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Abstract. Seed germination is very sensitive to unfavourable environmental conditions. An important
factor of the environment, which inhibits most metabolic processes and, consequently, limits the growth
and productivity of plants, is the presence of heavy metals. This study was conducted to determine the
effects of the following heavy metals Cd, Cu, Ni, Pb, Co and Zn on germination and later, the growth of
lettuce (Lactuca sativa L.) and spinach (Spinacia oleracea L.) seedlings. The experiment was performed
using soluble salts of the metals mentioned above, that dissociate in water (Cd(NO3)2•4H2O,
Cu(NO3)2•3H2O, Ni(NO3)2•6H2O, Pb(CH3COO)2•3H2O, Co(NO3)2•6H2O, Zn(CH3COO)2•2H2O). Five
solutions with different concentrations were tested. Distilled water was used as control variant. The
experimental variants consist on mixtures of the six metals in quantities ranging from reference values to
values that exceeds intervention threshold for sensitive soils. Concentrations ranges as follows: Cd (3 to
20 ppm), Cu (20 to 200 ppm), Ni (25 to 200 ppm), Pb (30 to 150ppm), Co (20 to 100 ppm) and Zn (100 to
700 ppm). The abundance of this elements was chosen according to the values for trace chemical
elements in soil (Order 756/1997). For conducting the study, 20 cm outer diameter Petri dishes were
used, with 2 filter paper disks soaked in heavy metal solutions. Each repetition had a total of 25 seeds,
that was replicated 4 times, in the pot resulting in a total of 100 seeds per plant species. A total of 1200
seeds were used. Seed germination tests were performed in accordance to ISTA - International Seed
Testing Association (1999). A series of physiological indicators associated with germination and seedling
vigour were calculated. The dynamics of the germination was followed for 6 days for Lactuca sativa L.
and 10 days for Spinacia oleracea L., starting from the first day of germination. It has been observed
that the influence of heavy metals on the germination and early development of the seedlings is very
complex and determines a multitude of effects on many parameters, which in most situations do not have
a standard or predictable distribution.
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INTRODUCTION
Although heavy metals are naturally found in small quantities in all ecosystems, they
have become one of the major contaminants of plant and animal products. This is due to the
anthropic activities, which have increased soil pollution worldwide. Even agricultural practices
play a major role in the contamination of the environment, through the pesticides and fertilizers
used (LAMASTRA et al., 2018; IEEP, 2019). The reason why heavy metals are considered a real
risk is because they have a very high presence in the environment, over 1000 years, they have
teratogenic and carcinogenic effects and they are also bioaccumulated and bioamplified in
vegetal and animal organisms. (MANZETTI et al., 2014).
Heavy metals act differently in plant organs, generating multiple physiological,
morphological or biochemical responses. Depending on the specificity of the plant, these
responses may be more pronounced or less visible. These changes in plant behaviour have been
studied for different plants, finding that the absorption and accumulation of heavy metals in the
soil varies depending on the species, metal, concentration and organ of the plant (CU et al.,
2015; AMER et al., 2017; GARÓFALO CHAVES et al., 2011). Lettuce (Lactuca sativa L.) and
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spinach (Spinacia oleracea L.) are two versatile species that have been used in many
laboratory studies. The short vegetation period, the easy cultivation mode and the physiological
particularities of these species have facilitated the study of many mechanisms of toxicity
