embryo [48].

If the seed coat is permeable to metals, it can cause
delaying or inhibition of germination. As a result, the re-
sults presented in this study show that germination was de-
layed in seeds of Phaseolus vulgaris due to exposition to
metals, especially lead. Seeds of bean may lose their ger-
minability in different concentrations of metals because it
has highly lead permeable seed coats. Studies have shown
that seed coats are the main barriers to metals and prevent
contamination of embryos [42].

According to Weiqiang et al. [49] tissues covering the
embryo are able to protect the embryo against heavy metal
toxicity by selective penetration but the following seedling
growth (after breakage of seed coat) was virtually re-
pressed at lower concentrations of heavy metals.

We show that lower applied concentrations of Pb (10°M,
10-*M) did not significantly accumulate and mobilize lead
in the endosperm (0.22 and 5.50 pg g!) and embryo (5.33
and 20.52 pg ¢! in medium and large size of seed). At the
highest Pb-acetate (2 x10-2M) concentration, the content of
Pb in the seed coat was the highest (1139 pg g™!) in a seed with
small total mass, while the lowest accumulation (1052 pg g™')
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was obtained in the largest seed. It is possible that accumu-
lation of Pb in the seed coat is a form of protection mecha-
nism from the unfavorable effects of high concentrations
and lead accumulation in the central parts of the seed (em-
bryo). The endosperm and embryo show a similar pattern,
but at a lower level of accumulation (Table 3).

Seeds with the largest total mass accumulate less con-
tent of Pb in embryo and endosperm (Table 4). Small seeds
possess a greater surface area to volume ratio than large
seeds. This greater surface area permits them to have ac-
cess to a greater amount of lead than larger seeds, which
means they will accumulate more lead. Based on the ob-
tained results, it can be concluded that the bean is charac-
terized by a significant tolerance to Pb contamination dur-
ing seed germination and growth of seedlings (Table 5).
The reason for diminish in seed germination of plant in the
presence of high concentration of heavy metals could be
due to the accelerated breakdown of stored food materials
in seed [50] and or be due changes of selection permeabil-
ity properties of cell membrane.

Although plant defense strategies exist to cope with
heavy metal toxicity via reduced uptake into the cell, se-
questration into vacuoles by the formation of complexes,
binding by phytochelatins, synthesis of osmolytes, altered
expression of enzymes, over expression of genes exist,
mechanisms by which germinating seeds combat heavy
metal stress remains largely unknown. The future scope of
this explorations remains in understanding the biochemis-
try of heavy metal toxicity in germinating seeds. Under-
standing such strategies in seeds to overcome such stress
and manipulation of pathways and biomolecules involved

TABLE 3 - The effects of total mass of seed bean (Phaseolus vulgaris) and concentration of Pb-acetate on accumulation of lead in seed coat

Seed fraction

Pb-acetate concentration

10°M 10°M 2 x10°M
Small 192.70+16.5* 767.50+32.5¢ 1139.00+43.0*
Medium 79.10+2.2° 406.10+23.2° 1115.00+38.5°
Large 74.98+1.9° 82.54+4.2¢ 1052.00+32.4°

TABLE 4 - The effects of total mass of seed bean (Phaseolus vulgaris) and concentration of Pb-acetate on accumulation of lead in seed endo-

sperm

Seed fraction

Pb-acetate concentration

10°M 10°M 2 x10°M
Small 0.16+0.05° 0.910.09° 580.60+21.30°
Medium 0.22+0.08° 5.50+0.18* 290.20+14.05°
Large 0.00+0.00° 0.00+0.00¢ 79.45+2.30¢

TABLE 5 - The effects of total mass of seed bean (Phaseolus vulgaris) and concentration of Pb-acetate on accumulation of lead in seed embryo

Seed fraction

Pb-acetate concentration

10°M 10°M 2 x10°M
Small 16.20+1.10° 110.60+3.50* 545.50+24.30°
Medium 5.33+£0.30° 21.70+0.90° 442.60+19.50°
Large 2.80+0.09° 20.52+0.84° 345.80+14.70°
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will lead to better agricultural produce despite heavy metal
toxicity from contaminated soil. The amount of required
seed for sowing to achive the best uniformity and complete
land coverage depends, to a great extent, on the type of
metal pollutant in germination medium or in irrigation wa-
ter as well as on the their concentrations around the seed.
In conclusion, it can be said that metal salt stress can
act on seeds in two ways; first by the prevention of water
uptake by seeds and second, by providing conditions for
the entry of metal ions that may be toxic to the embryo.

4. CONCLUSION

Increasing concentrations of lead inhibited seed germi-
nation and early growth of carrot and lettuce seedlings.
Ethylenediaminetetraacetic acid (EDTA) as a chelator re-
duces the toxicity of lead. The seed coat accumulated sig-
nificant amounts of Pb and represents a protecting layer for
the seed embryo. A greater surface area to volume ratio in
small seeds permits them to have access to a greater
amount of lead than larger seeds, which means they will
accumulate more lead. Based on the obtained results, it can
be concluded that bean (especially large seeds) is charac-
terized by significant tolerance to Pb contamination during
seed germination and growth of seedlings.
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