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A pot experiment was carried out in the botanical garden of Faculty of Education, Ain Shams
University, with the aim of studying the effect of salinity levels (4, 8 and 16% of diluted seawater)
and foliar application of aspartic acid and/or glutathione on the growth and chemical constituents
of tomatoes (lycopersicon esculentum Mill) plants. The most important results can be summarized
as: 1). Treatments of high salinity levels reduced all growth parameters and chemical constituents
of plants. 2) Both aspartic acid and glutathione significantly increased plant growth, the contents of
anthocyanin, a-tocopherol, ascorbic acid and enzymatic activities. In addition, the content of
endogenous amino acids was increased which in turn led to positive changes in the picture of
protein electrophoresis, theses changes were accompanied by appearance and disappearance of
some protein bands and caused obvious changes in the anatomical features of the stems. 3) The
effect of aspartic acid was superior to that of glutathione on increasing plant growth and chemical
constituents. 4) Under low saline conditions, the maximum plant growth for all the recorded
growth parameters was obtained from plants treated with aspartic acid and grown under 8% of
seawater, followed by 4%. However, glutathione had inhibitor effect on plant growth and chemical
constituents of plants grown at 16% seawater. The data revealed that the different antioxidants
could partially alleviate the harmful effects of salinity stress that reflected on growth and some
physiological changes of tomato plant.
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Soil salinity is one of the most important abiotic
stress and limiting factor for plant production. Up
to 20% of the irrigated arable land in arid and
semiarid regions is already salt affected and is still

expanding (Koyro, 2006). Increasing NacCl

concentration in nutrient solution adversely

affected tomato shoot and roots, plant height, K

concentration, and K/Na ratio.

Salt stress causes partial swelling of

endoplasmic reticulum, decrease in mitochondrial
cristase and

swelling of mitochondria,

fragmentation of tonoplast, and degradation of
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cytoplasm by the mixture of cytoplasmic and
vacuolar matrices in leaves of sweet potato
(Mitsuya et al., 2000). The important response of
salt stress is reduction in the rate of leaf surface
expansion leading to cessation of expansion as salt
concentration increases. Salt stress causes water
deficit because of osmotic effects on metabolic
activities of plants and this water deficit results in
oxidative stress because of the formation of
reactive oxygen species. The most common stress
responses in plants is overproduction of compatible
organic solutes which are low molecular weight,
highly soluble compounds that are usually nontoxic
at high cellular concentrations (Azevedo et al.,
2004). The plants defend against these reactive
oxygen species by induction of activities of certain
antioxidative enzymes such as catalase, peroxidase,
glutathione reductase, and superoxide dismutase,
which scavenge reactive oxygen species. Activities
of antioxidative enzymes increase under salt stress
in wheat (Hernandez et al., 2000).

The increasing of soil salinity by irrigation with
saline water resulted in increased the sodium
content and also the relationships of Na*/Ca®,
Na*/K* (Garcia et al., 2007). The asparagine and
glutamine connect the two important metabolic
cycles of the plant, the carbon and nitrogen cycles,
and they have an influence both on sugars and on
proteins. In plants, aspartate is the precursor to
several amino acids, including methionine,
threonine, isoleucine (Rawia et al., 2011).
Glutathione (GIT) is non-protein thiol present in
plants. The physiological significances of
glutathione may be to it regulates sulfur uptake at
root level and .In addition to its effects on
expression of defense gene. GIT plays a crucial role
in controlling and maintaining the intracellular

redox state. The alleviating effect of glutathione
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might be through scavenging active oxygen species
under salt stress. Therefore, proposed that
glutathione may ameliorate salt alterations on the
plasma membrane, which may enhance salt
tolerance in plants (Jui-Hung et al., 2012). Tomato is
a major vegetable plant, and it is moderately
sensitive to salinity. It is also has a particular
importance as being a raw material of agricultural

industry besides it is as a fresh vegetable.