actions (BAGUR-GONZÁLEZ et al., 2010; ALIA et al., 2015). Even they are not considered
hyperaccumulator plants, spinach and salad have been used in phytoremediation or
bioremediation experiments, due to the short vegetation period and the fact that they
accumulate a significant amount of heavy metals (MUSA et al., 2017; ABHILASH et al., 2016).
Highlighting the effects of heavy metals in laboratory tests is a fast and efficient method for
phytotoxicity testing on germination and growth stages of seedlings. Also, it can be used as a
preliminary method for "in situ" use of plants for treating contaminated soils.
Germination, as an initial stage of the plant's life cycle, plays a major role in the
plant's life. The germination potential of the seeds is influenced by different external or internal
factors. Understanding these factors correlated with the biology of the species is necessary to
ensure conditions within the tolerance limits of the plant. From a physiological point of view, a
seed is considered to have germinated when the radicle has pierced the tegument, this stage
being followed by the growth process (DELIAN et al., 2010).
The metals existing in the ecological systems are available for absorption process by
plants in a certain proportion of the amount of metal existing in the soil, sediment, wateror
atmosphere. Plants can easily uptake metals that are dissolved in the soil solution, either in
ionic form, chelated or complexed (FAIRBROTHER et al., 2007). The main ways of uptaking the
metals by plants are root uptaking and, less, leaf uptaking. Root absorption is performed both
passively and actively. By the passive take-up path are absorbed Pb, Ni, and by the active takeup path are absorbed Cu, Mo, Zn. For Cd, there are assumptions that the transfer is made both
active and passive (TUAN AND POPOVA, 2013). There are many types of metals found in soils,
as micronutrients essential for normal growth (Fe, Mn, Zn, Cu, Mg, Mo and Ni, Co) and nonessential elements with unknown biological functions (Cd, Sb, Cr, Pb, Ace, Ag, Se and Hg).
This study aimed to observe the behavior of seeds and seedlings in the presence of increasing
concentrations of Zn, Cu, Ni, Co, Pb and Cd. The concentrations start from values close to the
reference values of Order 756, 1997, and gradually increase until they exceed Intervention
threshold for sensitive use of soils, established in the same order.
MATERIAL AND METHODS
The biological material was represented by the lettuce seeds (Lactuca sativa L.),
variety Attraction and spinach seeds (Spinacia oleracea L.), variety Matador. To establish the
effect of heavy metals on seed germination and seedling growth, six soluble salts were used:
Cd(NO3)2•4H2O, Cu(NO3)2•3H2O, Ni(NO3)2•6H2O, Pb(CH3COO)2•3H2O, Co(NO3)2•6H2O,
Zn(CH3COO)2•2H2O as soluble form of Cd, Cu, Ni, Pb, Co and Zn. Five mixtures were
prepared, with different concentration of each metal, resulting five variants of treatments,
denoted as C1, C2, C3, C4, C5 (Table 1). The concentrations were chosen to cover as much as
possible the whole interval, from reference value to values that exceeds intervention threshold
for sensitive use of soils, as described by Romanian regulation (Order 756/1997). Distilled
water was used as control variant (M). To carry out the study, glass Petri dishes with an
external diameter of 20 cm were used, containing 2 filter paper disks soaked in the heavy metal
solutions. The vessels were previously disinfected with a hydroalcoholic solution
(ethanol/distilled water 80/20). Each variant was replicated 4 times and each replicate counted
25 seeds. A total of 1200 seeds were used.
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Table 1
Variants of concentrations used in experiment, relative to regulation values (Order 756/1997) (ppm)
Variants
Metal
Ni
Cu
Cd
Zn
Pb
Co

