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SUMMARY

Melatonin is an environmentally friendly-molecule with a potent free radical scavenger and antioxidant capacity. Two pot experiments
were conducted during two successive winter seasons (2011/2012 and 2012/2013) at the wire-house of the National Research
Centre, Dokki, Cairo, Egypt to study the potentiality of melatonin (100 UM and 500 UM) in alleviating the harmful effect of diluted
seawater at a relatively low and high concentrations (3.85 dS/m and 7.69 dS/m, respectively) on the performance of faba bean
plants. The results revealed that irrigation of faba bean plants with diluted seawater reduced growth parameters (plant height,
leaves number/plant, fresh and dry weights of plant), relative water content (RWC), photosynthetic pigments (chlorophylls a, b and
carotenoids), indole acetic acid, total carbohydrate, K*,Ca*?, as well as the ratios of K'/Na* and Ca*?/Na’. This was accompanied
by significant increases in phenolic content, compatible solutes (total soluble carbohydrate, free amino acids, proline), Na* and
Cl relative to the control plants (untreated plants). On the other hand, melatonin treatments improved growth parameters, RWC,
photosynthetic pigments, total carbohydrate, total phenolic content, indole acetic acid, K*,Ca*? as well as K'/Na* and Ca'?/Na’
ratios, either in the plants irrigated with tap water or with diluted seawater, as compared with corresponding controls. Meanwhile,
melatonin treatments reduced the levels of compatible solutes, as well as Na* and ClI contents, relative to those of corresponding
controls. Salinity stress and/ or melatonin treatments induced the production of new protein bands that did not occur in the control
plants. Melatonin at 500 UM had a more pronounced effect in alleviating the adverse effects of the two salinity levels under study on
the performance of faba bean plants than 100 UM melatonin.

Keywords: indole acetic acid, legumes, minerals, N-acetyl-5-methoxytryptamine, protein patterns, seawater.

RESUMEN

La melatonina es una molécula ambientalmente amigable con una potente capacidad antioxidante y de trampa de radicales libres.
Dos experimentos en materas fueron realizados en dos inviernos consecutivos (2011/2012 y 2012/2013) en instalaciones del
Centro Nacional de Investigaciones, Dokki, Cairo, Egipto, para estudiar el potencial de la melatonina (100 UM and 500 uM) para
disminuir los efectos nocivos del agua de mar diluida a concentraciones relativamente bajas y altas (3,85 dS/m and 7,69 dS/m,
respectivamente). Los resultados mostraron que la irrigacién de plantas de haba con agua de mar diluida reduce los pardmetros
de crecimiento (altura de la planta, ndmero de hojas/planta, peso fresco y seco de la planta), el contenido relativo de agua (RWC),
los pigmentos fotosintéticos (clorofilas a, b y carotenoides), el acido indo lacético, los carbohidratos totales, K*, Ca*?, al igual
que las relaciones K'/Na* y Ca?"/Na’. Esto fue acompafiado por un incremento significativo en el contenido de fenoles, solutos
compatibles (carbohidratos solubles totales, aminodcidos libres, prolina), Na*y Cl- en comparacién con las plantas control (plantas
no tratadas). De otro lado, los tratamientos con melatonina mejoraron los pardmetros de crecimiento, RWC, los pigmentos
fotosintéticos, carbohidratos totales, contenido fendlico total, 4cido indo acético, K*,Ca*?al igual que las relaciones K'/Na*y Ca*?/
Na*, tanto en las plantas irrigadas con agua dulce de |a llave como en las irrigadas con agua de mar diluida en comparacién con los
controles correspondientes. De otro lado, los tratamientos con melatonina redujeron los niveles de solutos compatibles, al igual que
los contenidos de Na* y CI, en comparacién con los controles. El estrés por salinidad y/o los tratamientos con melatonina indujeron
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la produccién de nuevas bandas de proteinas que no estuvieron presentes en las plantas control. El tratamiento de melatonina 500

UM tuvo un efecto mds pronunciado que el tratamiento de 100 UM en disminuir los efectos adversos de los dos niveles de salinidad

estudiados sobre el comportamiento de las plantas de haba.

Palabras clave: 4cido indol acético, agua de mar, leguminosas, minerales, N-acetyl-5-methoxytryptamina, patrones de proteinas.

INTRODUCTION

Faba bean (Vicia faba L.) is one of the most important crops
cultivated in the developing countries due to the richness of
seed protein content. The importance of faba bean in Egypt
lies not only as human food, animal fodder and green manure
but also due to its importance in crop rotation via fixing
atmospheric nitrogen that enriches the soil with nitrogen and
organic matter as well as improving the water use efficiency
of the cropping system (Khalafallah et al., 2008).

Fresh water resources are becoming limited due to the
competition with human and industrial use. Furthermore,
the saline water can vary greatly in quality depending on
type and quantity of dissolved salts. In this respect, irrigation
with diluted seawater plays an important role in saving fresh
water resources and can be used successfully to grow crops
under certain conditions (Zeid, 2011). Tolerance of plants
to salinity stress is very complex at whole plant and cellular
levels and involves changes in their morphology, physiology
and metabolism (Ashraf and Harris, 2004). Reduction of
photosynthetic activity, accumulation of organic acids and
osmolytes,and changesincarbohydrate metabolismaretypical
physiological and biochemical responses to stress. One of the
most important responses of plants to abiotic stresses is over
production of different types of compatible solutes (Ashraf
and Harris, 2004). Compatible solutes are low molecular
weight, highly soluble compounds that are usually non-
toxic at high cellular concentrations. Generally, such solutes
protect plants from stress through different courses, including
contribution to cellular osmotic adjustment, detoxification of
reactive oxygen species, protection of membrane integrity and
stabilization of enzymes and proteins (Bohnert and Jensen,
1996). Furthermore, some of these solutes are commonly
referred to as osmoprotectants because they protect cellular
components from dehydration injury. Bartels and Sunkar
(2005) mentioned that organic solutes such as soluble
carbohydrates, soluble proteins, total free amino acids and
proline have been involved in osmotic regulation in plant and
playing an important role in the tolerance of plants to salinity
stress. Different abiotic stresses may cause osmotic stress,
oxidative stress and protein denaturation in plants, which
lead to similar cellular adaptive responses such as induction
of stress proteins and acceleration of reactive oxygen species
scavenging systems (Zhu, 2002).