The aim of present work is to increase the
salinity tolerance by treatment with glutathione and
aspartic acid in tomato plant grown under higher
level of salinity. Therefore, the main objective of the
present study was to improve the growth of tomato
plant grown under soil salt stress by using some

external antioxidants.
MATERIALS AND METHODS

Tomato-super strain B-(Lycopersicom
esculantum Mill, Castle rook cultivar) seeds were
obtained by the vegetables research center, El-
Dokkey, Giza, Egypt. Tomato seeds were surface
sterilized by immersing in 70 % ethanol for 2 min.
Sterilize in 0.2 % sodium hypochlorite (NaOCl) for 3
min. They were washed for several times with
sterile distilled water, and then grown in large forty
diameters shallow clay pots containing loam based
garden soil and were irrigated with tap water until
the first true leaf stage appeared. The seawater
salinity was prepared by diluting seawater brought
from the Mediterranean Sea, near Alexandria city
to obtain three concentrations (4, 8 and 16%) using
electrical conductivity meter. Foliar spraying of
Aspartic acid (used at 100 mg/L) and glutathione
(used at 50 mg/L) were applied. The plants were

divided into four groups:

The first group (5 pots) was irrigation with tap

water to serve as control.
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The second group (15 pots) subdivided into
three sets represented the plants which irrigated
with the three concentrations of seawater (4, 8 and

16%) (5 pots for each set).

The third group (20 pots) subdivided into four
sets; the first set (5 pots) included the plants
irrigated with tap water and sprayed with aspartic
acid (100 mg/L). Whereas the 2™, 3™ and 4™ sets of
pots (5 pots for each set) irrigated with the three
treatments of seawater and foliar spraying with
aspartic acid (100 mg/L).

The fourth group was subdivided as the same as
the third group, but the plants were foliar spraying

with glutathione (50 mg/L) instead of aspartic acid.

The groups of plant, however, were used for
studying the effect of salinity on pre-flowering plant
stage. The plants were irrigated with seawater
salinity treatments and a tap water as a control.
Plant samples were harvested on pre-flowering
plant stage (70 days old), leaves, stems and roots
were separated and analyzed for the following

measures:

Growth Parameters : Plant height, number of
leaves, leaf area, fresh weight and dry matter of
shoots and roots were determined for each

treatment.

Anthocyanin content: Anthocyanin content was
estimated according to the method of Krizek et al.
(1993). Leaf samples were homogenized in 10 mL of
acidified methanol (HCl: methanol, 1:99, v/v). The
homogenate was centrifuged at 18 000 g for 30 min
at 4°C, and then the supernatant was filtered
through Whatman Nol to remove particulate
matter and was stored in darkness at 5°C for 24 h.
The amount of anthocyanin was determined from
the absorbance at 550 nm. Anthocyanin content

was expressed as umol/g FW and the concentration

of anthocyanin was calculated.

a-tocopherol content: The content of a-
tocopherol was measured by the method of Philip
et al. (1954). The absorbance of a-tocopherol was
recorded at 520 nm against ethanol as a blank. a-
tocopherol content in the extracts was calculated

from the regression equation of the standard curve.

Ascorbic acid content: Ascorbic acid was
determined as described by Mukherjee and
Choudhuri (1983). 4 ml of the extract was mixed
with 2 ml of 2% dinitrophenyl-hydrazine (in acidic
medium) followed by the addition of 1 drop of 10 %
thiourea (in 70 % ethanol). The mixture was boiled
for 15 min in a water bath and after cooling to
room temperature, 5 ml of 80% (v/v) H,SO, was
added to the mixture at 0°C (in an ice bath). The
absorbance was recorded at 525 nm using

spectrophotometer.

Antioxidant Enzymes: Catalase (CAT) (EC
1.11.1.6) activity was measured as described by
Chandlee and Scandalios (1984), with some
modification. We homogenized 0.5 g of frozen plant
material in a prechilled pestle and mortar with 5 ml
of ice-cold 50 mM sodium phosphate buffer (pH
7.5) containing 1 mM phenylmethylsulfonyl fluoride
(PMSF). The extract was centrifuged at 4 °C for 20
min at 12,500 rpm. The supernatant was used for
enzyme assay. The assay mixture contained 2.6 ml
of 50 mM potassium phosphate buffer (pH 7.0), 400
pl of 15 mM H,0,, and 40 pl of enzyme extract. The
decomposition of H,0, was followed by a decline in

absorbance at 240 nm.

Peroxidase (POX; EC 1.11.1.7) was assayed
according to Kumar and Khan (1982). The assay
mixture of POX contained 2 ml of 0.1 M phosphate
buffer (pH 6.8), 1 ml of 0.01 M pyrogallol, 1 ml of
0.005 M H,0,, and 0.5 ml of enzyme extract. The
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solution was incubated for 5 min at 25 °C and then
the reaction was terminated by adding 1 ml of 2.5 N
H,S0,. The amount of purpurogallin formed was
determined by measuring the absorbance at 420
nm against a blank prepared by adding the extract
after the addition of 2.5 N H,SO, at zero time. The

activity was expressed in unit mg™ protein.

