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Abstract

Copper has many metabolic functions in the plants. However, it can be toxic to plants where it reaches the excess level. The
aim of the present study was to evaluate the role of nitric oxide treatments on lettuce seed germination under copper stress.
Thus a factorial laboratory experiment with a completely randomized design was carried out at the Ataturk University.
Treatments include different doses of copper (0, 50, 100, 150 and 200 pM of copper sulfate) and nitric oxide (0, 50, 100, 150,
200 and 300 uM of sodium nitroprusside). The results of this study monitored that high concentration of copper (100, 200
and 300 pM) had a significant effect on the germination percentage, germination rate, mean period of ultimate germination,
seed vigor index, seedling fresh weight and allometry coefficient, although the nitric oxide treatment (without copper) had not
a significant effect on the seeds in comparing to the untreated ones. Copper treatment decreased the investigated parameters,
but the simultaneous application of nitric oxide and copper had a positive impact. The results of this study suggested that
nitric oxide treatments have been beneficial upon the seeds that treated with copper, but not upon the seeds that treated with
water. In addition, the lower concentration of copper (50 pM) had a positive effect on the seed vigor index.

Keywords: copper sulfate, lettuce, seed germination, sodium nitroprusside
Abbreviations: Allometric Cocfficient (AC); Mean Period of Ultimate Germination (MPUG); Seed Germination Percentage
(SGP); Seed Germination Rate (SGR); Seed Vigor Index (SVI); Seedling Fresh Weight (SFW); Sodium nitroprusside (SNP)

Introduction

Copper is a micronutrient element and is the
requirement for all higher plants (Berglund ez 4/., 2000;
Pitsikka ez al., 2002). It has many metabolic functions in
plants and it is toxic when its concentration exceeded the
minimum level in soil (Berglund ez 4/, 2000). Copper in
large quantities enters into the environment in several ways,
including sewage sludge, mining, smelting, industrial
activities and the extensive use of pesticides (Alaoui-Sossé et
al., 2004). The highest concentration of copper is a
permanent contaminant for the environment (Sheldon and
Menzies, 2005). Its toxicity varies upon the type of plant
and its critical concentration. For most of the plant species,
the critical level of copper toxicity in the leaves is more than
20- 30 pg/dw (Chaignon and Hinsinger, 2003; Alaoui-
Sossé et al., 2004).

Nitric oxide can induce a variety of activities such as
regulatory, signalling and protection roles in plant cells
(Beligni and Lamattina, 2001; Zhang ez a/., 2006) and it is a
neutral lipophilic gas molecule and a reactive nitrogen
species (Beligni and Lamattina, 2001). The nitric oxide
chemistry refers to the interaction effect of the three redox
type e.g. NO, NO* and NO. NO is highly susceptible to
oxidation and reduction (Graziano and Lamattina, 2005).
Nitric oxide is produced by the enzymatic and non-
enzymatic process in plants (Floryszak-Wieczorek ez al.,
2006). Sodium nitroprusside is a compound containing
nitric oxide and its solution is sensitive to light. High
temperature and oxygen can accelerate its degradation
(Floryszak-Wieczorek ez al., 2006).

The plants performances depend on the environmental
condition and their response to stress is complex (Shams ez
al., 2016a; Shams ez al., 2016b). Nitric oxide production
could be find in various parts of plants under stress
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conditions. Its protective or toxicity role in plants depends
upon its concentration, transmission and performance. It
stimulates seed germination and cell division and enhances
chlorophyll content by reacting with reactive oxygen species
(Beligni and Lamattina, 2001).

The current scientific literature demonstrates that nitric
oxide usage is one-way to ameliorate the plant’s tolerance
upon stress conditions. Therefore, the purposes of this study
were to evaluate the effects of NO on seed germination
percentage, seed germination rate, mean period of ultimate
germination, seed vigor index, seedling fresh weight and
allometric coefficient of lettuce seeds that subjected to
copper stress.

Materials and Methods

Plant material and experiment design

To evaluate the effect of copper and nitric oxide on the
seed germination and seedling development of lettuce, a
factorial experiment in a completely randomized design was
carried out in the Agriculture Faculty of Atatiirk University
in 2015. Lettuce (Lactuca sativa L. var. longifolia ‘Yedikule’)

was used as plant material.