Several researchers attempted to enhance the salinity
tolerance of different crops through using antioxidants as pre-
sowing seed treatments or exogenous application on plants
at different growth stages. Priming (osmo-conditioning)
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is one of the physiological methods that improves seed
performance and provides faster and synchronized
germination and performs better under adverse conditions
(Ashraf and Foolad, 2005).

Melatonin (N-acetyl-5-methoxytryptamine) was
discovered in plants during 1995. It is widely present in many
higher plants, dicotyledons and monocotyledons. Melatonin
has been detected and quantified in roots, shoots, leaves,
fruits and seeds of a considerable variety of plant species.
The levels of melatonin in plant organs vary considerably,
from picograms to micrograms per gram plant material.
Generally, seeds and leaves have the highest level of melatonin
while fruits have the lowest (Van Tassel et al., 2001, Tan et
al., 2007). Many microorganisms including bacteria and
fungi produce melatonin (Hardeland and Poeggeler, 2003).
The decomposition of microorganisms releases melatonin
into the surrounding soil and the rootlets of the plants may
absorb this melatonin and recycle it. Melatonin is an indolic
compound (biogenic indoleamine) structurally related with
other important substances, such as tryptophan, serotonin,
indole-3-acetic acid (IAA), etc. Melatonin-intermediate
products show antioxidant properties and have synergistic
action with other antioxidants, such as ascorbic acid,
glutathione, etc. (Arnao and Herndndez-Ruiz, 2009).
Melatonin is soluble in both water and lipid so it may act as
a universal hydrophilic and hydrophobic antioxidant (Janas
and Posmyk, 2013). Several authors hypothesized that
melatonin may possess some auxin- like effects (Koldr and
Machackova, 2005) and may act as a regulatory molecule
in plants (Van Tassel et al., 2001). Its antioxidant activity
protects different plant tissues and organs, particularly
reproductive tissues, fruit and germ tissues of the seed
from oxidative stress due to environmental stresses, such
as drought, salinity, cold, heat, ultraviolet light and ozone
(Van Tassel et al., 2001). Tan et al. (2007) mentioned that
elevated levels of melatonin probably protect plants against
water and soil pollutants through acting as a direct free
radical scavenger and as an indirect antioxidant. Melatonin
directly detoxifies the hydroxyl radical, hydrogen peroxide,
nitric oxide, peroxynitrite anion, peroxynitrous acid, and
hypochlorous acid that are accumulated under stressful
environments. Additionally, melatonin caused increases
in the activity of several antioxidant enzymes, especially at
harsh environments. One melatonin molecule may scavenge
up to 10 free radicals (Tan et al., 2007), which contrasts
with the classic antioxidants that typically detoxify one
radical per molecule. Its antioxidant activity may manifest
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itself in several ways: (i) direct free radical scavenging, (ii)
elevating the antioxidant enzyme activity, (iii) protecting
antioxidant enzymes from oxidative damage, (iv) increasing
the efficiency of mitochondrial transport chain and (v)
reducing the generation of free radicals (Tan et al., 2010).
Arnao and Herndndez-Ruiz (2009) showed that melatonin
content in roots increased due to stress, reaching up to
six times the melatonin content of control roots and such
increase probably plays an important role in the defense
against stress.

Several investigators have studied the physiological
role of melatonin in plants. These studies suggested
that melatonin was involved in many plant functions as
delaying flower induction (Kolar et al., 2003); stimulation of
hypocotyl, coleoptile and root growth (Chen et al., 2009),
and protection against chlorophyll degradation (Arnao
and Herndndez-Ruiz., 2009). Paredes et al. (2009) reported
that melatonin functions in plants can be recognized into
three categories: growth promoters as auxins; antioxidants
for free radicals and serve as a first-line defense against
oxidative stress; and other functions (signal molecules for
circadian maintenance, regulation of flower development,
or maintenance of developmental stages in fruit tissues).

Thus, this work aimed to study the effect of seed priming
with melatonin in ameliorating the harmful effects of salinity
(diluted seawater irrigation conditions) on the performance
of faba bean plants.

MATERIALS AND METHODS

Materials

Seeds of faba bean (Vicia faba L. cv. Giza 461) were obtained
from the Legumes Crops Research Department, Ministry of
Agriculture and Land Reclamation, Egypt. Melatonin was
purchased from Science Lab Company, 14025 Smith Road,
Houston, Texas, USA.

Methods

Growth conditions

Two pot experiments were conducted at the wire-house of the
National Research Centre, Dokki, Cairo, Egypt on the middle
of November during two growing seasons (2011/2012 and
2012/2013). During this period, temperature ranged from
10-27 °C. Relative humidity ranged from 21-87 %. Healthy
faba bean seeds were selected for uniformity by choosing
those of equal size and identical color. The selected seeds
were washed with distilled water, sterilized with 1 % (v/v)
sodium hypochlorite for approximately two min, and then
washed thoroughly with distilled water. The seeds were
divided into three groups, the first group was soaked with
distilled water, while second and third groups were soaked
with two concentrations of melatonin at 100 UM and 500
UM, respectively for 12 hours then allowed drying at room
temperature (25 °C) for about T1h. Ten air-dried faba bean
seeds were sown along a centre row in each pot (30 cm

diameter) at a depth of 30 mm, in approx. 7 kg of clay:
sand (3:1 v/v) soil. Granular ammonium sulphate (20.5
(w/w) % N) was applied at a rate of 40 kg N ha”, and
single superphosphate (15 % P,0O,) was added at a rate of
60 kg P,O, ha" to each pot. These doses of nitrogen and
phosphorous were added and mixed thoroughly into the soil
of each pot immediately before sowing.