Polyphenol oxidase (PPO; EC 1.10.3.1) activity
was assayed as described by Kumar and Khan
(1982). The assay mixture for PPO contained 2 ml of
0.1 M phosphate buffer (pH 6.0), 1 ml of 0.1 M
catechol, and 0.5 ml of enzyme extract. This was
incubated for 5 min at 25 °C, after which the
reaction was stopped by adding 1 ml of 2.5 N H,SO,.
The absorbency of the purpurogallin formed was
read at 495 nm. To the blank, 2.5 N H,SO, was
added at zero time to the same assay mixture. PPO
activity was expressed in U mg™ protein (U = change
in 0.1 absorbance min™ mg™ protein). The enzyme
protein was estimated according to Bradford (1976)

for expressing all the enzyme activities.

Electrophoretic of Protein Patterns

Electrophoretic protein profile of tomato leaves
were analyzed according to SDS-PAGE technique
(Laememli, 1970) which relates polypeptide maps,
molecular protein markers, percentage of band

intensity using gel protein analyzer version 3

(MEDIA- CYBERNE TICE,USA).

Amino Acids: Acid Hydrolysis and HPLC
Determination of Amino Acids: This was carried out
according to the method described by Gehrke et al.
(1985) as follows: - 10 g of fine dry powder of young
leaves was weighed into 25x150 mm hydrolyzing
tube. Aliquot (10 ml) of 6N HCL was added purged
with nitrogen for 60 sec. and the tubes were caped
immediately. The tubes were placed in oven at 110
°C for 24 hr., removed from the oven and allowed

to cool. The contents of the tube were
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quantitatively transferred to 25 ml volumetric flasks
and completed to volume with HPLC grade water.
(About 1ml of the solution was filtered through
0.45u sample filter). Regarding the hydrolysis of
cysteine, about 10 g of fine dry powder of young
leaves were inserted in 25x150 mm hydrolyzing
tube. The tubes were covered and placed in ice
bath for 30 sec., 7.5 ml of performic acid (10 ml of
30% H,0, + 90 ml of 88% formic acid) were added
to each tube and left for 1 hr. with regular check
well .The tubes were placed in ice bath for 30 sec.
and used directly for detection of cysteine. The
HPLC used is waters 600E Multisolvent Delivery
System, Pico-Tag analysis column ,Water 484
Detector and workstation with 815 baseline
programme. The HPLC analysis was carried out by
using a gradient of Pico- Tag solvent A & B at 40 °C
with flow rate 1 ml/min. Detection of the separated
PTC- amino acids at 254 nm wavelength. Before
injecting the samples, the instrument was

calibrated by two injections of the standards.

Anatomical Studies: The specimens of tomato
plants treated with aspartic acid /or glutathione in
addition to the control plants were taken from the
stem. The specimens were killed and fixed for one
week with formalin acetic acid solution (F.A.A. 10
ml formalin + 5ml glacial acetic acid + 85 ml 70%
ethanol). The selected materials were washed in
50% ethanol, dehydrated in series of normal butyl
alcohol, embedded in paraffin wax (melting point
56C0), sectioned to the thickness of 20 microns
double stained with safranin-light green cleared in
xylem and mounted in canada balsam (Nassar and
El-Sahhar, 1998). The sections were examined to
detect histological manifestations of noticeable
responses resulting from the treatment of the

plants.
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Statistical analysis

All analyses were done on a completely
randomized. The results were subjected to One-
way ANOVA and the differences between means at
the 5% probability level were determined using

Duncan's new multiple range test.

RESULTS AND DISCUSSION

The vegetative growth parameters of tomato
plants (in terms of plant height, number of
leaves/plant, root length, leaf area, as well as fresh
and dry weights of the different plant parts)
irrigated with different concentrations of diluted
seawater (4, 8 & 16%) (Tablel), were declined with
increasing seawater (SW) concentrations as
compared with control plants (Tap water). In
addition, foliar spraying of plants with aspartic acid
(AA) or glutathione (GIT) increased these growth
parameters of plants grown under non either saline
or saline conditions compared with control. Gamal
El-Din and Abd EI-Wahed (2005) reported that
some amino acids treatments significantly
increased plant height, number of branches,
number of flower heads and fresh and dry weights
of aerial part of chamomile plant. Wahba et al.
(2002) mentioned that aspartic acid as foliar spray
increased the vegetative growth, flowering
parameters and yield of Anthoglyza aethiopica. In
addition amino acids (aspartic acid) may be play an
important role in plant metabolism and protein
assimilation which necessary for cells and
consequently increase fresh and dry mater (Abo
Sedra et al., 2010). The exogenous application of
glutathione mitigated the adverse effects of salt
stress on growth of Canola seedlings, it may be
affected nuclear gene expression which influenced

by plant's external environment (Hemmat, 2007).

