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ELATONIN (N-acetyl-5-methoxytryptamine) is receiving a considerable interest due to

its prospected role in alleviating the heavy metals stress in plants. Thus a step toward the
profitable use of melatonin (ME) in agriculture, the present study investigated the exogenous
application of ME in Eurica vesicaria grown in contaminated soil amended with lead nitrate
Pb(NO,), to produce Pb levels of 350mg/kg. Melatonin was applied by two methods: priming
of seeds for 12hrs [0.0uM (P ); 25uM (P)) and 50uM (P,)] and by foliar spray at seedling
foliage [0.0uM (F); 25uM (F,) and 50uM (F)].

Rocket plants affected by Pb toxicity exhibited significant reduction in the growth
characteristics (fresh and dry weights of shoot and root, and leaf area/plant), photosynthetic
pigments (chlorophyll a, chlorophyll b and carotenoids), photosynthetic activity (**CO,-
assimilation), and photosynthetic enzymes (phosphoenolpyruvate carboxylase and ribulose-
1,5-bisphosphate-carboxylase/oxygenase). Meanwhile, exogenous application of ME appeared
to ameliorate toxic effects of lead by improving the above criteria as compared to the control
or Pb treated plants. These results showed that ME can promote the growth of Eurica vesicaria
growing in Pb-contaminated soil by stimulating the photosynthetic activity, and the foliar spray

method is the optimum at a dose of ME (50uM).
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Introduction

Rocket (Eruca vesicaria), belongs to
Brassicaceae and its leaves are regarded as
an excellent nutritive source of minerals and
vitamins. Crops with such promising potential
require much research for improving production,
quantity and quality especially that grown in
contaminated soil (Moussa, 2006). Melatonin
(N-acetyl-5-methoxytryptamine) is a naturally
occurring compound present in roots, leaves,
fruit, and seed of a large number of plant species
(Dubbels et al., 1995). Melatonin has a role in
regulation of plant growth and development
(Arnao, 2014). It has been demonstrated that
melatonin has the ability to alleviate effects of
abiotic stresses such as low temperature, heavy
metals stress, and suboptimal light conditions
during seed germination (Tiryaki & Keles, 2012;

Moussa & El-Gamal, 2017).

Melatonin may possess some auxin-like
effects (Kolar & Machackova, 2005) and
act as a regulatory molecule in plants (Van
Tassel et al., 2001). It effectively reduces
reactive oxygen species (ROS) accumulation
and alleviates oxidative stress (Galano et al.,
2013). It is amphiphilic, this property enabling
it to easily cross cell membranes (Reiter et al.,
2013). Melatonin may have a role in regulating
flowering, photosynthesis, chlorophyll synthesis
(Tan et al., 2012; Moussa & El-Gamal, 2017),
callus formation and root regeneration (Zhang et
al., 2013; Zhang et al., 2014), and senescence in
leaves, where it has been reported that melatonin
delays senescence (Wang et al., 2011; Wang et
al., 2013).
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Lead is non-essential nutrient without any
biological benefits, however it is extremely
common contaminantin the environment (Moussa
& El-Gamal, 2017). Pb is a very malleable, heavy
and non-corrosive metal (Csuros, 1994). Pb
toxicity has been reported to inhibit the growth of
various plant species (Liu et al., 2008; Zhou et al.,
2010). It exerts adverse effects on morphology,
growth and photosynthetic processes. It
also causes inhibition of enzyme activities,
water imbalance, perturbation of membrane
permeability and disturbance of mineral nutrition
(Maestri et al.,, 2010). Many authors reported
that Pb toxicity is known to cause oxidative cell
damage by generating reactive oxygen species
(Gréman et al., 2003; Sharma & Dubey, 2005;
Islam et al., 2011).

The Goal of this study is to assess the capability
of melatonin to alleviate the phytotoxicity of lead,
on the growth, the activities of carboxylating
enzymes and photosynthetic activity ("*CO,-
fixation) of Eurica vesicaria plants.

Materials and Methods

Seeds of Rocket (Eruca vesicaria subsp.
sativa), cv. Baladi, were obtained from the Crop
Institute, Agriculture Research Center, Ministry
of Agriculture and Land Reclamation, Giza,
Egypt. The soil was collected, dried, crushed and
sieved through 2mm sieve. Some soil samples
were filled in standard plastic pots (40cm high
x 35cm diameter), each filled with 10 kg heavy
clay soil and all pots received 60, 50 and 40mg/
kg N, P,O, and K,O as urea, super phosphate and
potassium sulphate, respectively. To simulate soil
pollution, the soil was amended with lead nitrate
Pb(NO,), to produce Pb levels of 350mg/kg. The
soil was watered to field capacity and incubated
in green house for 10 days to allow the soil
chemical reactions to equilibrate.

