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ABSTRACT 
 
This study aimed to explain the influence of Ascorbic acid (ASA), Gibberellic Acid (GA3) and 
Moringa oleifera Leaf Extract (MLE) for alleviating salinity stress by enhancing antioxidant 
enzymatic activity as follow: Super Oxide Dismutase (SOD), Catalase (CAT), Ascorbate Peroxidase 
(APX), and Glutathione Reductase (GR); nitrogenous components (proline and total amino acids) 
and some inorganic mineral nutrient elements in two tomato cultivars, cv. Cobra (resistant) and cv. 
Newton (sensitive) under salinity stress. Germination tomato seeds after soaking in ASA (0.75 mM); 
GA3 (0.05 mM) and MLE (5%), transplanted to plastic containers containing a mixture of sand/peat-
moss (1:2). The tomato seeds for both cultivars watering using distilled water until the true leaf 
appearance then irrigated with NaCl salinity concentrations (0.0, 50, 100, 150, 200 mM) alternative 
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with Hoagland nutrient solution. The experiment was carried out under greenhouse conditions with 
temperature 18

o
C±1

o
C (night) & 22

o
C±2

°
C (day) and relative humidity varied between 60 - 70%. 

Overall, the results indicated that the organic and inorganic components in tomato plants for both 
cultivars increased significantly in the present of ASA, GA3 and MLE under salinity stress 
respectively compared with control, there by reduces the harmful effects of salinity and increases 
resistance to salinity stress more than in the absent of ASA, GA3 and MLE. The data provide 
strong support to the hypothesis that exogenous application of ASA, GA3 and MLE reduced the 
harmful effects of NaCl concentrations and increases resistance to salinity in cv. Cobra and cv. 
Newton respectively. The evident recorded a significantly increased the antioxidant enzymes 
activity, proline, total amino acids and inorganic macro-mineral nutrient elements (N

+3
, P

+3
, K

+
, Ca

+2 

& Mg+2) and micro-nutrient mineral elements (Mn+2, Fe+3 & B+2) but after soaked the seeds in ASA, 
GA3 and MLE, these components tended to increase more compared with the control. Whereas, 
the tomato seeds soaked before planting in ASA, GA3 and MLE which leads to remarkably 
increasing more for all antioxidant enzymatic activity, nitrogenous components and inorganic 
mineral nutrient elements contents respectively. The relationship between compatible solutes 
(osmolytes) here are the strategies that plants have developed to tolerate salt stress and produced 
new strains adapted to salinity stress. 
 

 
Keywords: Ascorbic acid; gibberellic acid; Moringa oleifera; proline; enzyme; salinity stress; 

Lycopersicon esculentum; antioxidant enzymes super oxide dismutase; catalase; 
Ascorbate Peroxidase; glutathione reductase; elements. 

 

ABBREVIATIONS 
 
ASA : Ascorbic acid 
GA3 : Gibberellic Acid 
MLE : Moringa Leaf Extract 
SOD : Super Oxide Dismutase 
CAT : Catalase 
APX : Ascorbate Peroxidase 
GR : Glutathione Reductase 
ROS : Reactive oxygen species 

 
1. INTRODUCTION 
 
Salinity is the accumulation of excessive salt 
contents in the soil which eventually results in the 
inhibition of crop growth and leads to crop 
destruction. Millions of hectares of land, 
throughout the world, are too saline to produce 
economic crop yields and land becomes more 
unproductive each year as a result of salt 
accumulation. Agriculture plays a pioneering role 
in economic development in most countries, 
especially in Saudi Arabia ]1[ . Abiotic stress 
includes all of the high salinity; drought, extreme 
temperatures and oxidative stress due to 
chemical toxicity are key points that affect crop 
yield by affecting plant growth and productivity. 
Salinity is one of the important constraints and 
better understanding of the mechanisms that 
enable plants to adapt to salinity stress and 
maintain growth will ultimately help in the 
selection of stress tolerant cultivars for exploiting 
saline soils ]2[ . Salinity is one of the most 
important abiotic stress factors that limit plant 

growth, photosynthesis, and productivity ]3[ . As 
with other development processes, the various 
techniques that plants use to counter the adverse 
effects of abiotic stress require the arrangement 
of complex hormone signaling pathways to 
activate the acclimatization of plants to stress 
conditions ]4[ . 
 
Ascorbic Acid (ASA) is one of the most powerful 
antioxidants, adding ascorbic acid (vitamin C) to 
involve in many physiological processes in 
plants. It has an essential function in the defense 
against plant antioxidants, in the elongation and 
cell division as well as in the optimization of 
photosynthesis [5]. El Sayed et al. [6] have 
shown that ascorbic acid (ASA) is one of the 
most powerful antioxidants. Adding ascorbic acid 
(vitamin C) to the tomato seedling could reduce 
the synthesis of active oxygen species and 
thereby increase resistance to salt stress. 
Ascorbic acid (ASA) is associated with 
chloroplasts and plays a role in improving the 
oxidative stress of photosynthesis. Ascorbic acid 
(ASA) has many of other roles in cell division and 
protein modification. El Sayed et al. [6-7] 
reported that exogenous application of ascorbic 
acid mitigated the dangerous effect of salinity on 
tomato plants and increased the growth, yield 
macro and micronutrients of tomato plants and 
an improvement in fruit quality.  

 
Gibberellic Acid (GA3) are plant hormones that 
are associated with various plant growth and 
development processes [8-9]. Maggio et al., [10] 
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said that gibberellins (GA3) play a central role in 
heavy metal detoxification and tolerance to salt 
stress by improving the activity of antioxidant 
enzymes and preventing lipid peroxidation. Miceli 
et al. [11] confirmed that gibberellins (GAs) are 
growth hormones that contribute greatly to a 
variety of physiological activities. Akhtar et al. 
[12] found that the use of gibberellin as a leaf 
sprays increased the accumulation of proline, the 
potassium content under salt stress.  
 

Moringa oleifera, L. plants has been reported to 
be a rich source of many minerals such as Ca, P, 
Na, Mg, K, Fe and others that can be valorized 
for nutrition balance in plants[13]. Moringa 
oleifera extract is an ability to improve plant 
development because it is rich in amino acids, 
phenols and essential elements [14]. Moringa 
oleifera really shows a talent for nature and a 
“miracle plant” with incalculable advantages that 
can be used to improve plants that grow under 
biotic stress. Moringa oleifera leaf extract (MLE) 
has an antimicrobial and antioxidant effect and 
can be used in the food processing and 
packaging industries [15]. Moringa's leaves have 
several macro elements such as Mg& Ca which 
leads to an increase in the activity of antioxidants 
[16]. Abd El-Rahman and Mohamed [17] stated 
that Moringa oleifera leaf extraction contains 
plant growth regulators, antioxidants, certain 
nutrients, and organic and inorganic chemicals 
that were used to promote plant growth and 
development to induce biotic and abiotic stress 
tolerance, which leads to a higher tolerance 
economic return.  
 