Changes in non-enzymatic antioxidant: Salt

stress had an inhibitory effect on the ancothyanins,
a-tocopherol and ascorbic acid contents in the
tomato plants, since these contents were
significantly decreased in the stressed plants (Table
2). The decreasing in these antioxidants was
proportional to the concentration of seawater (SW)
in irrigation solution. On the other hand, the
obtained data shows that foliar spraying of the
plants with aspartic acid and/or glutathione
significantly  increased  the  contents  of
ancothyanins, a- tocopherol and ascorbic acid

particularly under saline conditions (4 and 8%) as

compared with control.

Salt stress accelerates the formation of Reactive
Oxygen Species (ROS). Plants maintain complex
systems of multiple types of antioxidants, such as
anthocyanine, ascorbic acid (vitamin C) and
tocopherol (vitamin E). Non-enzymatic antioxidant
activity is represented by a series of antioxidant
molecules that the plant uses against active oxygen
species formation (Mittler, 2002). Aspartic acid and
glutathione may be alleviate the harmful effect of
reactive oxygen species (ROS) caused by soil salt
stress through inhibiting the lipid
photoperoxidation, involving in both electron
transport of PS Il and antoxidizing system of
chloroplasts, and scavenging cytotoxic H,0,
(Blokhina et al., 2003). Vaidyanathanet al. (2003)
reported that the non-enzymatic antioxidants
(ascorbic acid, glutathione, a-tocopherol, and
flavanoids) showed an accumulation in root tissues

in plants subjected to salt stress.

Changes in enzymatic antioxidant: The changes
in various enzymes activities of shoots and roots of
tomato plants in response to salinity stress either
alone or in combination with aspartic acid and/or
glutathione are illustrated in figures (1-3). Results

indicated that, peroxidase (POX), catalase (CAT),
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and polyphenol oxidase (PPO) activities were
significantly decreased in shoots and roots of
tomato plants irrigated with different
concentrations of seawater (SW). On the other
hand, tomato plants treated with aspartic acid
and/or glutathione exhibited more stress resistance
by increasing their activities of CAT, POX and PPO as
compared with untreated plants. The higher
activities in these enzymes were recorded in plants
treated with aspartic acid and irrigated with 8% of
seawater. Plants posse’s antioxidant systems in the
form of enzymes these enzymes are reported to
increase under various environmental stress and
higher activity has been reported in tolerant
cultivars than the susceptible ones. Dash and Panda
(2001) reported that higher activity of antioxidant
enzymes (CAT, POX and PPO) caused lower H,0,
production, lipid peroxidation and higher
membrane stability. These enzymes are involved in
elimination of H,0, from stressed cells. Catalase
(CAT) is the most effective antioxidant enzyme
preventing oxidative damage. The changes in CAT
activity may depend on the species, the
development and metabolic state of the plant, as
well as on the duration and intensity of the stress
(Sairam et al., 2005). Exogenous application of
either aspartic acid or glutathione significantly
increased the specific activity of phenol peroxidase
in stressed plants, may be decrease the injurious

effect of salt and it reacts with H,0, and maintain

the membrane integrity (Sairam et al., 2005).

Protein electrophoratic pattern: Different SDS-
PAGE patterns of tomato plants irrigated with
different levels of salinity (4, 8 and 16%) and foliar
spraying with aspartic acid and/or glutathione were
presented in Table 3 and Fig. 4. Irrigation of tomato
plants with different seawater (8% and 16%) levels

showed an increase in the total number of protein
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bands. In addition, tomato plants irrigated with
different levels of salinity and foliar spraying with
aspartic acid and/or glutathione exhibited an
increasing in the total number of bands. These
results indicate that the plant irrigated with
different salinity levels plus application of
glutathione and aspartic acid characterized by
appearance of new bands as compared with that of
the untreated plants. Scanning of the gel showed
that the protein band, which has the molecular
weight (MW) of 164.17 kDa, was disappeared under
saline conditions. At the same time 4 bands with
molecular weights of 54.12, 31.95, 28.50 and 19.28
kDa have developed in plants treated with different
levels of salinity alone or with salinity levels plus
sprayed by the two used antioxidants but these
bands not detected in the control plant. Foliar
spraying of tomato with aspartic acid only induced
the appearance of two newly protein bands at
molecular weights of 202 and 17.96 kDa. While, the
protein band, which has the molecular weight of
21.84 kDa, characterized the plants treated with
salinity levels and glutathione. These results
confirmed with the results reported by El-Bassiouny
et al. (2008) who concluded that one of the
important mechanism involved in the cell
protection against salinity stress is the induction of
de novo synthesis of a set of new protein. The
salinity altered the protein patterns of two
Anabaena strains by inducing the synthesis of a
specific of proteins called the salt-stress proteins
that are strain dependent (Apte and Bhagwat,
1998). Proteins play important roles in signaling the

plant adaptive responses to salinity stress.