Nitric Oxide treatments

One percent sodium hypochlorite was used for seed
disinfection about two minutes, and then seeds were washed
with distilled water immediately. Seeds were soaked in
different SNP (sodium nitroprusside) solutions (0, 50, 100,
200, 250 and 300 pM) for 24 hours in a germinator with a
temperature of 23+2 °C. Treated seeds were dried on the
papers under room temperature. Fifty disinfected seeds
treated with NO were germinated in 2 folds of Whatman
No. 1 filter paper (sterilized) which were placed in Petri
dishes (15 cm diameter). Each dish was moistened with 10
ml of distilled water or one of the CuSQjs solutions of 0, S0,
100, 200, 250 and 300 pM.

Investigated parameters

Germinated seeds were counted daily. A 2-mm radicle
was considered as seed germination and evaluation ended
when the number of germinated seeds did not differ in two
consecutive counts. The length of radicle and plumule was

measured at the end of the germination counting day. SGP,
SGR, MPUG, SVI, SFW and AC were calculated according
the Table 1 (Ranal and Santana, 2006; Rezaei ez /., 2008;
Biradar ez 4/.,2010).

Statistical analysis

Data analysis was performed by SPSS15 software and
mean comparisons were done by Duncan’s Multiple Range
Testata 5 % significance level.

Results and Discussion

Seed Germination Percentage (SGP), Seed Germination
Rate (SGR), Mean Period of Ultimate Germination (MPUG)

The statistical results showed that the copper
concentrations had a significant effect on SGP, SGR and
MPUG at P<0.05. The high concentration of copper
increased the MPUG (Fig. 1) and it can be due to its
toxicity effect. Higher value of MPUG is not a good
parameter for farming because by increasing the mean
period of seed germination, seedling will be weak. Copper
treatment (200 uM of copper sulfate) decreased SGP 30%
in comparison to the untreated one (Fig. 2). Decreasing in
SGP and increasing in MPUG by copper are related to the
drastic effect of heavy metals in germination of seeds to the
decrease of the activity of a and B amylases, which
compromises respiration, making prevention of the growth
of the embryonic axis and the radicle. In addition, the
phytotoxic effect of copper elevates a disturbance in the cell
development and differentiation, gives rise to abnormal
seedlings and reduces the percentage of normal seedlings in
germination (Liu ¢# 4l., 2016; Pires ez al., 2016).

In addition, inhibition of seed germinating could be
related to reduction in osmotic potential of the germination
medium, particularly in the attendance of a high
concentration of Cu (Ahsan ez al, 2007), and it causes
water absorption by grain rather difficult. In this regard, our
results confirm to those of Siddiqui ez 4/. (2009) on pea and
Kuriakose and Prasad (2008) on sorghum seeds. In contrary
to our results Wierzbicka and Obidziniska (1998) reported
that higher metal concentration could not affect SGR and
SGP, they stated that seed coats of different species were not
permeable to heavy metals. The following imbibition, in 25

Table 1. Definition and formula related to the variables related to seed germination used in this research

Variable Formula References
SGP Germination percentage GP = N % 100 (Rezaci et al., 2008)
N1
d .
SGR Germination rate GR = E (Ranal and Santana, 2006)
o Di
d R
. . o Ei=1 NiDi
MPUG  Mean Period of Ultimate Germination MPIIG = T (Ranal and Santana, 2006)
SVI Seed vigor index SVI = UG x Mecan(RL + PL) (Birader ez al,,2010)
RL
AC Allometric Coefficient AC = E (Ranal and Santana, 2006)

N (The number of germinated seeds), N1(Number of seeds used), D (The number of days after germination), SFW (Seedling fresh weight), , RL (Radicle length), PL

(Plumule length), UG (Ultimate germination)
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plant species under lead (Pb) monitored that seeds avoid the
over-accumulation of a pollutant in the germinating by seed
coat impermeability character, so they conclude that non-
significance of heavy metals effect on seed germination
could be due to seed coat impermeability character (Kalai et
al, 2014). However, our results revealed that high
concentration of copper decreased SGR and SGP value. It
means that response to heavy metals varies upon different
species or genotypes.

The different doses of SNP did not affect the
investigated parameters in seeds treated with water (without
copper sulfate) (Figs. 1, 2 and 3). However, the application
of SNP reversed the damages caused by copper, in this
regard the simultaneous application of SNP (200 uM) and
copper (100 uM) had highest impact on the SGR and SGP
in comparing the seeds that treated by 100 uM of copper
sulfate without SNP (Figs. 2 and 3). Simultanecous
application of SNP (200 uM) and copper (100 uM) also
decreased MPUG value in comparing the seeds that treated
by 100 uM of copper sulfate without SNP (Fig 1.). Our
results are contrary to those of Kopyra and Gwézdz (2003)
who reported that nitric oxide only had a stimulating effect
on germination of lupine seeds under normal conditions. In
the other hand, our results reflect to the findings of Hu ez 4.
(2007) and Kopyra and Gwozdz (2003) who reported the
role of nitric oxide on increasing the SGP of wheat and
lupine under copper and salt stress, respectively. Our results
reflect to the those of Pires ez al. (2016) who showed the
effect of nitric oxide on sesame seeds germination under
cadmium stress.