Due to the importance of Tomato (Solanum 
lycopersicum) plant is widely used as a model 
crop for fruit development but also for diverse 
physiological, cellular, biochemical, molecular 
and genetic studies. It is considered to be the 
most important vegetable crop in the world. 
Tomato plant is a rich source of lycopene and 
vitamins. Lycopene may help to counteract the 
harmful effects of substances called “free 
radicals”, which are thought to contribute to age-
related processes and a number of types of 
cancer, including, but not limited to, those of 
prostate, lung, stomach, pancreas, breast, cervix, 
colorectum, mouth and esophagus [18-19]. 
Tomato cultivars may differ in their sensitivity to 
salinity stress; thus, the selection of salt tolerant 
cultivars may help to improve the performance of 
tomato plants in saline conditions [20]. Tomato 
(Lycopersicon esculentum, L.) plant are 
important sources for important nutritious, 
provide a balanced source of vitamins A, C, and 

E, which are necessary for maintaining good 
human health, it’s also contains folic acid, 
pantothenic acid; Biotin, Vitamin K and inhibitors 
related to Vitamin E [21 -23  ] . 
 
The present study was conducted to assess the 
role of ASA, GA3 and Moringa oleifera Leaves 
Extract (MLE) pre-treatment in alleviating the 
adverse effects of salinity stress by enhancing 
the antioxidant enzymes activity as follow; [Super 
Oxide Dismutase (SOD), Catalase (CAT), 
Ascorbate Peroxidase (APX), and Glutathione 
Reductase (GR)], proline; total amino acids; and 
inorganic macro & micro Mineral nutrient 
elements of tomato cultivars cv. Cobra (resistant) 
and cv. Newton (sensitive) under salinity stress, 
by soaking the seeds before germination for 12 h 
in ASA (0.75 mM), GA3 (0.05 mM) and Moringa 
oleifera Moringa leaves extract (MLE - 5%) then 
cultivated both cultivars under NaCl salinity 
concentrations (0.0, 50, 100, 150 & 200 mM) to 
produce new strains adapted to salinity stress 
and selection of salt tolerant cultivars may help to 
improve the performance of tomato plants in 
saline conditions. 
 

2. MATERIALS AND METHODS 
 

2.1 NaCl Salinity Concentrations 
 
Prepared Molar solution (1M) NaCl 
concentrations, from a molar solution, prepare 
different concentrations of NaCl (0.0, 50, 100, 
150 and 200 mM). 
 

2.2 The Soil Used 
 

The soil used for cultivated tomato plant was the 
ratio between the peat- moss with agricultural 
perlite (agrolite) (3:1) then add sand, as a ration 
(2:1–v: v), in each pot (diameter 16 cm and depth 
of 16 cm), completed by the same size in each pot 
using the ratio from the peat moss/soil sand (2:1-v: 
v). 
 

2.3 Tomato Plant Species and Culture 
Techniques 

 

The plant used in this study is tomato 
(Lycopersicon esculentum, L.) seeds for both 
cultivars (cv. Cobra and cv. Newton) which are 
resistant and sensitive respectively to salinity 
stress. Both cultivars are characterized by its 
earliness, high yield ability, uniform ripening and 
disease tolerance. The tomato seeds obtained 
from Al-Dakhil Agriculture and Trading 
Establishment, and were undertaken in the 
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greenhouse at Al Qassim city, Kingdom of Saudi 
Arabia. 

 
2.4 Nutrient Solutions 
 
The base nutrient solution used was similar to 
that applied by Hoagland and Arnon [24] and was 
composed of: (2.5 x 10

-7
 M KNO3, 5 x 10

-4
 M 

KH2PO4, 2.5 x 10
-5

 M Ca(NO3)2, 10
-3

 M MgSO4). 
A supplementary solution the essential trace 
element was added to the nutrient solution and 
this contained 2.3 x 10-7 M H2BO4, 7x10-8 M 
MnCl2, 7 x 10

-9
 M ZnSO4, 7H2O, 2.5 x 10

-7
 

CuSO4, 5H2O, 6 x 10-9 M (NH4)MoO4 and 1.6 x 
10

-6
 M Ferric Citrate. The solution was held at pH 

6 throughout the experiment alternative with 
salinity different concentrations. 

 
2.5 Ascorbic Acid (ASA -0.75 mM) 
 
Ascorbic acid (ASA - 0.75 mM) obtained from 
Sigma Chemical Company, UK, was initially 
dissolved in a little amount of distilled water and 
the final volume was reached, using distilled 
water. 
 
2.6 Gibberellic Acid (GA3 -0.05 mM) 
 

Gibberellic Acid (0.05mM) obtained from 
Somatco Laboratory Chemicals Company, Saudi 
Arabia, was initially dissolved in a little amount of 
distilled water and the final volume was reached, 
using distilled water.  

 
2.7 Moringa Leaves Extract (MLE)  
 
For preparation of moringa leaves extract take 
one kilogram (1 kg) from moringa leaves (air-
dried under shade for two weeks and grounded 
to reach powder) then mixed with one litre of 
ethyl alcohol (80% aqueous) using a blender. 
The extract was purified by filtering twice through 
(Whatman No. 1) filter paper. After purification 
the extract was subjected to a rotary evaporator 
to fully evaporate the alcohol and get the crude 
extract. The concentrations 5% were prepared by 
take from the crude extract 5 ml and diluted with 
95 ml distilled water for prepare MLE 5% 100 
ml [24]. 
 

2.8 Germination and Transplanting 
Tomato (Lycopersicon esculentum, 
L.) 

 

Selected seeds of tomato (Lycopersicon 
esculentum, L.) plant for two cultivars, (cv. Cobra 

and cv. Newton) intact, homogeneous in size and 
free from wrinkles. Then soaked the seeds for 12 
hours in the dark (1) 1st group, seeds soaked in 
distilled water (control). (2) 2

nd
 group, seeds 

soaked in a solution of ascorbic acid (ASA - 0.75 
mM). (3) 3

rd
 group, seeds soaked in a solution of 

gibberellic acid (GA3 - 0.05 mM). (4) 4
th
 group, 

seeds soaked in Moringa Leaves Extract (MLE - 
5%). After germination (15 days)                
transplanted in pots (diameter 16 cm                   
and depth of 16 cm), each pot containing the 
same volume of washing sandy soil                       
and peat moss, (1: 2 - v: v), under greenhouse 
conditions at temperature of 18

o
C±1

o
C (night) 

22˚C±2˚C (day) and relative humidity                    
varied between 60 - 70% the sand culture 
technique and nutrient solution were                    
similar to those adopted by Hoagland and Arnon 
[25].  