The experiment consisted of three levels of melatonin
namely 0 pM (control), 100 pM and 500 pM considered
as ME,, ME, and ME, respectively where melatonin was
dissolved in distilled water. Irrigation water consisted of two
levels of diluted seawater namely 3.85 dS/m and 7.69 dS/m
that were referred to as S, and S, respectively, whereas the
control plants were irrigated with tap water (S). Treatments
were arranged in a factorial manner with six replicates for
each treatment. Ten days after sowing, (DAS), faba bean
seedlings were thinned leaving four uniform seedlings per pot.

Starting from day 15th, plants were irrigated with the
two levels of diluted seawater mentioned above. Irrigation
was carried out as follows, 3 times with diluted seawater
followed by irrigation with tap water once and so on till the
end of experiment.

Data recorded

Plants were sampled during vegetative stage (75 days after
sowing) for measurement of some growth parameters (plant
height, number of leaves /plant, fresh and dry weights of
plant, and relative water content (RWC), moreover, fresh
leaves were used for determination of photosynthetic
pigments, endogenous indole acetic acid and electrophoretic
protein bands. Oven- dried leaves (for 72 h at 70 °C) were
ground to a powder and kept in a desiccators to determine
total carbohydrates, total soluble carbohydrate, total
phenolic contents, total free amino acid, proline, as well as
some mineral contents (Na*, K*, Ca*?, Cl"). It is imperative to
mention that, data of the yield and its components as well
as nutritive value of the yielded seeds especially its melatonin
content will be reported in another research paper.

Measurements

Relative water content (RWC) was measured in the first fully-
expanded leaf (from the top) using the method of Yamasaki
and Dillenburg (1999).

Fresh weight - Dry weight

RWC (%) = 100.

Turgid weight - Dry weight *

Chlorophyll a, chlorophyll b and carotenoids
concentrations were estimated using the method of
Moran (1982). Indole acetic acid content was determined
according to Larsen etal. (1962). Fresh leaves were subjected
to protein analysis according to their molecular weights
by denatured sodiumdodecylsulphate (SDS)-PAGE as
described by Laemmli (1970). Total soluble carbohydrates
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were determined according to Smith et al. (1956). Total
carbohydrates were determined according to Dubois et al.
(1956). Free amino acid content was determined with the
ninhydrin reagent method (Yemm and Cocking, 1955).
Proline was estimated according to Bates et al. (1973).
Total phenolic compounds were determined according to
the method described by Zhang and Wang (2001). Mineral
contents of faba bean leaves (Na*, K'and Ca') were
determined according to Chapman and Pratt (1978) using
a flame photometer. Cl" was determined according to the
titration method described by Jackson (1973).

Statistical Analysis

All data were subjected to analysis of variance (ANOVA)
for a randomized complete block design, after testing for
homogeneity of error variances according to the procedure
outlined by Gomez and Gomez (1984). Statistically
significant differences between means were compared at p <
0.05 using Duncan’s multiple range test and presented with
the standard errors.

RESULTS

Growth Parameters

All the measured growth parameters (plant height, leaves
number/plant, fresh and dry weights of plant) as well
as relative water content (RWC) decreased as a result of
application of the two salinity levels (S,ME, and S,ME)
relative to control plants (S,ME_) (Table 1). These decreases
were significant at S, ME_ treatment, whereas, decreases due
to S,ME_ treatment were significant only in plant dry weight
and RWC relative to control plant. Regarding melatonin
effect on plants irrigated with tap water, it was noted that
both melatonin concentrations (ME, and ME, as 100 uM

and 500 UM) increased all examined growth parameters.
These increases were significant at 500 UM melatonin
(ME,), meanwhile, melatonin at 100 uM (ME,) caused
non-significant increases in all parameters except RWC
that showed significant increase relative to control plants
(S,ME,). Under salinity stress (S, and S,), 100 uM and 500
UM melatonin (ME, and ME,) caused increases in all the
examined growth parameters relative to corresponding
controls, where the increases in plant dry weight and RWC
were significant. It is worthy to mention that the beneficial
effects of melatonin treatments in alleviating the harmful
effect of salinity stress on the growth parameters was more
pronounced in the plants grown under the higher salinity
level (S,= 7.69 dS/m) than those grown under lower salinity
level (S,= 3.85 dS/m) relative to corresponding controls.

Photosynthetic Pigments

The two applied salinity levels (S,ME, and S,ME) caused
a decrease in all components of photosynthetic pigments
(chlorophylls a, b and carotenoids) and consequently
chlorophyll a+b as well as total photosynthetic pigments
relative to the control plants (S ME,) (Table 2). On the other
hand, chlorophyll a, a+b, and total photosynthetic pigments
were significantly increased in faba bean plants irrigated
with tap water under the effect of 100 UM melatonin,
meanwhile 500 UM melatonin caused significant increases
in all the components of photosynthetic pigments except
the carotenoid content relative to the control (S,ME,).
Interaction between the two salinity levels (3.85 dS/m and
7.69 dS/m) and melatonin (100 uM and 500 M) showed
that both melatonin concentrations caused significant
increases in chlorophyll a and non-significant changes in
chlorophyll b and carotenoids relative to corresponding

Table 1. Effect of melatonin at 100 UM (ME,) and 500 uM (ME,) on growth parameters of faba bean plants irrigated with tap water (S ) or
diluted seawater at 3.85 dS/m (S,) and 7.69 dS/m (S,). The presented results are means of the measurements taken at two successive seasons

(2011/2012 and 2012/2013) for six replicates at each season.