The results of this study revealed that the usage of SNP
as a NO donor improved seed germination, probably due to
its adjustment capacity or abolition of reactive oxygen
species, decreasing the oxidative stress and ameliorating
germination slightly. It is clear that the role of SNP is
effective in increase of seed germination, but it is not
impressive before the copper treatment.
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Fig. 1. The effect of SNP (0, 50, 100, 150, 200 and 300 uM of
sodium nitroprusside) and Copper (0, 50, 100, 200 and 300
uM of copper sulfate) levels on mean period of ultimate
germination (MPUG). Data followed by a different letter were
significantly different (P< 0.05) according to the Duncan
Multiple Range Test. Vertical bars represent the standard
deviation
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Fig, 2. The effect of SNP (0, 50, 100, 150, 200 and 300 uM of
sodium nitroprusside) and Copper (0, 50, 100, 200 and 300
uM of copper sulfate) levels on seed germination percentage
(SGP). Data followed by a different letter were significantly
different (P< 0.05) according to the Duncan Multiple Range
Test. Vertical bars represent the standard deviation
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Fig, 3. The effect of SNP (0, 50, 100, 150, 200 and 300 uM of
sodium nitroprusside) and Copper (0, 50, 100, 200 and 300
uM of copper sulfate) levels on seed germination rate (SGR).
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Data followed by a different letter were significantly different
(P< 0.05) according to the Duncan Multiple Range Test.
Vertical bars represent the standard deviation

Seed vigor index (SVI)

As shown in Fig, 4, the results of this study monitored
that copper had a significant effect on SVL. The high
concentration of copper decreased SVI in comparison to the
untreated one, but the low concentration of copper (50
uM) had a positive impact on the SVI (Fig. 4). Copper (50
uM) increased the SVI 7% in comparison to the untreated
one. Decreasing in SVI value donated the radicle and
plumule length, and SGP declined by increasing in the
copper concentration. Nitric oxide (150 uM of SNP) had a
positive effect on the SVI and increased it 11% in
comparison to the untreated one (Fig. 4).

High copper levels decreased SVI compared to the
control, but the simultaneous application of copper (100
uM) and nitric oxide (150 uM) increased the SVI 19 % in
comparison to the plants treated by 100 uM of copper (Fig.

4). It means nitric oxide can reduce toxicity of copper.
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As shown in the Table 1, SVI equal is calculated by

multiply of ultimate germination in the sum of radicle and
plumule length. So decreasing in the SVI is resulting from
reduction in the radicle and plumule length. As we know,
the smallest mechanic resistant point of germinated seed is
radicle and it is the first region to be in contact with the
solution, being one of the main entryways of toxic metals.
Radicle is the first organ that suffers from toxicity damages
under presence of heavy metals in the germinating medium.
It is the first organ to suffer injuries due to heavy metals, and
the other organs are harmed after the transportation of
these metals.
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Fig. 4. The effect of SNP (0, 50, 100, 150, 200 and 300 uM of
sodium nitroprusside) and Copper (0, 50, 100, 200 and 300
eM of copper sulfate) levels on seed vigor index (SVI). Data
followed by a different letter were significantly different (P<
0.05) according to the Duncan Multiple Range Test. Vertical
bars represent the standard deviation

A significant reduction in SVI was seen when the seeds
were treated with a high copper concentration in
comparison to the seeds that treated with water (Fig. 4).
However, the treatment of SNP alleviates the negative effect
of copper toxicity, our findings confirm to those of Kopyra
and Gwézdz (2003). They found that SNP decreased the
adverse effect of lead, cadmium, sodium chloride and
ethylene on root growth.

The increasing in SVI by low concentration of copper
(50 uM) could be due to copper activation role in a-amylase
pathway production. In this regard, some studies on barley
(Kalai ez 4l., 2014), rice (He et al., 2008) and sorghum
(Kuriakose and Prasad, 2008) described that heavy metals
can affect the a-amylase production in seed germination
stage.