 
2.9 Irrigation System 
 

Irrigation system by using different NaCl salinity 
concentrations (50; 100; 150 and 200 mM), 
alternative with nutrient Hoagland solution. To 
avoid the accumulation of salts in pot and 
improve the growth, using a hand spray for 
irrigation system. The irrigated system was 
applied twice a week (once every two days) by 
400 ml different NaCl concentrations, alternative 
the same amount of water. 

 
2.10 Salinity and Plant Growth 
 

Harvest plants have been growth stages                
started from transplanting the seedling                     
plants the growth stage after 70 days from 
transplanting (84 days). Determined all                
growth parameters by using three replicates for 
each treatment, three plants for each treatment 
were washed with distilled water, blotted 
thoroughly and then divided into root and         
shoot. 

 
2.11  Estimation of Antioxidant Enzymes 

Activity 
 

For Super Oxide Dismutase (SOD), Catalase 
(CAT), Ascorbate Peroxidase (APX), and 
Glutathione Reductase (GR) extraction, leaf 
samples about (0.5 g) were homogenized in 8ml 
of 0.1 M phosphate buffer (pH=7.5) on               
ice bath and each homogenate was centrifuged 
at 4°C in Beckman refrigerated centrifuge for 15 
min at 15000×g. The supernatant was              
used for enzyme activity assay by Esfandiari et al. 
[26]. 
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2.12 Superoxide Dismutase (SOD) 
Activity Enzyme 

 
The plant sample supernatant was used for 
enzyme activity assay according to Esfandiari et 
al. [26] within 12h of extraction. Superoxide 
dismutase (SOD) activity was estimated by 
recording the decrease in absorbance of 
superoxide nitro blue tetrazolium complex by the 
enzyme according to Gupta et al. [27]. 
 

2.13 Catalase (CAT) Activity Enzyme 
 

Extraction of soluble proteins by a frozen sample 
of 0.5 g tomato leaves was homogenized in 8 ml 
of 50 mM cold phosphate buffer at pH 7.5 
modified from Beauchamp and Fridovich [28]. 
The homogenates were centrifuged at 4000 rpm 
for 20 min and the supernatant was used as a 
crude extract for enzymatic assay Catalase (CAT) 
was measured according to Aebi [29].  
 

2.14 Ascorbate Peroxidase (APX) 
Activity Enzyme 

 

Ascorbate peroxidase (APX) activity was 
measured according to Yoshimura et al. [30] by 
monitoring the rate of ascorbate oxidation at 290 
nm. The reaction mixture contained 0.1 ml of 25 
mM phosphate buffer (pH=7), 0.1 ml of 0.1 mM 
Na- ethylenediaminetetra acetic acid (EDTA), 0.1 
ml of 1 mM H2O2, 0.2 of 0.25 mM ASA 0.2 ml of 
the enzyme sample and complete to 3 ml with 
water.  
 

2.15 Glutathione Reductase (GR) Activity 
Enzyme 

 

Glutathione reductase (GR) was assayed by 
recording to increase the absorbance in the 
presence of oxidized glutathione and 5, 5-dithiobis-
2-nitrbenzoic acid. The absorbance at 412 nm 
recorded at 25°C over a period of 5 min on a 
spectrophotometer. For enzyme specific activity = 
R2X100/ R1 according to Sairam [31]. 
 

2.16 Estimation of Proline Content 
 

Proline content was determined calorimetrically 
acid ninhydrin reagent was prepared by warming 
1.25 g ninhydrin in 30 ml glacial acetic acid and 
20 ml 6 M phosphoric acid, with agitation until 
dissolved, at 4°C, the reagent remains stable for 
24 h. The absorbance was read at wavelength 
520 nm using toluene as a blank. The proline 
concentration was determined using a standard 
curve of Proline and calculated on a dry weight 

basis as µg proline/100 g dry weight according to 
the method of Bates et al. [32]. 
 

2.17 Estimation of Total Amino Acid 
Contents 

 
These were determined by the method described 
by Ya and Tunekazu. [33]. An aliquot of 0.1 ml 
plant extract was heated in a test tube with 1.9 
ml of ninhydrin citrate buffer-glycerol mixture in a 
boiling water bath for 12 min and cooled at room 
temperature. Then the tube was well shaken, 
and the optical density read at 570 nm. A blank 
was determined with 0.1 ml of distilled water and 
a standard curve obtained with 0.005 to 0.2 mM 
g Glycine. 
 

2.18 Inorganic Mineral Nutrient Elements 
 
Cation contents of the milled samples were 
estimated following the "wet ashing procedure" of 
the powdered samples as described by Richards 
[34]. The acid digests of the oven dried samples 
were analyzed for potassium, calcium, 
magnesium and determinations. Potassium (K

+
) 

and calcium (Ca
+2

) contents were determined 
photometrically using a corning- 400 flam 
photometer [35-36]. The levels of magnesium 
(Mg+2) and manganese (Mn+2) contents were 
determined using an atomic absorption 
spectrophotometer. The mixed- acid digestion 
method was used in preparing the sample 
solution for determination of element content. 
Phosphorus (P+3) was estimated by the 
Molybdenum-blue method while Nitrogen was 
estimated by the Automatic MicroKjeldahl              
Allen et al. [36] Automatic MicroKjeldahl consists 
of: 
 

1. Digestion system. 
2. Kjeltec distillation system. 

 
Procedure: Take 250 mg oven dry plant 
materials together with a tablet of mercuric 
chloride and 6 ml concentrated H2SO4 were 
placed in tubes in digestion system unit the 
temperature reached 420ºC. After ½ h. the tubes 
were removed, cooled, and 25 ml distilled water 
added. Concentrated NaOH was added to make 
the solution alkaline and then the mixture was 
distilled, volatile nitrogenous, materials being 
trapped in a boric acid solution. The latter was 
subsequently titrated against 0.1 N HCl, using 
universal indicator (end point from blue to pink), 
and the total nitrogen (N

+3
) calculated from the 

equation: 
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Total Nitrogen % =
(��.���� – ��.�����) × �.� × ��.��� 

��.������ (��)
×

100                                                                   (1) 

 
0.1= Normality of acid; 14.007 = Atomic wt. of 
nitrogen. 
 