Treatments
— - Plant height Change Leaves number Change Plantfresh Change Plantdry Change RWC Change
Salinity  Melatonin (em) % / Plant % weight (g) % weight (g) % % %
(ds/m)  (uMm)
ME, 59.06+0.78> - 12.77+0.70° - 21.85£0.98% - 3.60+0.18" - 80.35+0.49¢ -
S ME, 62.56+0.67° 5.92 13.50£0.29** 5.71 27.28+0.45® 24.85 4.04+0.03° 12.22 82.75+0.44> 2.98
ME, 74.76x0.57* 26.58 14.95+#0.37* 17.07 27.95+£0.83* 2791 4.70£0.06* 30.55 84.76+0.48* 5.49
ME, 54.50+0.38« - 11.65+0.39% - 16.75+0.66 - 2.48+0.23¢ - 58.77+0.45° -
S, ME, 56.23+0.38%¢ 3.17 12.24+0.15*  5.06 20.48+0.64c 22.26  3.33+0.06° 34.27 62.60+0.12¢ 6.52
ME, 57.83+0.71% 6.11 12.88+0.13*  10.55 22.08£0.52% 31.82 3.58+0.04> 44.35 64.01£0.02¢ 8.91
ME, 44.50£1.15¢ - 9.13+0.22° - 13.06+0.89¢ - 1.48+0.05¢ - 43.82+0.39¢ -
S, ME, 50.03£0.99% 12.42  9.99+0.18% 9.42 17.97£0.71¢ 37.59  2.09+0.06° 41.21 54.46+0.317 24.28
ME 53.10+0. 5¢ 19.32  10.82+0.10<* 18.51 19.87£0.16° 52.14 2.40+0.05¢ 62.16 55.32:0.19° 26.24

2

RWC (Relative Water Content).

Means followed by the same letter for each tested parameter are not significantly different by Duncan’s test (p < 0.05) and presented by=+ SE.
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controls. It is imperative to mention that the enhancement
effect of 500 UM melatonin (ME,) on photosynthetic
pigments was more pronounced than that by 100 uM
melatonin (ME,), either in the plants irrigated with tap
water (S,) or diluted seawater (S, and S,). These increases
in total photosynthetic pigments were 22.31 %, 12.87 % and
15.85 % in the plants treated with 500 UM melatonin and
irrigated with tap water (S,), diluted seawater at lower (S,)
and higher (S,) concentrations, respectively, as compared
with corresponding controls.

Biochemical Constituents and Compatible Solutes

The two applied salinity levels (S, ME, and S,ME) caused
significant and gradual decreases in total carbohydrate
and indole acetic acid contents relative to the control plant
(S,ME,) (Table 3). However, soluble carbohydrate, phenolic

content, free amino acid and proline were significantly and
gradually increased by increasing salinity levels relative to
control plant (S;ME;). Melatonin concentrations (ME,
and ME,) in absence of salinity caused gradual increases in
total carbohydrate, phenolic content and indole acetic acid
accompanied by gradual decreases in soluble carbohydrate,
free amino acid and proline content relative to control plant
(S,ME,). Under salinity stress, the effect of melatonin on
some biochemical constituents and compatible solutes of
faba bean plants was more or less similar to its effect on
the plants irrigated with tap water. It is worthy to mention
that, 500 UM melatonin was more effective than 100 uM
melatonin either in enhancement of some parameters (total
carbohydrate, phenolic content and indole acetic acid) or
inhibition of the others (soluble carbohydrate, free amino
acid and proline).

Table 2. Effect of melatonin at 100 uM (ME,) and 500 uM (ME,) on photosynthetic pigments (mg/g fresh weight) of faba bean plants irrigated
with tap water (S;) or diluted seawater at 3.85 dS/m (S,) and 7.69 dS/m (S,). The presented results are means of the measurements taken at two
successive seasons (2011/2012 and 2012/2013) for six replicates at each season.

Treatments Ch Ch Ch Chol hyll Ch Total Ch

— - ange ange . ange olorophy ange otal ange
Salinity Melatonin Cholorophyll a % Cholorophyll b % Carotenoid % (a+b) % pigments %
(ds/m)  (uM)

S ME, 1.70+£0.014° - 0.45+0.014% - 0.26£0.017%¢ - 2.16+0.028¢ - 2.42£0.046° -

0

ME 1.91+0.046* 12.35

1

0.51+.006*  13.33

0.27+0.014%<  3.85

2.42+0.051® 12.04 2.69:0.066° 11.16

ME 2.01+£0.020* 18.23

2

0.60+£0.006* 33.33

0.35+0.023*  34.61

2.61+0.014* 20.83 2.96+0.008* 22.31

S, ME, 1.40+0.009¢ - 0.36+.020 - 0.25+0.0312b¢ - 1.77+0.028¢ - 2.02+0.060¢ -
ME, 1.52+0.014¢  8.57 0.35%0.029« -2.78 0.24+0.025** -4.00 1.87+0.043% 5.65 2.12:0.017% 4.95
ME, 1.59+0.003 13.57 0.37+0.023« 2.78  0.32:+0.040*®* 28.00 1.96+0.025¢ 10.73 2.28:0.066« 12.87

S, ME, 1.20£0.017¢ - 0.26+0.009¢ - 0.17£0.011¢ - 1.46+0.025¢ - 1.64+0.014¢ -

ME 1.32+0.017¢  10.00

1

0.28+0.011¢  7.69

0.18+0.008>  5.88

1.60+0.028% 9.59  1.78:0.020%  8.53

ME 1.39+0.002¢ 15.83

2

0.29+0.025¢ 11.54

0.21£0.014%  23.53

1.69+0.0237  15.75 1.90+0.037¢% 15.85

Means followed by the same letter for each tested parameter are not significantly different by Duncan’s test (p < 0.05) and presented by+ SE.