Amino acids: Salinity stress affected free amino
acids in the shoots of tomato plants and the use of
aspartic acid or glutathione show a clear trend for

amino acid constituent (Table 4). Obtained results
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showed that different salinity levels led to

accumulation of aspartic, glutamic, proline,

histidine, and arginine, since these amino acids
reached their maximum increasing under the

highest saline concentration (16%) whereas,
tyrosine and lysine were increased at salinity level
(8% ppm) compared to that of the control. On the
other hand, all other rest amino acids were lowered
by various salinity levels. In general, data in table 4

indicated that all amino acids were increased by
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spraying the plants with aspartic acid or glutathione
under non saline or saline conditions compared
with control. In addition, under 4 and 8% of saline
condition, the treatment of AA or GIT increased all
amino acids content particularly the contents of
aspartic, glutamic acid, proline and arginine while
the concentration of 16% of saline condition caused

decreasing in amino acids content compared with

control.
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Figure 1 (a, b): Effect of foliar spraying with aspartic acid and/or glutathione on peroxidase activity of shoots
and roots of tomato plants grown under saline conditions. Bars represent the means + standard

deviation.
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Figure 2 (a, b): Effect of foliar spraying with aspartic acid and/or glutathione on catalase activity of shoots and

roots of tomato plants grown under saline conditions. Bars represent standard the means *

standard deviation.
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Figure 3 (a, b): Effect of foliar spraying with aspartic acid and/or glutathione on polyphenol-oxidase activity of
shoots and roots of tomato plants grown under saline conditions. Bars represent the means +
standard deviation.
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Figure 4 Protein Profile on SDS-PAGE of the leaves of tomato plants as influenced by foliar spraying with
aspartic acid or glutathione and grown under salinity stress. Where: (M)= Marker protein ; (1) =
Control; (2) =4% SW ; (3) =8% SW ; (4) = 16% SW ; (5) = AA + Tp; (6) = AA+ 4% SW ; (7) = AA+ 8% SW
;(8)=AA+16% SW; (9) =GIT +Tp; (10) =GIT + 4% SW ; (11) = GIT + 8% SW ; (12) = GIT + 16% SW .
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Figure 5 Transverse sections of stem of tomato plants; (a) transverse section of the entire stem of the control
(Tap water) plants showing the arrangement of vascular bundles and other stem tissues (X40). (b)
transverse section of stem of plants treated with 4% of diluted sea water (X40). (c) transverse
section of stem of plants treated with 8% of diluted seawater (X40). (d) transverse section of stem of
plants treated with 16% of diluted seawater (X40). (e) epidermis, (c) cortex, (x) xylem, (Pi) pith.

Figure 6 Transverse sections of stem of tomato plants; (a) transverse section of the entire stem of plants
treated with aspartic acid +Tap water (X40). (b) transverse section of stem of plants treated with
aspartic acid + 4% of diluted seawater (X40). (c) transverse section of stem of plants treated with
aspartic acid + 8% of diluted seawater (X40). (d) transverse section of stem of plants treated with
aspartic acid + 16% of diluted seawater (X40). (e) epidermis, (c) cortex, (x) xylem, (Pi) pith, (adv)
adventitious root.
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Figure 7 Transverse sections of stem of tomato plants; (a) transverse section of the entire stem of plants
treated with glutathione +Tap water (X40). (b) transverse section of stem of plants treated with
glutathione + 4% of diluted seawater (X40). (c) transverse section of stem of plants treated with
glutathione + 8% of diluted seawater (X40). (d) transverse section of stem of plants treated with
glutathione + 16% of diluted seawater (X40). (e) epidermis, (c) cortex, (x) xylem, (Pi) pith, (adv)
adventitious root.

Table 1. Effect of foliar spraying with aspartic acid and/or glutathione on growth parameters of tomato plants
irrigated with different concentrations of diluted seawater.