Iron was determined and the procedure were 
similar to that used in the study by Sharma et al. 
[37], while Boron was determined by the ICP - 
AES technique, measurements being carried out 
after extraction from the ashed milled samples at 
550ºC in a muffle furnace with HCl. The 
equipment involved Phillips PV 8490 Plasma 
Source Unit Linked to a spectraspan III Echelle 
spectrometer controlled by an Apple lle 
microcomputer. The inductively Coupled Plasma 
Atomic Emission Spectrometer technique (ICP-
AES) involves a microcomputer controlled 
inductively coupled plasma emission 
spectrometer. The computer also stores the 
corrected intensity values from the samples and 
then calculates the concentration of analytic with 
reference to the calibration graph. The computer 
finds the best – fit line using least squares 
analysis, it calculates the intensity which should 
occur for each concentration using the specific 
time calculated concentration in ppm described 
by Allen et al. [36]. 
 

1. Measured standards.  

2. Measured Samples. 

3. Calibration Procedure 

 
2.19 Statistical Analysis 
 
Statistical analysis of the data was fed to the 
computer and analyzed using IBM SPSS 
software package version 20.0. For normally 
distributed data, comparison between different 

groups was analyzed using F-test (ANOVA). To 
find the effects between stages, Ascorbic acid, 
Gibberellic Acid (mM), Moringa Leaves Extract 
(%) and NaCl ppm and their interactions two 
ways ANOVA was used. Significance test results 
are quoted as two-tailed probabilities. 
Significance of the obtained results was judged 
at the 5% level [38-39]. 
 

3. RESULTS AND DISCUSSION 
 
3.1 Antioxidant Enzyme Activity 
 
Overall, Data presented in Figs. (1A, B, C & D) and 
Tables (1A, B, C & D) indicated that the Super Oxide 
Dismutase (SOD), Catalase (CAT), Ascorbate 
Peroxidase (APX), Glutathione Reductase (GR) 
(Units/mg protein) antioxidant enzyme activity 
contents increased significantly (P ≤ 0.001) in 
leaves of tomato plant for both cultivars with 
increasing NaCl salinity concentrations (50, 100, 
150 & 200 mM NaCl) in the presence or absence 
of ASA (0.75 mM),  GA3 (0.05 mM)  and MLE 
(5%) compared with control. The role of ASA on 
tomato plant for both cultivars have been 
alleviated the effect of salinity on the antioxidant 
enzyme activities in leaves more than GA3 and 
MLE except the APX enzyme decreased with 
increase salinity concentration (200 mM NaCl) 
with cv. Newton compared with control. The 
antioxidant enzyme activates increased 
significantly (p ≤ 0.001) more in cv. Cobra than in 
cv. Newton especially in the present of ASA 
more than with GA3 and MLE compared with 
control. Overall the statistical analysis indicated 
that the two ways analysis of variance (ANOVA) 
between different concentrations of salinity stress  
ASA, GA3 and MLE in two tomato cultivars 
indicated that the F test and LSD test highly 
significant at P ≤ 0.001.  

 

 
 
Fig. (1A). Influence of ASA, GA3 and MLE on Super Oxide Dismutase Activity (SOD- units/mg. 
protein) contents in shoot of tomato (Lycopersicon esculentum, L. cv. Cobra & cv. Newton) 

under salinity stress 
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Table (1A). Statistical analysis for influence of ASA, GA3 and MLE on super oxide dismutase 
activity (SOD- units/mg. protein) contents in shoot of tomato (Lycopersicon esculentum, L. cv. 

Cobra & cv. Newton) under salinity stress 
 

NaCl Conc. (mM) 
 
Statistical Analysis 
(ANOVA) 

Super Oxide Dismutase (SOD) Activities (Units/mg protein) 
cv. Cobra  cv. Newton 
H2O ASA GA3 MLE H2O ASA GA3 MLE 

F 61.853* 70.755* 78.104* 70.248* 46.945* 67.653* 40.183* 65.233* 
p <0.001

*
 <0.001

*
 <0.001

*
 <0.001

*
 <0.001

*
 <0.001

*
 <0.001

*
 <0.001

*
 

LSD 2.677 3.004 2.560 2.972 3.123 3.152 3.785 3.059 
 

 
 

Fig. (1B). Influence of ASA, GA3 and MLE on catalase enzyme activity (CAT- units/mg. protein) 
contents in shoot of tomato (Lycopersicon esculentum, L. cv. Cobra & cv. Newton) under 

salinity stress 
 

Table (1B). Statistical analysis for influence of ASA, GA3 and MLE on catalase enzyme activity 
(CAT- units/mg. protein) contents in shoot of tomato (Lycopersicon esculentum, L. cv. Cobra & 

cv. Newton) under salinity stress 
 

NaCl Conc. (mM) 
 
Statistical Analysis 
(ANOVA) 

Ascorbate Peroxidase (APX) Activities (Units/mg protein) 
cv. Cobra cv. Newton 
H2O ASA GA3 MLE H2O ASA GA3 MLE 

F 19.090
*
 14.222

*
 41.515

*
 34.263

*
 9.804

*
 10.009

*
 10.820

*
 19.212

*
 

p <0.001
*
 <0.001

*
 <0.001

*
 <0.001

*
 <0.002

*
 <0.002

*
 <0.001

*
 <0.001

*
 

LSD 2.964 5.441 2.920 3.394 5.117 6.724 5.667 5.911 
 
Radical protective mechanisms are enzymatic 
antioxidant system that includes the superoxide 
dismutase found in various cell compartments; 
Catalyzes enzymes are a conversion from two 
O2

-
 radicals to H2O2 and O2 by converting it to be 

water [40-41]. Moreover, there remain some 
important enzyme systems that play the 
important role in ROS scavenging by working 
around ascorbate-glutathione cycle such as 
glutathione reductase [42]. Plants that are 
exposed to high salinity condition can be 
stressed with reactive oxygen species (ROS) 
such as superoxide (O2

-
), hydrogen peroxide 

(H2O2) and hydroxyl radicals (OH-). These 
existed ROSs have much ability to harm plant 
tissues due to their highly reactive properties 
[43]. Naturally, some plants can develop several 
protective mechanisms that can effectively 

eliminate or reduce the ROSs at different stress 
induced deterioration levels and the ability has 
been known to be varied in species and varieties 
[44].  
 