Seedling fresh weight (SFW)

The results of this study revealed that copper and nitric
oxide had a significant effect on the fresh weight of lettuce
seedling. By increasing copper concentration, fresh weight
of lettuce seedling was decreased (Fig. 5). Copper treatment
(100 uM) decreased SFW 7% in comparison to the
untreated one, but simultaneous application of copper (100
uM) and nitric oxide (150 ny increased it 12% in
comparison to the plants that treated by 100 uM of copper
(Fig. 5). Our findings confirm other rescarchers reports in

which showed the adverse effect of copper on fresh and dry
weight of root and stem of corn (Chaffai ¢# 4/, 2005) and
garden cress (Raeisi ¢z al., 2009). Different treatments of
nitric oxide had a positive effect on SFW. Nitric oxide
treatment (150, 200 and 300 uM of SNP) had a highest
effect in comparison to the plants treated by 0 uM of nitric
oxide (Fig. 5).

The negative effect of copper on SFW (Fig, 5) could be
related to the harmful effects of copper on plant
physiological processes (Yruela, 2005). Copper toxicity also
can decrease the root hair number and cell proliferation (EI-
Tayeb ez al., 2006). El-Tayeb et al. (2006) revealed that root
growth of sunflower decreased and apical dominance
disappeared due to root meristem cell death in higher
copper stress; subsequently to maintain the survival of
plants and absorb water and nutrients, the secondary root
number increased, the similarity of that we found in lettuce.
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Fig. 5. The effect of SNP (0, 50, 100, 150, 200 and 300 uM of
sodium nitroprusside) and Copper (0, 50, 100, 200 and 300
uM of copper sulfate) levels on seedling fresh weight (SEW).
Data followed by a different letter were significantly different
(P< 0.05) according to the Duncan Multiple Range Test.
Vertical bars represent the standard deviation
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Fig. 6. The effect of SNP (0, 50, 100, 150, 200 and 300 uM of
sodium nitroprusside) and Copper (0, 50, 100, 200 and 300
uM of copper sulfate) levels on allometric coefficient (AC).
Data followed by a different letter were significantly different
(P< 0.05) according to the Duncan Multiple Range Test.

Vertical bars represent the standard deviation
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Allomerric coefficient (Radlicle length/Plumule length)

Heavy metals could reduce biological activity of plants
(County, 2006) and could decrease plant growth by
accumulation in plants root region (Pandey and Sharma,
2002). Heavy metals also could cause a decline in nutrient
clements absorbing such as nitrogen and phosphor (Pandey
and Sharma, 2002). Inaba and Takenaka (2005) showed
that low concentrations of the synthetic chelator’s
ethylenediamine tetra-acetic acid (EDTA) and diethyl-
enetriamine penta-acetic acid (DTPA) reduced the toxicity
and bioavailability of copper on lettuce sprouts.

The results of this study monitored that the copper and
nitric oxide had a significant effect on the AC value. The
high concentration of copper decreased AC (Fig. 6).
Copper (300 uM) had the highest negative effect on the AC
and decreased it 39% compared to control. The decreasing
in AC value means that radicle growth was lower than the
plumule growth, also it means that roots are more sensitive
to copper stress than the leaves. However, the simultaneous
treatment of nitric oxide (200 uM) and copper (200 uM)
increased it to 35% in comparison to the treated plants by
200 uM CuSOs (Fig. 6).

Nitric oxide (150 uM) treatment increased AC 16 % in
comparison to the untreated one (Fig. 6). Increasingin AC
value by 150 uM SNP means that nitric oxide has a positive
impact on plumule growth compared to radicle, because
AC is resulting from plumule length / radicle length.

Decreasing in AC by high concentration of copper
could be due to its toxicity on radicle and plumule. High
concentration of copper can produce reactive oxygen species
(ROS) within plant cells, ROS cause oxidative damage and
membrane lipid oxidation, thus resulting retard in growth
and plant development (Posmyk ez 4/, 2009). ROS can
reduce radicle and plumule cell division and also its high
concentration can disrupt the pathway of a-amylase and b-
amylase production (Kalai e 4/., 2014). The copper toxicity
was reduced by nitric oxide treatment, it could be due to
nitric oxide role in adjusting the copper oxidative damages
(Saxena and Shekhawat, 2013). Nitric oxide could also
depreciate the generation of hydrogen peroxide (H.O:) and
diminish heavy metal toxicity by raising anti- oxidative
capability (Wang and Yang, 2005) or by adjusting
hormonal equilibrium (He ez al, 2012). So, it can be
concluded that nitric oxide could mitigate the adverse effect
of copper on lettuce seedlings.

Conclusions

Copper toxicity can adversely affect lettuce germinating
seed and seedlings, but nitric oxide application could
decrease negative effect of copper toxicity. Nitric oxide just
can ameliorate seed germination and secedlings at low
concentration of copper in lettuce. Nitric oxide had not a
significant effect on seed germination of lettuce under non-
stress condition.
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