M

C1

C2

C3

C4

C5

Reference
value in soils

0
0
0
0
0
0

25
20
3
100
30
20

75
60
5
300
50
30

100
100
10
450
75
50

150
150
15
600
100
75

200
200
20
700
150
100

20
20
1
100
20
15

Alert threshold
sensitive soils
75
100
3
300
50
30

Intervention
threshold
sensitive soils
150
200
5
600
100
50

The experimental scheme is presented in the table below (Table 2).
Table 2
Experimental scheme
Seed Number
Replicate
Variant
M
C1
C2
C3
C4
C5

Lettuce
R1

R2

Spinach
R3

R4

R1

R2

R3

25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
Total number of lettuce seeds: 600
Total number of spinach seeds: 600
Total number of seeds: 1200

R4
25
25
25
25
25
25

In the first 24 hours after seed placement, the vessels were kept in dark conditions,
afterwards being left in natural light at an average temperature of 21-22 C on daytime and 18-19 C
on night, until the end of the experiment.
A series of physiological indicators associated with germination and seedling growth were
calculated. Those are presented in the table 3.
Table 3
List of physiological indicators associated with germination and seedling vigor
Indicator
Germination
Final germination percentage

Unit

Formula

FGP (%)

(total number of germinated seeds
/ total number of planted seeds)
x100
Germination speed
GS
Sum (number of germinated
seeds on day ti / ti )
(not cumulated from one day to
another)
Germination speed modified
GSmod
GS/FGP*100
Maximum germination
PV
FGP / the number of days required
value („peak value”)
to
reach
the
maximum
germination value
Physiological indicators regarding the effects of toxicity on early seedling development
Seedling growth inhibition
SGI (%)
(Seedling length of control variant
- Seedling length of tested variant)
/ length of control variant x100
Final percentage of viable seedlings FPP (%)
(Number of viable seedlings at the
end of the experiment / total
number of seeds) x100
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Source
Ranal and Santana, 2006,
according to ISTA, 1999
Maguire, 1962

Evetts and Burnside, 1927
Czabator, 1962

Ali et al., 2015

Mangena et al., 2019
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RESULTS AND DISCUSSIONS
Germination dynamics of seeds
Regarding the germination dynamics, the results are shown in Figure 1. The seed
germination started on the second day after the seeds were placed in the Petri dishes, excepting
spinach seeds from C2 variant.

Figure 1. Germination dynamics of lettuce seeds (A) and spinach seeds (B)

Also, as can be seen in Figure 1, the number of germinated seeds is influenced by the
concentration levels. An interesting fact has been shown by C1variant for spinach (Figure 1A),
which has a better evolution than all variants, including the control. A reason for this evolution
can attributed to the low level of contamination that did not affect negatively the seeds, but on
the other hand, the low levels of beneficial elements helped to stimulate germination. The
difference between this variant and the others will be analyzed on the following indicators.
Final germination percentage
There were counted the seeds whose radicle reached a length of at least 2 mm. At this
time the seeds were considered germinated. Final germination percentage (FGP) is shown in
Figure 2.A and 2.B.
The maximum final germination percentage (FGP) for lettuce seeds was reported for
C2 treatment (99%), better than the control variant which reported a value of 98%. Yet, the
ANOVA unifactorial test (=0.05) showed that are no significant difference between control
variant (M) and C1, C2, C3 variants (p-value>0.05). C4 variant showed a significant difference
beside M variant (p-value=0,0311) and C5 showed a highly significant difference (p-value<
0,01) beside control variant (M) (Figure 2.A).
The maximum final germination percentage (FGP) for spinach seeds was reported for
C1 treatment (83%). The control variant reported a value of 69%. Using the ANOVA
unifactorial test (=0.05) showed that are no significant difference between control variant (M)
and C2, C3, C4 and C5 variants (p-value>0.05), but C1 variant showed a significant difference
beside M variant (p-value=0.7331) (Figure 2.B).
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Figure 2. Final germination percentage (FGP) of lettuce seeds (A) and spinach(B) (means±SE)

Germination speed and Germination speed modified
Germination speed can be used as an indicator to evaluate the seedlings vigour. High
values obtained using this expression mean higher seedling vigour of one sample. It can pe
observed in Figure 3.A that the speed of germination of lettuce has a descendent way,
according with the levels of contamination. Germination speed modified introduce a correction
to this factor, evaluating the values in concordance with final germination percentage. In this
way, the errors caused by non-germinated seeds are eliminated. In Figure 3.B it can be
observed that introducing that correction, the values of germination speed modified form are
improved.
Also, it can be observed that the C2 and C3 variant had lower values than the
extremity variants (M, C1, C4, C5).
For lettuce, from statistical view point (ANOVA test unifactorial test (=0.05)), there
were not registered significant differences for speed germination between control and lower
concentrations (C1, C2, C3), but there was a highly significant difference regarding high
concentrations (C4, C5).
For spinach, there was observed a significant difference for speed germination
between control and C1 variant, and no significant differences for control and the rest of the
variants (C2, C3, C4, C5).
Table 4
ANOVA P-value comparing control variant with each variant for germination speed modified formula
Variant
Lettuce
P-value
Spinach
P-value