Khalid and Aftab [45] reported that the 
Antioxidant enzymes were superoxide dismutase 
(SOD) activities was recorded after 30 d. from 
grown Solanum tuberosum, L. under salt stress 
were increased with GA3 under NaCl stress, 
therefore, the exogenous application of GA3 
played a positive role and significantly affected of 
the biochemical parameters. Superoxide 
dismutase (SOD) activities tended to be 
increased at low, dropped at medium and turned 
back again at high salt concentration, this 
phenomenon can be simply explained by 
enzyme optimum that the salt concentrations 
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within activity decrease range may be out of 
enzyme’s optimal margins [46].  
 
Glutathione Reductase (GR) found in 
chloroplasts as well as in mitochondria and 
cytoplasm, GR catalyzes the rate limiting last 
step of ascorbate-glutathione pathway. Salt 
stress caused an increase in GR activity and the 
elevated levels of GR activity perhaps could 
increase the ratio of NADP+/ NADPH [47]. Baisak 

et al. [48 showed that Increase in the glutathione 
reductase activity in plants resulted in the 
accumulation of glutathione levels and ultimately 
confers the tolerance of plants. Ascorbate 
Peroxidase (APX) in Plant are widely distributed 
in all higher plants and one of its main functions 
is connected with its role as a part of the defense 
enzyme complex in the cells, ensuring the 
detoxification of the activated oxygen forms. This 
function is very important in the formation of the 

 

 
 

Fig. (1C). Influence of ASA, GA3 and MLE on Ascorbate Peroxidase Activities (APX - units/mg. 
protein) Contents in Shoot of Tomato (Lycopersicon esculentum, L. cv. Cobra & cv. Newton) 

Under Salinity Stress 

 
Table (1C) Statistical Analysis for Influence of ASA, GA3 and MLE on Ascorbate Peroxidase 

Activities (APX - units/mg. protein) Contents in Shoot of Tomato (Lycopersicon esculentum, L. 
cv. Cobra & cv. Newton) Under Salinity Stress 

 
NaCl Conc. (mM) 

 
Statistical Analysis 
(ANOVA) 

Catalase (CAT) Activities (Units/mg protein)  
cv. Cobra cv. Newton 
H2O ASA GA3 MLE H2O ASA GA3 MLE 

F 23.413
*
 50.086

*
 21.909

*
 44.629

*
 9.437

*
 12.376

*
 15.649

*
 8.068

*
 

p <0.001* <0.001* <0.001* <0.001* <0.002* <0.001* <0.001* <0.004* 
LSD 2.914 3.114 3.174 3.041 4.722 6.314 5.265 5.655 

 

 
 

Fig. (1D). Influence of ASA, GA3 and MLE on glutathione reductase activities (GR - units/mg. 
protein) contents in shoot of tomato (Lycopersicon esculentum, L. cv. Cobra & cv. Newton) 

under salinity stress 
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Table (1D). Statistical analysis for influence of ASA, GA3 and MLE on glutathione reductase 
activities (GR - units/mg. protein) contents in shoot of tomato (Lycopersicon esculentum, L. 

cv. Cobra & cv. Newton) under salinity stress 
 

NaCl Conc. (mM) 
  
 Statistical Analysis 
(ANOVA) 

Glutathione Reductase (GR) Activities (Units/mg protein) 
cv. Cobra cv. Newton 
H2O ASA GA3 MLE H2O ASA GA3 MLE 

F 33.852* 23.065* 56.585* 2.194 10.829* 14.167* 7.748* 8.337* 
p <0.001

*
 <0.001

*
 <0.001

*
 <0.143 <0.001

*
 <0.001

*
 <0.004

*
 <0.003

*
 

LSD 2.692 4.585 2.291 13.064 5.280 5.680 7.091 6.380 
 
metabolic response of plants to different stress 
factors; APXs protect cells against                               
harmful concentration of hydro peroxides [49]. It 
has been reported that elevated antioxidant 
levels could be associated with salt tolerance of 
plants [50]. Plant Ascorbate Peroxidase has 
attracted industrial attention due to their 
usefulness in multiple applications including 
clinical diagnosis and laboratory experiments 
[51].  
 

The changes in CAT activity depend on the 
species, the development and metabolic state of 
the plant, as well as on the duration and intensity 
of the stress [52]. Catalase (CAT) which is 
involved in the degradation of hydrogen peroxide 
into water and oxygen is the most effective 
antioxidant enzymes in preventing oxidative 
damage, CAT activity profiles against different 
NaCl concentrations exhibited the same trend as 
what SOD was and the assumptions of changed 
patterns can be explained in the same way. 
Increased CAT activities under salinity stress in 
Cassia angustifolia L. [53], maize [54], Sesamum 
indicum [55] and wheat [56] were similar to our 
finding and depend on salt tolerance potential of 
plant’s varieties. Studies have suggested that 
peroxidases played a role in auxin metabolism, 
lignification, suberization, cross-linking of cell 
wall components, self-defense against 
pathogens and senescence [57-58]. 
 

3.2 Nitrogenous Organic Components 
 

3.2.1 Proline contents (µg/100g Dry Weight) 
 

Overall, the proline contents in shoot and root of 
tomato plant for both cultivars increased highly 
significant at (p ≤ 0.001), with increasing NaCl 
salinity concentrations in the presence or absence 
of ASA, GA3 and MLE, also, proline contents 
increased significantly (p ≤ 0.001) in shoot more 
than roots for both cultivars compared with control 
as shown in Fig. (2) & Table (2). The results 
shown that the impact of ASA on the proline 
contents in shoot tended to increased highly 

significantly (p ≤ 0.001) for cv. Cobra under NaCl 
salinity compared with GA3 and MLE. While, the 
role of ASA has been alleviated the effect of 
salinity on tomato plant for both cultivars by 
increasing proline contents in shoot and root more 
than with GA3 and MLE compared with control. 
So, the all of these results it has been found that 
the proline contents in shoot and root increased 
significantly (p ≤ 0.001) more in cv. Cobra than in 
cv. Newton especially in the present of ASA, GA3 
the MLE respectively compared with control. 
Overall the statistical analysis indicated that the 
two ways analysis of variance (ANOVA) between 
different concentrations of salinity stress, ASA, 
GA3 and MLE in two tomato cultivars indicated 
that the F test and LSD test highly significant at P 
≤ 0.001. Proline is an important component which 
helps reduce the deleterious effects of stressors 
and accelerate recovery processes during the 
period after exposure to stress on wheat plants 
[59]. Proline has been reported to reduce NaCl-
induced stress by increasing Rubisco's 
oxygenase and carboxylase activities [60]. 
Therefore, the accumulation of proline content to 
protect plants from free radical damage by 
deleting the oxygen single [61]. Proline 
accumulation is one of the many adaptations of 
plants to salinity stress [62-63]. It has also been 
widely advocated that proline accumulation can 
be used as a selective parameter for salt stress 
tolerance [64]. 
 