Pl?nt Root No. of Leaf area Fresh Wight (g) Dry weight (g)
Treatments height length leaves/ (cm?)
(cm) (cm) plant Shoots Roots Shoots Roots
Tp (Control) 31.0° 20.80 8.0« 8168 28.68 ¢ 4.31¢ 2.86° 057°%
4% SW 33.10*  21.25% 8.5 bede 88.3" 29.35 ¢ 6.1° 299  0.69°
Sez"s"x;er 8% SW 2645% 1825%  75°% 706" 2522  439F  164° 04
16% SW 24.50 ¢ 16.75° 7.0° 69.4" 19.35" 4.15¢ 1.64° 0.35°
AA +Tp 3520 22.3 b 9.5 ¢ 101.2 ¢ 31.05% 7.55¢ 3.24 " 0.89°¢
Aspartic AA+ 4% SW 37.00* 25.00° 10.0* 135.7° 37 10.87 * 36 1.39°
acid

(AA) AA + 8% SW 37.65* 28.95% 10.5° 142.6° 38.8° 11.33° 3.97° 1.42°
AA+16 % SW 3255  22,00°% 8.0« 105.1¢ 30.22% 5.87f 2.96¢ 0.59 ¢
GIT +Tp 35.00 * 22.00% 9.0 97.5°¢ 30.91°¢ 6.56 ¢ 3.16 0.76¢
a bc abc d cd c abc b

Glutathione  CIT +4% SW 36.00 24.45 9.5 119.1 33.71 9.48 331 1.11
(GIT) GIT + 8% SW 36.20*° 25.00° 10.0* 130.5°¢ 35.93 10.62° 3.47*  1.26%

GIT +16% SW 26.80 * 19.0 <" 8.0 724" 25.93¢ 4.67¢ 1.77¢ 0.43

Tp = Tap water. Data are reported as means (n=5). Means were separated by Duncan’s multiple range tests, different
letters indicate a significant difference at P < 0.05.
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Table 2. Effect of foliar spraying with aspartic acid and/or glutathione on anthocyanin, a-tocopherol and
ascorbic acid contents of tomato plants irrigated with different concentrations of diluted seawater.

Anth . a-tocopherol Ascorbic acid
Treatments (;Tlt\/l (;Clylf\r;\'/;] (ug g FW) (ug g FW)
Shoots Roots Shoots Roots

Tp (Control) 0.18+0.01° 71.13£0.79' 13.78+0.55¢' 13.10+0.48% 3.86+0.25°
Seawater 4 % SW 0.21+0.01°« 79.81i1.12'f 14.91+0.71°%f 14.65+0.56% 4.00+0.40°
(SW) 8 % SW 0.18+0.01°%f 65.77+0.80 13.11+1.05¢ 14.00+0.65% 3.92+0.8°
16 % SW 0.14+0.00f 61.13+0.87" 12.70+0.97° 10.1740.74¢ 3.24+0.56°

pspartic AA+Tp 0.22:0.01°®  105.11+0.96° 16.58+0.42"¢ 16.54+0.78™ 5.00+1.0°
acid AA+ 4 % SW 0.29+0.01° 127.9+1.34° 18.70+0.71%° 19.23+1.23* 6.81+0.39%"
(AA) AA + 8 % SW 0.33+0.01° 138.26+1.78° 19.77+0.84° 22.01+2.0° 7.53+0.53°
AA+ 16 % SW 0.19+0.03% 93.05+1.14f 15.52+0.59¢ 15.21+1.04% 4.81+0.6%¢
GIT+Tp 0.21+0.02° 87.54+0.87° 15.30+0.68% 14.33+0.8% 4.27+0.09%
Glutathione GIT + 4% SW 0.23+0.01" 111.49+0.61¢ 17.80+1.56°* 18.78+2.17* 5.96+0.85**
(GIT) GIT + 8% SW 0.24+0.01° 121.18+0.82° 18.91+0.81% 19.32+1.10® 6.2240.77%¢
GIT +16% SW 0.15+0.02° 70.03+1.02' 13.78+1.42° 13.00+0.4% 3.11+0.79'

Tp = Tap water. Data are reported as means (n=3). Means were separated by Duncan’s multiple range tests, different
letters indicate a significant difference at P < 0.05.

Table 3. Effect of foliar spraying with aspartic acid and glutathione on electrophoretic pattern of the leaves of
tomato plants irrigated with different concentrations of diluted sea water.