Seeds were surface sterilized in 0.1% (w/v)
sodium dodecyl sulphate solution and then
thoroughly rinsed with sterile deionized water.
The seeds were then primed by soaking overnight
(12hrs) in either distilled water or the different
concentrations of freshly prepared melatonin
solution [0.0uM (P), 25uM (P,) and 50uM (P,)].

Seeds were sown in the soil. Plants were
grown in a controlled environment growth
chamber with 15hrs photoperiod; 65%—75%
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relative humidity; and at 22 and 20°C day and
night temperatures, respectively. Photosynthetic
photon flux density at maximum plant height was
about 440umolm s,

When the plants were at the stage of 2 to 3 true
leaves after 13 days, freshly prepared melatonin
solutions with different concentrations [0.0uM
(F), 25uM (F)) and 50uM (F,)] was added to
Tween 20 to fix the solutions to the leaf surface.
Water spray treatment was taken as a control. The
solutions were sprayed once in the morning every
day using a manual pump for one week.

Cultural practices, such as weed control and
irrigation, were performed as needed. The pots
were rinsed with water once a week to avoid
salt accumulation. The experimental design was
randomized complete block design with three
replicates.

The plants were sampled at 30 days after
sowing to assess their growth characteristics
(shoot fresh and dry weights, root fresh and dry
weights, and leaf area). The dry weight (DW) was
measured after the shoots and roots were dried
at 60°C to constant weight. The leaf area was
measured with the help of portable area meter,
LI-COR, Model LI-3000, USA.

All  measurements and  physiological
determinations were carried out at the harvest
stage (30 days after sowing), photosynthetic
pigments (Chl. a, and Chl. ) and carotenoids
were estimated using the method of Moran
(1982); photosynthetic activity (**CO,-fixation)
was measured in the Radioisotope Department,
Atomic Energy Authority, Cairo, Egypt, according
to Moussa (2008); the activities of carboxylating
enzymes ribulose-1,5-bisphosphate-carboxylase/
oxygenase content (RuBPCase, EC 4.1.1.39)
was determined following Warren et al. (2000).
Phosphoenol pyruvate carboxylase (PEPC, EC
4.1.1.31) was measured using the method adopted
by Canovas & Kornberg (1969).

Statistical analysis

All data were statistically described in terms of
mean =+ standard deviation, frequencies or median,
range and percentages. Comparison between the
study groups was done by the usage of student
t-test for independent samples in comparing 2
groups. Correlation between different variables
was done by using Pearson moment correlation
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equation for linear relation. P values less than 0.05
was taken in the consideration as a statistically
significant. All the calculations were determined
using computer programs Statistical Package for
the Social Science; SPSS Inc., Chicago, IL, USA
(SPSS) version 15.0 (Norusis, 20006).

Results

Rocket (Eruca vesicaria) plants cultivated in
soil contaminated with 350mg Pb/kg, showed a
significant decrease in the growth characteristics
(shoot fresh and dry weights, root fresh and dry
weights and leaf area plant™), as compared to the
control as shown in Table 1. However, the plants
treated with melatonin applied by two methods,
seed priming and foliar spray, significantly
increased these parameters as compared to the
control and plants grown in soil contaminated
with 350mg Pb/kg). Also, the maximum values
were obtained by the foliar treatments of rocket
plants at a dose of melatonin 50uM.

Plants grown in soil polluted with 350mg pb/
kg significantly declined the level of chlorophyll
(Chl. a,and Chl. b) carotenoids and photosynthetic

activity (**CO,-assimilation); as compared to the
control (Table 2).

However, the plants treated with melatonin
applied either by priming or soaking significantly
enhanced these parameters as compared to the
control and Pb stresed plants. Also, the maximum
values were obtained by the foliar treatments at a
dose of melatonin S0uM.

The activities of carboxylating enzymes
(phosphoenol pyruvate carboxylase (PEPC,
EC 4.1.1.31) and ribulosel,5-bisphosphate
carboxylase (RuBPC, EC 4.1.1.39); decreased to
significant level in rocket plants cultivated in soil
contaminated with 350mg pb/kg as compared to
the control as represented in Table 3.

Meanwhile, the plants primed or sprayed
with melatonin significantly increased these
parameters as compared to the control plants and
plants grown in soil contaminated with 350mg
Pb/kg. Whereas, the most favorable results were
recorded by the foliar treatments of rocket plants
at a dose of melatonin 50uM as shown in Table 3.