Kaur and Asthir [65] they said that the proline is a 
cyclic, low molecular weight amino acid among 
the major compatible solutes and is known to 
enable osmotic adjustments in plants under 
stressful environments. Increasing salt levels 
reduced significantly enzyme activity and 
antioxidant activity as well, photosynthesis, has a 
significant impact on the quantity and quality of 
tomato yield by influenced enzyme activity, 
increased ROC release and the formation of 
antioxidants in tolerant genotype, also, the 
morpho-physiological properties were 
significantly reduced [66-68]. 
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Fig. (2). Influence of ASA, GA3 and MLE on proline (mg/100g D. Wt.) contents in shoot and root 

of tomato (Lycopersicon esculentum, L. cv. Cobra & cv. Newton) under salinity stress 
 

Table (2). Statistical analysis for influence of ASA, GA3 and MLE on Proline (mg/100g D. Wt.) 
contents in shoot and root of tomato (Lycopersicon esculentum, L. cv. Cobra & cv. Newton) 

under salinity stress 
 

NaCl Conc. (mM) 
Statistical 
Analysis (ANOVA) 

Proline (mg/100g D. Wt.) 
cv. Cobra cv. Newton 
H2O ASA GA3 MLE H2O ASA GA3 MLE 

Shoot 
F 43.069

*
 157.551

*
 260.696

*
 238.510

*
 48.624

*
 111.802

*
 

129.898
*
 

311.963
*
 

p <0.001* <0.001* <0.001* <0.001* <0.001* <0.001* <0.001* <0.001* 
LSD 3.852 4.163 3.236 3.196 5.546 5.124 4.920 3.327 
Root 
F 94.212

*
 133.604* 46.403

*
 260.199

*
 9.529

*
 38.247

*
 47.614

*
 74.061

*
 

p <0.001
*
 <0.001

*
 <0.001

*
 <0.001

*
 0.002

*
 <0.001

*
 <0.001

*
 <0.001

*
 

LSD 2.125 2.982 5.060 2.947 5.241 4.605 4.775 3.930 
 
3.2.2 Total amino acids contents (mg/100g 

Dry Weight) 
 

Total amino acid contents (mg/100g. D. Wt.) in 
shoot and root tomato plant for both cultivars 
increased progressively with increasing NaCl 
salinity, also total amino acids Contents 
increased in the present of ASA, MLE &GA3 
respectively compared with control as shown in 
Fig. (3) & Table (3). Overall, total amino acid 
contents of tomato plant shoot and root 
increased significantly (p ≤ 0.001) with increasing 
NaCl salinity concentrations. Overall the 
statistical analysis indicated that the two ways 
analysis of variance (ANOVA) between different 
concentrations of salinity stress, ASA,  GA3 and 
MLE in two tomato cultivars indicated that the F 
test and LSD test highly significant at P ≤ 0.001. 

The accumulation of osmolytes, especially which 
of proline, is a common phenomenon in plants. 
Besides its role as an osmolyte, proline 
contributes to scavenging reactive oxygen 
species (ROS), stabilizing subcellular structures, 
modulating cell redox homeostasis, supplying 
energy and functioning as a signal [69].  
 

Although proline accumulation is a common 
response to salt stress in tomato, the extent of its 
accumulation varies between tolerant and 
sensitive genotypes. Indeed, our findings 
revealed that proline accumulation increases. To 
withstand salt stress, plants accumulate 
compatible solutes such as proline, which 
decreases the cytoplasmic osmotic potential, 
facilitating water absorption, and (ROS) 
molecules [70-71]. 
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Fig. (3). Influence of ASA, GA3 and MLE on total amino acid (mg/100g D. Wt.) contents in shoot 
and root of tomato (Lycopersicon esculentum, L. cv. Cobra & cv. Newton) under salinity stress 
 
Table (3). Statistical analysis for influence of ASA, GA3 and MLE on total amino acid (mg/100g 

D. Wt.) contents in shoot and root of tomato (Lycopersicon esculentum, L. cv. Cobra & cv. 
Newton) under salinity stress 

 
NaCl Conc. (mM) 

 
Statistical Analysis 
(ANOVA) 

Total Amino Acid (mg/100g D. Wt.) 
cv. Cobra cv. Newton 
H2O ASA GA3 MLE H2O ASA GA3 MLE 

Shoot 
F 15.763* 7.314* 35.885* 26.895* 29.696* 22.178* 51.008* 30.782* 
p <0.001

*
 <0.005 <0.001

*
 <0.001

*
 <0.001

*
 <0.001

*
 <0.001

*
 <0.001

*
 

LSD 2.973 4.197 2.424 2.935 2.220 2.331 1.790 2.254 
Root   
F 18.271* 20.147* 20.652* 12.760* 16.976* 14.485* 24.351* 14.150* 
p <0.001* <0.001* <0.001* <0.001* <0.001* <0.001* <0.001* <0.001* 
LSD 2.469 2.490 2.424 2.497 2.162 2.107 2.107 2.266 

 
In addition, Hildebrandt et al. [72] they found that 
amino acids in plants have various outstanding 
functions which use during protein biosynthesis, 
they are also building blocks for various other 
biosynthetic pathways and play a central role in 
signaling processes and in the response to plant 
stress. In general, the pool sizes of the 20 amino 
acids differ greatly and change dynamically 
depending on the developmental and 
physiological state of the plant cell. Kahlaoui et 
al. [73] indicated that a reduction in the 
synthetase activities of proline oxidase was 
found in both tomato varieties when irrigated with 
salt water, but this was found to be applied 
exogenously at the lower proline concentration. 
Salinity stress caused significant gradual 
increases in free amino acids with increases in 
salinity levels. These results agree with the 
results observed by Rady et al. [74] on wheat 

plant, Sadak et al. [75] on sunflower plant and 
Sadak &Abd Elhamid [76] on flax plant where, 
they concluded that salinity stress was capable 
of acting as activators of free amino acids 
accumulation.  
 
The accumulation of amino acids in flax plant 
exposed to stress may be attributed to the 
disturbance in amino acid metabolism. 
Furthermore ASA, GA3 and MLE significantly 
enhanced the stimulatory role of salt stress on 
production of total free amino acids. Proline 
protects plants from salinity stress, mainly by 
maintaining osmotic adaptation, ROS trapping 
and modulating antioxidant metabolites and 
important enzymatic components of the 
antioxidant defense system. Phytohormones 
regulate pro-production and stress tolerance. It is 
therefore expected that there is a close 
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relationship between phytohormones and pro-
metabolism. Elucidating these relationships could 
improve understanding of the regulatory issues 
involved in phytohormone-mediated pro-
metabolism. The unavailability of nutrients for 
plants under salt and drought stress has many 
inevitable consequences for plants [77]. 
 