Table 3. Effect of melatonin at 100 uM (ME, ) and 500 UM (ME,) on some biochemical constituents and compatible solutes of faba bean plants
irrigated with tap water (S) or diluted seawater at 3.85 dS/m (S,) and 7.69 dS/m (S,). The presented results are means of the measurements taken
at two successive seasons (2011/2012 and 2012/2013) for six replicates at each season.

Treatments Total Soluble Total phenolic Free amino acid Proline Indole acetic acid
Salinity Melatonin carbohydrate carbohydrate content (mg/g dry (mg/g dry (pg/100 g fresh
(dS/m) (UM) (% dry weight) (% dry weight) (mg/g dry weight) weight) weight) weight)

So ME, 16.27+0.62° 3.41+0.26¢ 26.89+0.15° 9.80+0.17¢ 0.47+0.008¢ 53.04+£0.03¢
ME, 18.54+0.37° 3.18+0.18% 27.86+0.88% 7.87+0.41¢ 0.40+0.002¢ 61.73+1.00°
ME, 19.22+0.40* 2.61+0.02° 29.83+0.24< 6.36+0.11¢ 0.34+0.023f 78.09+0.34*
S, ME, 14.14+0.32¢ 5.12£0.03¢ 27.52+0.29% 16.90+0.75° 0.69+0.020" 41.43+0.40¢
ME, 16.84+0.35° 5.07£0.04¢ 28.72+0.56% 13.77+0.19¢ 0.61+0.014< 50.58+0.74¢
ME, 17.15+£0.34° 4.82+0.1¢ 31.92+1.06 9.10+0.06¢ 0.57+0.14¢ 51.25+0.43¢
S, ME, 12.02+0.47¢ 6.60+0.01* 29.65+0.74¢ 20.07+0.53 * 0.95+0.023° 25.07+0.47¢
ME, 13.82+0.59¢ 6.11+0.06*° 32.21+0.59° 17.46+0.43° 0.89+0.005° 41.97+0.44¢
ME, 14.92+0.41¢ 5.83+0.03° 34.73£1.09* 16.90+0.23¢ 0.73+0.020° 49.04+0.52¢

Means followed by the same letter for each tested parameter are not significantly different by Duncan’s test (p < 0.05) and presented by+ SE.

Acta biol. Colomb., 20(2):223-235, mayo - agosto de 2015 = 227



Dawood MG, El-Awadi ME.

Mineral Content

The two applied salinity levels (S,ME, and S,ME ) caused
significant and gradual increases in Na* and CI" percentages
accompanied by significant and gradual decreases in Ca*
and K* percentages as well as ratios of K'/Na* and Ca*"?/Na*
relative to the control plants (S,ME,) (Table 4). Concerning
melatonin effect on mineral content of faba bean plant
irrigated with tap water, it was found that ME, and ME,
caused non-significant decreases in Na* and CI percentages
accompanied by increases in the percentages of K*and Ca*?
as well as ratios of K*/Na*"and Ca*?/Na" relative to control
plants (S,ME,). Furthermore, melatonin effect on mineral
content of faba bean plants irrigated with two levels of
diluted seawater was more or less similar to those obtained
in the plants irrigated with tap water. Both melatonin

concentrations caused significant decreases in Na* and CI
percentages accompanied by significant increases in K* and
K'/Na* ratio, as well as non-significant increases in Ca*
relative to corresponding controls. It was noted also that 500
UM melatonin was more effective than 100 UM in alleviating
the harmful effect of the two salinity levels (3.85 dS/m and
7.69 dS/m) on the mineral content of faba bean plants.

Protein Patterns

The SDS- PAGE electrophoretic protein patterns of faba
bean plants grown under the effect of two different
concentrations of melatonin (100 uM and 500 uM) and
irrigation with either tap water (S,), diluted seawater at
3.85 dS/m (S,), or 7.69 dS/m (S,) are shown in (Table 5)
and (Fig. 1).The control plants (S,ME,) exhibited 7 protein

Table 4. Effect of melatonin at 100 uM (ME,) and 500 uM (ME,) on some mineral content (%) of faba bean plants irrigated with tap water (S,)
or diluted seawater at 3.85 dS/m (S,) and 7.69 dS/m (S,). The presented results are means of the measurements taken at two successive seasons

(2011/2012 and 2012/2013) for six replicates at each season.

Treatments
Salinity  Melatonin Na* K Ca” cr K*/Na* Ca™/Na’
(ds/m) (M)
ME, 1.23£0.011% 2.08+0.005¢ 0.94+0.008" 0.30+0.002¢ 1.69+0.011°¢ 0.77+0.002°
S, ME, 1.22+0.11¢ 2.62+0.028* 1.10£0.057° 0.24+0.005° 2.14+0.002° 0.90+0.040°
ME, 1.20+0.005¢ 2.36+0.023° 1.33+0.069° 0.22+0.005° 1.96+0.025° 1.11+0.063*
ME, 1.81+0.008¢ 1.66+0.040° 0.69+0.005% 0.48+0.017% 0.91+0.025¢ 0.37+0.002¢
S, ME, 1.47+0.005¢ 1.87+0.014¢ 0.81+0.008 0.40+0.005¢ 1.27+0.014¢ 0.55+0.002°¢
ME, 1.35+0.014° 1.88+0.054¢ 0.82+0.014< 0.33£0.011¢ 1.39+0.057¢ 0.60£0.008¢
ME, 2.45+0.002* 1.33+0.020f 0.58+0.005¢ 0.67+0.005* 0.54+0.057¢ 0.23+0.002¢
S, ME, 2.20£0.063° 1.69+0.005¢ 0.68+0.011¢ 0.52+0.002° 0.76+0.020f 0.30+0.002¢
ME 1.99+0.002°¢ 1.90+0.051¢ 0.72+0.005% 0.46+0.037* 0.95+0.023¢ 0.36+0.005¢

2

Means followed by the same letter for each tested parameter are not significantly different by Duncan’s test (p < 0.05) and presented by=+ SE.