TABLE 1. Changes in some growth characteristics (shoot and root fresh and dry weights and leaf area/plant) of
Eruca vesicaria grown for 30 days in soil contaminated with lead with and without melatonin applied

as priming or foliar spraying.

Lead Priming ME Foliar ME
Parameters (350 mg/

ke') P, P, P, F, F, F,
Shoot fresh weight L, 389 +3.8¢ 552+11° 924+27.7° 385+£3.8° 613+12.2° 1150+34.5°
plant™!
(mg) L, 21042.1¢ 313+6.2° 617+18.5° 21242.1¢ 408+8.1° 726+£21.7%
Shoot dry weight L, 5.0£0.05¢ 6.3+0.12° 11.4£0.34*  5.240.05° 8.2+0.16° 15.4+0.46°
plant!
(mg) L, 2.8+0.02¢ 5.0+0.10° 6.1+0.18° 2.9+0.02¢ 6.3+0.12° 8.5+0.25°
Root fresh weight L, 112+1.12¢  208+4.16° 367£11° 115+1.15¢ 285+5.7° 4004122
plant!
(mg) L, 86+0.86°¢ 100£2° 227+6.81° 88+0.88¢ 112+2.24° 317+£9.51°
Root dry weight L, 2.0£0.02¢  2.3+0.04° 2.9+0.08° 2.2+0.02¢ 2.6+0.05° 3.5+0.10°
plant’!
(mg) L, 0.88+0.08°  1.84+0.03> 2.33+0.06° 0.90+0.09¢  2.34+0.04° 2.96+0.08*
Leaf area plant” L, 070£0.07° 131£0.02° 221+0.06° 0.77+0.07 182+0.03°  2.91:0.08*
(em?) L 0.49£0.04°  0.99+0.01°  1.90£0.05* 0.51+0.05°  1.31+0.02°  2.42+0.07*

-ME: Melatonin, where lead concentration (L)) 0.0 and (L) 350mg/kg; (P ) 0.0, (P,) 25 and (P,) 50uM of priming melatonin solutions;
(F,) 0.0, (F)) 25 and (F,) 50uM of foliar melatonin solutions.

- Data are means of three replicates.

- Values in a row followed by the same letter are not significantly different, P< 0.05, Tukey’s test.
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TABLE 2. Changes in photosynthetic pigments (chlorophyll a, chlorophyll » and carotenoids) and photosynthetic
activity (“*CO,-fixation).) of rocket plants grown for 30 days in soil contaminated with lead with and
without melatonin applied as priming or foliar spraying.

Lead Priming ME Foliar ME
(350
Parameters /
mg] Po Pl Pz F(] Fl Fz
kg™
Chlorophyll (@) L,  1.2840.02¢ 1.53+0.06" 2.11+0.12* 1.25+0.02¢ 2.08+0.08" 2.92+0.17*
(mg-g"'FW) L, 077#0.01° 1.08+0.04> 1.96+0.11° 0.75+0.01¢ 1.58+0.06" 2.55+0.15°
Chlorophyll (b) L, 0.55£0.01¢  0.894+0.03° 1.32+0.07* 0.61+0.01¢ 1.32+0.05* 1.87+0.11a
(mg-g'FW) L, 0.23+0.04 0.50+0.02° 0.87+0.05* 0.26+0.05° 0.78+0.03° 1.15+0.06*
1
Total Chlorophyll (a-+) L,  1.83#0.03° 2.42+0.09" 3.43+0.2* 1.86+0.03° 3.40+0.13° 4.79+0.28
(mg-g'FW) L, 1.00£0.02° 1.58+0.06" 2.83+0.16* 1.01+0.02° 2.36+0.09°  3.70+0.2°
Carotenoids L,  0.7940.01° 1.40+0.05° 2.41+0.14* 0.82+0.01¢ 1.85+0.07° 2.87+0.17*
(mg-g'FW) L, 051+0.01° 1.09+0.04> 2.08+0.12* 0.48+0.09° 132+0.05° 2.46+0.14°
Photosynthetic L, 16603 22.8£0.9" 28.4£1.7° 162403  25.7+1°  36.8+2.2°
activi
Y L 9.740.19°  18.8+0.75" 23.24¢1.3*  9.5£19°  18.3+0.73"  29.3+1.7*

(KiloBecquerel-mg 'FW),

-ME: Melatonin, where lead concentration (L) 0.0 and (L)) 350mg/kg; (P,) 0.0, (P ) 25 and (P,) S0uM of priming melatonin solutions;
(F,) 0.0, (F)) 25 and (F,) 50uM of foliar melatonin solutions.