3.3 Inorganic Minerals Nutrient Element 
Components (mg/100g Dry Weight) 

 
3.3.1. Macro-minerals nutrient elements 

(mg/100g Dry Weight) 
 
Nitrogen, Potassium, Phosphorous, 
Magnesium and Calcium Contents (mg/100g 
Dry Weight): Overall, the shoot N+3, P+3, K+, 
Mg

+2
 &

 
Ca

+2
contents increased highly significant 

at (p ≤ 0.001) with increasing NaCl salinity 
concentrations (gradually 50 then 100, 150 and 
200 mM) of tomato shoot and root for both 
cultivars in the presence or absence of ASA, 
GA3 and MLE compared with control. The results 
indicated that the shoot and root macro-nutrient 
elements (N

+3
, P

+3
, K

+
, Mg

+2
 &

 
Ca

+2
) contents 

increased highly significant at (p ≤ 0.001) 
especially with 200 mM NaCl concentration 
compared with control as shown in Figs. (4, 5, 6, 
7 & 8) and Tables (4, 5, 6, 7 & 8). The results 
shown that the influences of ASA was more 

effective increasing significantly (p ≤ 0.001) of all 
macro-nutrient elements (N

+3
, P

+3
, K

+
, Mg

+2
 &

 

Ca+2) contents in tomato shoot and root for both 
cultivars under NaCl salinity concentrations than 
GA3 and MLE. While, the macro-nutrient 
elements (N

+3
, P

+3
, K

+
, Mg

+2
 &

 
Ca

+2
)
 
contents 

increased significantly in shoot more than in root 
for both cultivars compared with control. So, the 
role of ASA on tomato plant for both cultivars 
have been alleviated the effect of salinity by 
increasing the shoot macro-nutrient elements 
(N

+3
, P

+3
, K

+
, Mg

+2
 &

 
Ca

+2
)
 

contents more                        
than GA3 and MLE compared with control. 
Consequently, the all of these results it has been 
found that the contents of macro-nutrient 
elements (N

+3
, P

+3
, K

+
, Mg

+2
 &

 
Ca

+2
)
                             

contents increased significantly (p ≤ 0.001) in 
tomato shoot and root more in cv. Cobra than in 
cv. Newton, especially in the present of ASA 
more than GA3 and MLE respectively                    
compared with control. So, macro-mineral 
nutrient elements increased significantly more in 
the presence of ASA, GA3 & MLE than in the 
absence respectively compared with control. 
Overall, the statistical analysis indicated that the 
two ways analysis of variance (ANOVA) between 
different concentrations of salinity stress, ASA, 
GA3 and MLE in two tomato cultivars indicated 
that the F test and LSD test highly significant at P 
≤ 0.001. 

 

 
 

Fig. (4). Influence of ASA, GA3 and MLE on Nitrogen (N
+3

) (mg/100g D. Wt.) contents in shoot 
and root of tomato (Lycopersicon esculentum, L. cv. Cobra & cv. Newton) under salinity stress 
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Table (4). Statistical analysis for influence of ASA, GA3 and MLE on Nitrogen (N
+3

) (mg/100g D. 
Wt.) contents in shoot and root of tomato (Lycopersicon esculentum, L. cv. Cobra & cv. 

Newton) under salinity stress 
 

NaCl Conc. (mM) 
 

Statistical Analysis 
(ANOVA) 

Nitrogen Nutrient Elements (mg/100g D. Wt.) 

cv. Cobra cv. Newton 

H2O ASA GA3 MLE H2O ASA GA3 MLE 

Shoot (N
+3

) 

F 2.078 7.551* 6.236* 5.434* 1.047 5.724* 4.424* 2.631 

p <0.159 <0.005
*
 <0.009

*
 <0.014

*
 <0.430 <0.012

*
 <0.026

*
 <0.098 

LSD 3.115 3.371 3.469 4.199 4.383 3.970 4.512 5.486 

Root (N+3) 

F 5.806
*
 9.634

*
 5.610

*
 10.484

*
 4.241

*
 11.954

*
 8.270

*
 13.191

*
 

p <0.011* <0.002* <0.012* <0.001* <0.029* <0.001* <0.003* <0.001* 

LSD 4.112 4.444 4.497 4.474 3.530 3.380 4.178 4.111 
 
Our results finding agree with Farahat et al. [78] 
reported that the all of nitrogen, phosphorus and 
potassium contents in both shoots and roots 
increased gradually with increasing the levels of 
ascorbic acid. So, ascorbic acid (ASA) protects 
metabolic processes against H2O2 and other 
toxic derivatives of oxygen affected many 
enzyme activities, minimize the damage caused 
by oxidative processes through synergistic 
function with other antioxidants and stabilize 
membranes [79].  
 
Nitrogen proved beneficial in ameliorating the 
salinity triggered oxidative damage to significant 
extent. Antioxidant components, both enzymatic 
and non-enzymatic, increased due to N 
supplementation conferring its active involvement 
in their expression levels [80]. Also, with 
increasing salinity levels, the phosphorus content 

of shoots & roots decreased in all NaCl 
concentrations. In contrast, by increasing of salt 
concentration in the culture medium, phosphorus 
content decreased significantly in roots 
compared to untreated plants [81].  
 
The general lack of recognition of the limiting                 
role of calcium Ca

+2
 is due in part to the fact that 

some important plant functions are controlled by 
changes in very small physiologically                            
active pools of Ca

+2
 within the cytoplasm. 

Furthermore, the low mobility of (Ca+2) makes 
the rates of its uptake and distribution                        
limiting processes for many key plant functions 
[82]. Potassium (K

+
) has been considered                          

to play a role in osmotic stress and salt toxicity 
remediation, and some studies show                    
inhibition of K

+
 influx by NaCl in the cytosol                   

[83]. 
 