Tap Concentrations of SW Aspartic acid + SW Glutathione + SW
M. W. (kDa) wate Asp+ GlT+
) 4% 8% 16% Tp 4% 8% 16% Tp 4% 8% 16%
355 + + + + + + + + + + +
296 + + + + +
202 + + +
164.17 + + + + + +
132.19 + + + + + + + +
106.44 + + + + +
90.05 + + + + + + +
77.40 + + + + +
62.51 + + + + + + + + + + +
54.12 + + + + + + + + + + +
48.06 + + + + + + + + + + +
44.39 + + + + + + + +
42.11 + + + + + +
39.25 + + + + + + + + + + + +
37.26 + + + + + + + + + +
35.08 + + + + + + + +
33.68 + + + + + + + + + + +
31.95 + + + + + + + + + + +
30.21 + + + + + + + + + + +
28.50 + + + + + + + + + + +
27.20 + + + + + + + + + + + +
2591 + + + + + + + + + + +
24.83 + + + + + + + + + + + +
22.98 + + + + + + + + + +
21.84 + + + + + +
19.28 + + + + + + + + + + +
19.52 + + + + + + + + + + +
17.96 + + +
16.61 + + + + + + + + + + +
14.60 + + + + + + + + + + + +
10.16 + + + + + + + + + + + +
7.26 + + + + + + + + + + + +
TotalNo. 5, 5 25 26 26 25 26 22 24 26 27 25
of bands
No. of new bands 6 8 7 9 8 9 5 5 6 9 8
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Table 4. Effect of foliar spraying with aspartic acid and/or glutathione on amino acids content of tomato plants

irrigated with different concentrations of diluted seawater.

Major Tap Concentrations of SW Tp+ Aspartic acid + SW Tp+ Glutathione + SW
components water AA GIT
(ng/mL) 4% 8% 16% 4% 8% 16% 4% 8% 16%

Aspartic 13.15 13,52 1453 16.14 17.74 31.16 44.67 15.85 16.74 2941 38.65 14.32
Threonine 5.07 3.78 241 1.37 6.02 7.23 10.03 5.18 5.62 6.51 9.85 571
Glutamicacid 19.51 25.41 28.52 31.94 2531 41.94 5421 4038 33.62 4125 4831 2021

Proline 3.37 18116 26.72 29.12 1451 25.31 3461 17.65 1131 23.62 2861 7.65
Glycine 5.08 4.46 5.02 4.11 5.66 13.31 15.78 5.18 6.23 1096 13.21 4.44
Alanine 5.40 4.38 5.10 3.52 5.02 10.62 14.90 4.64 4.91 935 1261 4.21
Cystine -- - -- 0.0081 0.0048 0.0011 0.0041 0.0014 0.0032 0.0043 0.005 0.0012

Methionine 231 1.70 1.35 1.12 341 4.31 6.31 2.98 406 462 524 3.90
Isoleucine 3.57 2.93 3.15 1.96 4.15 5.30 6.45 3.25 396 482 621 314

Leucine 5.12 5.16 5.11 4.42 6.13 10.23 15.62 4.61 6.41 8.76 13.58 3.92
Tyrosine 2.32 5.00 8.10 3.67 8.5 3.21 10.21 1.93 7.3 415 9.25 1.14
Phenyl-alanine  6.21 3.69 5.31 4.27 531 10.21 13.21 4.32 4.35 8.65 11.45 4.06
Histidine 6.10 7.34 7.91 7.13 5.23 11.42 18.65 531 4.61 896 1532 4.97
lysine 5.17 5.46 7.23 6.34 7.08 11.21 16.37 4.13 5,54 10.53 14.14 3.81
Arginine 5.67 6.06 9.61 1194 9.52 19.43 2231 1232 893 9.41 18.51 10.61
Serine 4.75 2.96 4.12 3.54 7.94 8.21 16.67 4.13 6.95 7.63 13.85 3.72
Valine 0.86 0.81 0.86 0.03 241 7.93 8.87 0.75 213 6.52 710 071

Table 5. Counts and measurements (in microns) of certain histological features in transverse section through
the stem of tomato plant treated with aspartic acid and/or glutathione and grown under different
concentrations of diluted seawater.

. . L Cortex Xylem tissue

Treatments Stem diameter Epidermis thick. thick. thick.