Table 5. Effect of melatonin at 100 uM (ME,) and 500 uM (ME,) on SDS-PAGE electrophoretic protein patterns of faba bean plants irrigated
with tap water (S;) or diluted seawater at 3.85 dS/m (S,) and 7.69 dS/m (S,).

Mr (kDa) 1 2 3 4 5 6 7 8 9
125 + + + + +

103 + + + + +

96 - - - - - - + + +

92 - - + - - - - - -

82 - + - + + - + +

72 + + + + + + + + +

69 - - - + + + - - -

60 + + + + + + + + +

56 - - - + + + - - -

44 + + + + + + + + +

35 + + + + + + + + +

31 + + + + + + + + +
Total number 7 8 9 9 10 10 8 9 9
Number of new bands - 1 2 2 3 3 1 2 2

1= (S,ME,); 2= (S,ME,); 3= (S,ME,); 4= (5,ME,); 5= (S,ME,), 6= (S,ME,); 7= (S,ME,); 8= (S,ME,); 9= (S,ME,).
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Figure 1. Effect of melatonin at 100 UM (ME,) and 500 UM (ME,) on SDS-PAGE electrophoretic protein patterns of faba bean plants irrigated
with tap water (S;) or diluted seawater at 3.85 dS/m (S,) and 7.69 dS/m (S,).
1=(S,ME,); 2=(S,ME,); 3=(S,ME,); 4=(S,ME,); 5=(S,ME,), 6=(S,ME,); 7=(S,ME,); 8=(S,ME,); 9=(S,ME,).

bands (Mr: 125, 103, 72, 60, 44, 35, 31 kDa, respectively).
Thisnumber (7 bands) represented the least number of bands
that were common among the different treatments. The
high concentration of salinity (S,) alone or in combination
with melatonin at the relatively low (ME,) or high (ME,)
concentration induced a new protein band having a
molecular rate 96 kDa. A unique protein band (Mr: 92 kDa)
was induced by 500 UM melatonin (S ME,). Furthermore, a
protein band having a Mr 82 kDa seemed to be a marker for
all melatonin treatments either alone (S,ME, or S ME,) or in
combination with salinity at lower and higher levels (S, ME,
S,ME,, S, ME,, S,ME,). The low concentration of salinity (S,)

alone or in combination with melatonin at the relatively low
(ME,) or high (ME,) concentration induced two new protein
band having a molecular rate 69 and 56 kDa.

DISCUSSION

Growth Parameters

Itis well known that the responses of plant growth to salinity
stress vary to different extents according to the degree and
duration of stress, plant variety or species and developmental
stage. In the present work, the vegetative growth parameters
of faba bean plants were generally adversely affected by
salinity stress (Table 1). Such a reduction in growth could
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be attributed to the influence of high osmotic stress and ion
toxicity (Hasanuzzaman et al., 2013) or due to altered cell
wall structure induced by stress (Sweet et al., 1990). Further,
salinity stress might inhibit cell division, cell enlargement
and expansion as mentioned by Radi et al. (2013).

The obtained data show an enhancement effect of
melatonin on vegetative growth parameters of faba bean
plants irrigated either with tap water or diluted seawater
(Table 1). In this connection, Janas and Posmyk (2013)
mentioned that exogenously applied melatonin improved
developmental processes during both vegetative and
reproductive growth under stress conditions. Moreover,
due to its antioxidant properties, melatonin protected the
roots of barley from the damaging effects of NaCl, ZnSO,
and H,0, (Tan et al., 2010). Li et al. (2012) also reported
that melatonin mediated many physiological processes
in plants i.e. growth regulation and ion homeostasis and
partially alleviated the salt-induced inhibition on plant
growth. Melatonin has similar chemical structure as auxin-
IAA so, it may play a similar role in plants as this hormone
(Sarropoulou et al., 2012). Further, Herndndez-Ruiz and
Arnao (2008) mentioned that melatonin stimulated the
vegetative growth in etiolated lupine hypocotyls in a manner
similar to that of indole acetic acid. Tan et al. (2007)
investigated the potential relationships between melatonin
supplementation and environmental tolerance of plants.
Plants having a higher content of melatonin coped better with
stress under adverse environmental conditions, compared
to those with lower levels of this compound (Zhang et al.,
2013). Recently, there are several reports demonstrating the
function of melatonin in alleviating the adverse effects of
abiotic stresses (Arnao and Hernandez-Ruiz, 2009, Li et al.,
2012, Wangetal., 2013).