- Data are means of three replicates.

- Values in a row followed by the same letter are not significantly different, P< 0.05, Tukey’s test.

TABLE 3. Changes in photosynthetic enzymes (ribulose-1,5-bisphosphate-carboxylase/oxygenase (RuBPCase) and
phosphoenolpyruvate carboxylase (PEPCase) of rocket plants grown for 30 days in soil contaminated
with lead with and without melatonin applied as priming or foliar spraying.

Lead Priming ME Foliar ME
Parameters (350 mg/

kg™ P, P, P, F, F, F,
RuBPCase L, 53.80.53+°  61.41.2+>  6581.9+" 54.0+0.54° 68913+  77.82.3+
(mg-g' FW) L, 417041+ 43.70.87+#>  50.1+1.5* 419041+ 453+0.9°  58.21.7+°
PEPCase L, 16.80.16+°  17.940.35*  20.00.6+* 16.9+0.16° 18.80.37+"> 23.1+0.69"
(umol CO, min™!

L 11.30.11x°  13.70.27+>  14.7+0.44* 11.5+0.11¢ 15.20.3=> 17.9+0.53°

mg ! protein)

-ME: Melatonin, where lead concentration (L) 0.0 and (L)) 350mg/kg; (P,) 0.0, (P ) 25 and (P,) S0uM of priming melatonin solutions;

(F,) 0.0, (F)) 25 and (F,) 50uM of foliar melatonin solutions.
- Data are means of three replicates.

- Values in a row followed by the same letter are not significantly different, P< 0.05, Tukey’s test.

Discussion

Pb toxicity has been reported to inhibit the
growth of various plant species (Liu et al., 2008;
Zhou et al., 2010). Such findings agreed with our
results which showed that Pb treatment decreased
the growth parameters, the content of chlorophylls
(a and b), carotenoids and photosynthetic activity
("*CO,-fixation) as compared with the control.
Photosynthesis is one of the most Pb sensitive
plant processes and it is harmfully affected by Pb
toxicity (Gréman et al., 2003; Sharma & Dubey,
2005; Farahat & Linderholm, 2015; Malar et al.,
2014).
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This reduction in growth could be attributed
to interference of absorbed Pb with metabolic and
biochemical processes associated with normal
growth and development of the plants (Hegazi et
al., 2010; Piyanast et al., 2014). A considerable
decrease in dry weights of plant parts is observed
under Pb treatment (Kosobrukhov, 2004).

Additionally, one of the most frequently
mentioned functions of melatonin is considered
to be an antioxidant for protection against heavy
metal stress (Tan et al., 2007; Posmyk et al., 2008).
The present results agreed with those of Fleta-
Soriano et al. (2017) who stated that melatonin
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also enhanced chlorophyll content in tomato.
Melatonin has an important role in preservation
of chlorophyll, efficiency of photosynthesis,
and improvement of crop production (Tan et
al., 2012). Moussa & El-Gamal (2017) reported
that treatment with melatonin in spinach plants
under stress helped preserved chlorophyll, growth
characteristics and promoted photosynthesis due
to increasing antioxidant enzyme activities and
antioxidant contents and inhibiting production of
reactive oxygen species. Arnao & Hernandez-Ruiz
(2009) stated that melatonin lowered chlorophyll
degradation and slowed the senescence process.
Beneficial effects of melatonin may result from
its signaling function, through induction of
metabolic pathways and stimulation of production
of substances preferably operating under stress
(Moussa & El-Gamal, 2017; Manzer et al., 2019).
Our results showed the potential of melatonin for
improvement of growth and seed production in
different crops (Wei et al., 2015). Tan et al. (2012)
concluded that a primary function of melatonin in
plants is to serve as the first line of defense against
internal and environmental oxidative stressors.

Pb toxicity has been reported to inhibit the
photosynthetic enzymes involved in the first step
of carbon assimilation (ribulose-1,5-bisphosphate-
carboxylase/oxygenase and phosphoenolpyruvate
carboxylase (Arena et al., 2017). Melatonin
increased rubisco in slat stressed tomato (Manzer
etal., 2019). Also, Agnieszka et al., 2018 reported
that melatonin increased phosphoenolpyruvate
carboxylase probably by activates alternative
pathway of sugar synthesis.

Conclusion

Therefore, it can be concluded that Pb-induced
toxicity particularly in the photosynthetic
machinery has been overcome with the exogenous
application of melatonin that manifested here by
enhanced growth parameters, '*CO,-assimilation,
photosynthetic pigments and enzymes.
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