Tap water (Control) 3475.00 12.00 310.80 145.00

4 % SW 3581.50 12.5 350.25 160.00

Sef‘s"’\‘;j)ter 8% SW 3187.00 11.00 250.50 125.00

16 % SW 3050.00 10.25 225.90 110.50

AA+Tp 3940.5 13.00 430.25 187.50

ASF’?Q“C AA+ 4 % SW 4125.00 14.00 470.50 250.00

acl

(AA) AA +8 % SW 4200.00 14.75 480.00 280.00

AA+ 16 % SW 3825.00 13.00 410.00 170.50

GIT+Tp 3662.00 13.00 400.00 165.00

Glutathione GIT + 4% SW 4050.00 13.50 450.90 225.00

(GIT) GIT + 8% SW 4125.00 14.00 462.50 225.00

GIT +16% SW 3250.00 11.30 285.20 138.50
Amino acids represent one of the important chemical basis necessary for life and have a many of
classes of metabolites in the cell because they are roles in metabolism. Asparagine in particular
the building blocks of proteins, which form the functions as osmolyte to balance water potential
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within the cells, especially when nitrogen
availability exceeds the need for growth. Moreover,
total amino acid content in mung bean seeds found
to be adversely affected due to salinity effect
(Hassanein et al, 2008). Amino acids such as
proline, asparagines and aminobutyric acid, play an
important role in the osmotic adjustment of the
plant under saline conditions (El-Bassiouny and
Bakheta, 2005). The accumulation in amino acids in
plants exposed to stress probably attributed to the
disturbance in amino acid metabolism (Hemmat,
2007). The impaired plant health results in
ammonia accumulation during the stress period and
that the detoxification process by which excess
ammonium in the cells is removed, results in the
accumulation of nitrogen containing compounds
such as glutamine, arginine and proline (El-
Bassiouny, 2008). Hassanein et al. (2008) indicated
that arginine was the effective compound in
increasing proline, total amino acid and protein
contents of wheat plants under normal or stressed
condition. Glutathione significantly enhanced the
stimulatory role of slat stress on the production of
free amino acid in cv. Pactol green plants (El-

Bassiouny, 2008).

Anatomical changes: The results of the effects of
aspartic acid and / or glutathione application at all
the used levels of salinity were represented in table
(5) and figs (5-7). Salt stress decreased the stem
diameter, epidermis cell size, cortex zone thickness,
number of xylem vessels in plants irrigated with the
highest concentration of seawater (16%) in
comparison with the control plants. On the other
hand, spraying the plants with aspartic acid or
glutathione increased stem diameter, epidermis cell
size, numbers of xylem vessels in comparison with
the control plants. Moreover, application of aspartic

acid and / or glutathione at all different levels of

salinity often caused obvious increase in the
mentioned characters and the appearance of some
adventitious roots, which observed only by using
these amino acids accompanied by exposure the
plants to salinity levels. Since these adventitious
roots were, absent in either control plants or in
plants treated with salinity only. Thus, amino acids
treatment was mostly determined to have a
successful performance in ameliorating of the
inhibitory effects of salinity on stem anatomy of

tomato plants.

The changes in stem anatomy of tomato plants
caused by salinity stress appeared as a results of
osmotic effect and the difficulty of water uptake
from the saline soil. Reducing effects of salt stress
on stem diameter (Pimmongkol et al., 2002),
epidermis cell width, cortex zone thickness and

xylem width were reported previously.

The increase in stem diameter, epidermis cell
width, cortex zone thickness and the number of
xylem vessels which induced by using aspartic acid
or glutathione indicate that salt stress on the stems
of tomato may be reduced by using of these
antioxidants. The mentioned large cells of the stems
of salinized plants treated with aspartic acid or
glutathione may results from increased cell wall
extensibility together with higher turgor pressures
(Munns and Termaat, 1986). The results indicated
that the loosening of the cell wall under turgor
pressure initiates cell expansion followed by water
and solute uptake, the cell expansion is an
expression of water uptake and cell wall extension
(Boyer, 2001). It was reported that salinity affects
synthesis of carbohydrates as well as transport of
photosynthetic products and their utilization in the
formation of new tissues. The observations revealed
that cortex zone thickness and epidermis cell width

increased under saline conditions by treating the
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plants with aspartic acid or glutathione. These
results could fit with those obtained by Ali (2001)
who found that application of ascorbic acid
(antioxidant) at different concentrations (200, 400
or 600 ppm) on two cultivars of tomato induced
anatomical changes in the stem of both the two
cultivars. He also indicated that application of
ascorbic acid at 200 or 400 ppm increased stem
diameter and cortical layer thickness. The presence
of some adventitious roots which produced from
the stem in plants treated with amino acids and
grown under saline conditions confirm that these
amino acids increase the tolerance capacity of
plants to overcome the saline conditions by
increasing their ability to absorb more amounts of

water.
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