Phtosynthetic Pigments

The depressive effect of salinity stress on chlorophyll
content (Table 2) may be due to the formation of proteolytic
enzymes such as chlorophyllase, which is responsible
for the chlorophyll degradation and /or damaging the
photosynthetic apparatus (Radi et al., 2013). In addition,
Santos (2004) pointed out that the decrease in chlorophyll
content in severely NaCl stressed leaves was mainly due
to a decrease of ALA (5-aminolinolic acid) synthesis. This
acid is a precursor of protochlorophyllide, which converts
to chlorophyll when exposed to light. Sabra et al.(2012)
concluded that salt concentration (100 mM NaCl) reduced
Chl a, Chl b and carotenoid contents in Echinacea purpurea
and E. angustifolia, where that reduction was correlated with
shoot Na* content rather than CI7, suggesting that Na* was
the major ion causing pigment reduction. Nevertheless, in
other plant species like Vicia faba, the decline in the leaf
chlorophyll was strictly attributed to CI~ accumulation
in the leaves (Tavakkoli et al., 2010). In the present
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work, melatonin at two applied concentrations (100
UM and 500 uM) positively affected the photosynthetic
pigments of faba bean plants either on irrigation with tap
water or diluted seawater. XD et al. (2010) mentioned
that treatment with melatonin played an important
role in preservation of chlorophyll and promotion of
photosynthesis due to raising the antioxidant enzyme
activities and antioxidant contents and thus inhibiting
the production of reactive oxygen species. In addition,
Arnao and Herndndez-Ruiz (2009) cited that melatonin
treatments lowered chlorophyll degradation and slowed
down the senescence process in barley plants, where
1 mM melatonin was optimal. Li et al. (2012) illustrated
that pretreatment of Malus hupehensis Rehd with melatonin
under high salinity conditions significantly improved plant
growth and photosynthetic capacity. Zhang et al. (2013)
stated that treatment with 100 pM melatonin significantly
reduced chlorophyll degradation in cucumber seedlings
and alleviated the effect of water stress. Furthermore, the
ultrastructure of chloroplasts in water-stressed cucumber
leaveswas maintained after melatonin treatment. Melatonin
molecule significantly reduced chlorophyll degradation
and suppressed the up-regulation of senescence-associated
gene and increased the photosynthetic efficiency of many
plants (Tan etal., 2012, Wang et al., 2013).

Biochemical Constituents and Compatible Solutes

a. Total carbohydrates

Carbohydrates are supplied mainly through the process of
photosynthesis and photosynthetic rates are usually lower
in plants exposed to salinity and especially to NaCl (Ashraf
and Harris, 2004). Hence, the reduction in photosynthetic
pigments in faba bean leaves under the effect of salinity
stress (Table 2) might have led to decreased levels of
photo-assimilates in the leaves, mainly total carbohydrates
(Table 3). Most of the plants are sensitive to salt stress,
and high level of salinity caused reduction in carbohydrates
(Hassanein et al., 2009). On the other hand, the melatonin
enhancement effects on photosynthetic pigments that
have been recorded in the present work might interpret
the overproduction of total carbohydrates, and thus the
concomitant enhancement of plant growth.

b. Indole acetic acid

The decreases in indole acetic acid (IAA) under the effect of
salinity stress (Table 3) were concurrent with the decrease
in vegetative growth parameters (Table 1). The reduced
IAA levels under salinity stress might be attributed to the
inhibition in biosynthesis of indole acetic acid and/ or
increases in their degradation or transformation into inactive
form. However, recent work indicated that the decreased
auxin contents under salinity might be rather complicated as
being underplayed by stress-responsive transcription factors
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and microRNAs that modulate auxin- and environment-
mediated root development (Kazan, 2013). On the other
hand, the promotive effect of melatonin on IAA was
confirmed by Chen etal. (2009) who reported that melatonin
doses increased indole acetic acid. In addition, Posmyk et al.
(2009) mentioned that hydro-priming of cucumber seeds
with melatonin increased IAA content.

Phenolic compounds

In response to various environmental stresses such as salinity
stress, plants have developed different physiological and
biochemical mechanisms to adapt or to tolerate stress. Table
3 shows that salinity stress and/ or melatonin treatments
enhanced the phenolic content. Salinity induced disturbances
in the metabolic process leading to the increase in the
synthesis of phenolic compounds (Keutgen and Pawelzik,
2009). Actually, the accretion of reactive oxygen species
(ROS) under salt stress is generally coupled with changes in
net carbon gain which may strongly affect the biosynthesis
of carbon-based secondary compounds, particularly leaf
polyphenols (Radi et al., 2013). Phenolic compounds play
an important role as antioxidants in scavenging free radicals
arising from their high reactivity as hydrogen or electron
donors, to stabilize and delocalize the unpaired electron
(chain-breaking function), and from their ability to chelate
transition metal ions (Huang et al., 2005). Beneficial effects
of melatonin may also result from its signaling function,
through the induction of different metabolic pathways and
stimulate the production of various substances, preferably
operating under stress (Tan et al., 2012). Szafranska et al.
(2012) showed that melatonin added to Vigna radiata L. seeds
protected the roots of chilled seedlings after re-warming and
increased the synthesis of phenolic compounds, particularly
derivatives of p-coumaric acid.

Compatible solutes

In the present work, salinity stress caused increase of
compatible solutes, whereas melatonin treatments
decreased them (Table 3). The osmotic adjustment in plants
subjected to salt stress occurs by the accumulation of high
concentrations of osmotically active compounds known as
compatible solutes such as proline, glycinebetaine, soluble
sugars, free amino acids and polyamines (Jagesh et dl.,
2010). These authors revealed that such substances play an
important role in the adaptation of cells to various adverse
environmental conditions through raising osmotic pressure
in the cytoplasm, stabilizing proteins and membranes, and
maintaining the relatively high water content obligatory for
plant growth and cellular functions.

Proline accumulation is considered as an indicator in
several plant species under salt stress conditions, acting
as an osmotic protectant and contributing to the turgor
maintenance of cells (Jagesh et al., 2010). Proline was

involved in the synthesis of key proteins that are necessary
for stress responses (lyer and Caplan, 1998). Further, the
increase in proline content could be attributed to a decrease
in proline oxidase activity under saline conditions (Roodbari
et al., 2013). The free amino acid accumulation associated
with stress may actually be a part of an adaptive process
contributing to osmotic adjustment (Dubey, 1994).