M
A
A

C1
A
0,1464
B
0,0048

C2
A
0,7999
A
0,0221
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C3
A
0,0260
A
0,0373

C4
C
0,0004
A
0,1393

C5
C
0,0001
A
0,1812
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Figure 3. Germination speed of lettuce (A) and spinach (B) (means ±SE)

Maximum germination value
For all variants excepting spinach seeds from C2, germination started on the second
day after the seeds were placed in the Petri dishes. On lettuce experiment, the maximum
germination value was reported on C1 variant (49), followed by the control variant (36.83).
Running ANOVA test unifactorial test (=0.05), it is shown that there are significant
difference between control variant and C1. The same response was obtained between control
and C2 variant. The maximum germination value for C4 and C5 variants are lower, here is a
highly significant difference beside control. The lowest germination value was observed on C5
variant (13.83).
On spinach experiment, the maximum germination value was reported on C1 variant
as well (9.61), and the minimum value was observed on C3 variant (6,63). Yet, there are no
significant difference between control and any of other variants. (Figure 4).

Figure 4. Maximum germination value of lettuce (A) and spinach (B) (means ±SE)
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Seedling growth inhibition
At the end of the seed germination test, depending on the state of viability,
measurements for each variant and repetition were performed for 4 seedlings on seedling
length and radicle length. A comparison of evolution of seedlings under the six treatments, at
the final moment of the study is pointed out in the figure 5.A for lettuce seedlings and figure
5.B for spinach.

Figure 5. Seedling growth under heavy metal treatments. Lettuce (A) Spinach (B)

Considering that the control variant which was treated only with distilled water is not
inhibited at all (SGI index is 0 for control) is can be easily observed both from the figure 5 and
from the mean values of SGI index (table 5) that the inhibition process is emphasizing with the
level of contamination with heavy metals. For C5 variant, in both cases lettuce and spinach, the
growth inhibition exceeds 97%. Running ANOVA unifactorial test (=0.05) test over the SGI
index of all variants, the control is significantly different form all other variants, both for
lettuce and spinach (Figure 6).

Figure 6. Seedling growth inhibition for lettuce (A) and spinach (B) (means ±SE)
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Final percentage of viable seedlings
The number of viable seedlings was evaluated at the end of germination and was
considered to be complete when the seedlings no longer exhibited new symptoms of toxicity,
and their growth continued. It was noted that in the case of C5 variants, at the end of the
specific period, the viability of the seedlings was just 1%, for both lettuce and spinach
seedlings. ANOVA test reported that are no significant difference between control variant and
C1 variant (p>0.05), for both studied species. For lettuce, there are highly significant
differences between control and C2, C3, C4 and C5 variants. For spinach, there is a significant
difference between C2 and control, but also, highly significant differences between control and
C3, C4 and C5 variants (Figure 7).

Figure 7. Final percentage of viable seedlings of lettuce (A) and spinach (B) (means ±SE)

CONCLUSIONS
On germination:
Regarding the Final Germination Percent in uncontaminated environment, the lettuce
had a better result (98) than spinach (69%).
The results show that the final germination percent is not influenced in a significant
way at lower levels of contamination with heavy metals, but at high levels, the germination
decreases gradually. Also, at lower levels, the germination seems to be accelerated for both
lettuce and spinach seeds. At high concentration, the speed of germination is slower than the
control for lettuce seeds, but for spinach seed in seems to keep the same value as control
variant.
On early seedling development:
Regarding the growth inhibition, even a small quantity of heavy metals can induce the
inhibition. The growth of seedlings was significantly reduced from the first level of
contamination and this trend has been maintained to the maximum levels of contamination for
both species.
The final percentage of viable seedlings for lettuce decreased with the increase of
concentration of heavy metals. At lower concentrations the viability maintained the same
direction as the control variant, but at maximum levels the viability aims to 0%.
The spinach seedlings viability was higher at the first level of contamination than the
control variant, but not significantly. For the rest of the concentration, the viability followed
the same direction as the lettuce seedlings.
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