Elevated sugar levels in salt stressed plants may contribute
to the turgor maintenance and stabilization of cellular
membranes (Jouve et al., 2004).The accumulation of soluble
carbohydrates in plants has been widely reported as a response
to salinity despite a significant decrease in net CO, assimilation
rate (Murakeozy et al., 2003). According to Bohnert and
Jensen (1996) carbohydrates may act as ROS scavengers and
contribute to increase in membrane stabilization.

On the other hand, melatonin is a free radical scavenger
and broad-spectrum antioxidant that might directly
eliminate ROS when produced under stressful conditions.
The accumulation of ROS under stress was inhibited by
melatonin applications due to direct scavenging and/
or enhanced activities of antioxidant enzymes (Tan et al.,
2000, Tan et al., 2007). The results of the present work
show that melatonin treatments decreased the harmful
effect of salinity on faba bean plants and increased its
salinity tolerance.

Mineral Content

The decreases in K" and Ca? were accompanied by
increases in Na* and Cl" in faba bean leaves under the
effect of salinity levels (Table 4). This conclusion agrees
with those reported by Cramer (1997) and Taibi et al.
(2012) who revealed that plants exposed to NaCl take up
high amounts of Na*, whereas the uptake of K* and Ca*
is significantly reduced. K*/Na* ratio in plants under saline
conditions is considered as one of the important selection
criteria for salt tolerance (Ashraf and Harris, 2004). Tester
and Davenport (2003) pointed out that low K*/Na* ratios
could disrupt protein synthesis in the cell, given that Na*
competes with K" for binding sites essential for cellular
function, but cannot substitute for K* to activate functional
enzymes. Furthermore, the maintenance of Ca** acquisition
and transport under salinity constitutes an important
determinant of salinity tolerance (Unno et al., 2002),
making plants to be less susceptible to osmotic and specific
ion injury. Taibi et al. (2012) mentioned that Na* and Ca**
can enter cells through ion channels. These channels may
control the transport of cations to the xylem and therefore,
may control cation transport to the shoot. In some cases,
these channels are more selective for Na* than K* and the
increase in Ca* concentration reduces Na* conductance
through these channels. K* also moves through the Ca*
channels and can interfere with Ca®" transport (Pifieros
and Tester, 1997). Chlorine is widespread in the nature,
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and plants easily absorb chloride ions. Chloride ions play
an importantrole in PSIl, membrane potential stabilization
and turgor and pH regulation. External Cl" concentrations
higher than 20 mM can be toxic in susceptible plant species,
whereas in tolerant species external concentrations four
to five times higher may show no effect on plant growth
(Broadley et al., 2012).

Melatonin treatments partially alleviated the harmful
effect of salinity stress on mineral content of faba bean
leaves (Table 4). Li et al. (2012) mentioned that melatonin
might control the expression of ion-channel genes under
salinity, which may possibly contribute to the maintenance
of ion homeostasis and thus, improves salinity resistance
in plants. The ability to limit Na* transport into the shoots
and to reduce Na* accumulation in the rapidly growing
shoot tissues is critically important for maintenance of
high growth rates and protection of metabolic processes in
elongating cells from the toxic effects of Na* (Roodbari et
al., 2013). Enhanced uptake of K* and/or Ca®" at the cost
of reduced uptake Na* in the cells of salt stressed plants is
considered vital for maintaining high cellular K*/Na* and
Ca*?/Na’ ratios. Significant ameliorative effects of Ca®* on
Na* toxicity have been reported to improve water transport
(Knight et al., 1997), and growth of plants (White and
Broadley, 2003).

Protein Pattern

The results of the present work showed appearance of
new protein bands in faba bean plants under the effect of
salinity stress and/ or melatonin treatments (Table 5 and
Fig. 1). The most important mechanism involved in cell
protection against salt stress is the induction of de novo
synthetic protein groups (Kermode, 1997). These stress
proteins may provide a storage form of nitrogen that may
be re-utilized when stress is over (Badr et al., 1998). It is
suggested that these new proteins may play an important
role in triggering a special system that help the whole
plant against salinity stress. These proteins may have
an osmoprotection function (Dure, 1993) or protecting
cellular structures (Close and Lammers, 1993). Shukry and
El Bassiouny (2002) reported that salinization induced de
novo synthesis of some salt responsive proteins of Vicia faba
seeds during germination and the salt responsive proteins
might be osmotin, dehydrin and ubiquitin.

Moreover, the melatonin- induced new protein bands,
shown in the present work, might be attributed to the
synthesis of new polypeptides or might represent degradative
product(s) of proteins due to the effect of hydrolytic enzymes
on high molecular weight proteins. This assumption might
be reinforced by that of Posmyk et al. (2009) who reported
that although melatonin protected membrane structure
against peroxidation during chilling, excessive melatonin
levels (~4 pg/g fresh weight) in cucumber seeds provoked
oxidative changes in proteins.
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CONCLUSION

It could be concluded that melatonin treatments (100 uM
and 500 uM) improved growth parameters, relative water
content, photosynthetic pigments, total carbohydrate, total
phenolic content, indole acetic acid, K*,Ca*? and reduced
the levels of compatible solutes, Na* and Cl contents in leaf
tissues of faba bean plants irrigated with diluted seawater
(3.85 dS/m and 7.69 dS/m). Melatonin at 500 uM had a
more pronounced effect in alleviating the adverse effects
of the two salinity levels on the performance of faba bean
plants than 100 UM melatonin.
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