Table (5). Statistical analysis for influence of ASA, GA3 and MLE on phosphorous (P
+3

) 
(mg/100g D. Wt.) contents in shoot and root of tomato (Lycopersicon esculentum, L. cv. Cobra 

& cv. Newton) under salinity stress 
 

NaCl Conc. (mM) 

 

Statistical Analysis 
(ANOVA) 

Phosphorous Nutrient Elements (mg/100g D. Wt.) 

cv. Cobra cv. Newton 

H2O ASA GA3 MLE H2O ASA GA3 MLE 

Shoot (P+3) 

F 1.376 19.737
*
 28.180

*
 13.405

*
 13.967

*
 21.408

*
 32.511

*
 26.113

*
 

p <0.310 <0.001* <0.001* <0.001* <0.001* <0.001* <0.001* <0.001* 

LSD 4.133 3.813 3.642 4.365 3.420 3.598 3.309 3.629 

 Root (P
+3

) 

F 0.950 4.528* 4.656* 2.866 1.025 3.300 4.599* 2.336 

p <0.475 <0.024
*
 <0.022

*
 <0.081 <0.440 <0.057 <0.023

*
 <0.126 

LSD 3.410 3.270 3.534 4.051 2.790 4.246 3.474 3.825 
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Fig. (5). Influence of ASA, GA3 and MLE on Phosphorous (P
+3

) (mg/100g D. Wt.) contents in 
shoot and root of tomato (Lycopersicon esculentum, L. cv. Cobra & cv. Newton) under salinity 

stress 
 
Babu et al. [84] found that the Potassium content 
was found in leaves and tomato fruits to be 
decreasing with increase in salt stress. Labrada 
et al. [68] reported that increasing salt levels 
significantly reduced tomato plant growth as well 
as tomato quality as enzyme activity and 
antioxidant activity. An increasing salt content 
increases the Na+ plant content and the Na+/K+ 
ratio and decreases the K

+
 plant content. 

Sivakumar & Ponnusami [85] realized the 
increased uptake and accumulations of some 
nutritive elements as N, P, K, & Ca, and as well 
as Mg in roots and shoots of several plants by 
using Moringa leaf extract (MLE) is supposed to 
accelerate the nutrient uptake and translocation 
by increasing the root membranes permeability 
for electrolytes, preventing nutrients fixation and 
increasing its mobility in soil. 

 

 
 
Fig. (6). Influence of ASA, GA3 and MLE on Potassium (K

+1
) (mg/100g D. Wt.) contents in shoot 

and root of tomato (Lycopersicon esculentum, L. cv. Cobra & cv. Newton) under salinity stress 
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Table (6). Statistical analysis for influence of ASA, GA3 and MLE on potassium (K
+1

) (mg/100g 
D. Wt.) contents in shoot and root of tomato (Lycopersicon esculentum, L. cv. Cobra & cv. 

Newton) under salinity stress 
 

NaCl Conc. (mM) 
  
Statistical Analysis 
(ANOVA) 

 Potassium Nutrient Elements (mg/100g D. Wt.) 
cv. Cobra cv. Newton 
H2O ASA GA3 MLE H2O ASA GA3 MLE 

Shoot (K
+
) 

F 5.228* 10.478* 15.397* 7.154* 2.535 2.991 2.613 1.765 
p <0.016* <0.001* <0.001* <0.005* <0.106 <0.073 <0.099 <0.212 
LSD 3.258 3.178 2.852 3.631 5.321 6.544 6.848 6.961 
Root (K

+
) 

F 4.911* 7.732* 3.279 16.292* 2.292 2.002 0.945 1.015 
p <0.019* <0.004* <0.058 <0.001* <0.131 <0.170 <0.477 <0.445 
LSD 2.799 2.854 3.219 2.033 4.325 7.620 5.384 6.273 

 

 
 
Fig. (7). Influence of ASA, GA3 and MLE on calcium (Ca+2) (mg/100g D. Wt.) contents in shoot 

and root of tomato (Lycopersicon esculentum, L. cv. Cobra & cv. Newton) under salinity stress 
 
Table (7). Statistical analysis for influence of ASA, GA3 and MLE on Calcium (Ca

+2
) (mg/100g D. 

Wt.) contents in shoot and root of tomato (Lycopersicon esculentum, L. cv. Cobra & cv. 
Newton) under salinity stress 

 
NaCl Conc. (mM) 
 
Statistical Analysis 
(ANOVA) 

Calcium Nutrient Elements (mg/100g D. Wt.) 
cv. Cobra cv. Newton 
H2O ASA GA3 MLE H2O ASA GA3 MLE 

Shoot (Ca+2) 
F 5.816

*
 2.861 6.482

*
 8.696

*
 2.721 1.685 3.218 5.009

*
 

p <0.011* <0.081 <0.008* <0.003* <0.091 <0.229 <0.061 <0.018
*
 

LSD 5.354 7.444 5.922 7.487 6.196 6.576 6.277 6.636 
Root (Ca

+2
) 

F 2.307 1.493 2.398 2.379 1.574 1.253 3.398 1.564 
p <0.129 <0.276 <0.119 <0.121 <0.255 <0.350 <0.053 <0.258 
LSD 5.849 8.339 7.862 6.722 6.796 6.774 5.866 7.278 
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Fig. (8). Influence of ASA, GA3 and MLE on Magnesium (Mg+2) (mg/100g D. Wt.) contents in 
shoot and root of tomato (Lycopersicon esculentum, L. cv. Cobra & cv. Newton) under salinity 

stress 
 

Table (8). Statistical analysis for influence of ASA, GA3 and MLE on Magnesium (Mg
+2

) 
(mg/100g D. Wt.) contents in shoot and root of tomato (Lycopersicon esculentum, L. cv. Cobra 

& cv. Newton) under salinity stress 
 

NaCl Conc. (mM) 
 
Statistical Analysis 
(ANOVA) 

Magnesium Nutrient Elements (mg/100g D. Wt.) 
cv. Cobra cv. Newton 
H2O ASA GA3 MLE H2O ASA GA3 MLE 

Shoot (Mg
+2

) 
F 8.704* 1.768 0.941 2.145 2.903 2.783 3.473* 2.939 
p <0.003

*
 <0.212 <0.479 <0.149 <0.078 <0.086 <0.049

*
 <0.076 

LSD 5.680 5.776 8.210 6.466 7.728 7.601 7.992 7.693 
Root (Mg+2)  
F 2.572 4.019

*
 3.692

*
 1.682 1.373 3.737

*
 5.655

*
 1.544 

p <0.103 <0.034* <0.043* <0.230 <0.311 <0.041* <0.012* <0.263 
LSD 6.067 7.401 7.073 8.227 7.354 7.246 6.327 8.223 

 
3.3.2 Micro-minerals nutrient elements 

(mg/100g Dry Weight) 
 
Manganese, Iron and Boron Content 
(mg/100g Dry Weight): Overall, the shoot and 
root micro-nutrient elements (Mn+2, Fe+3 & B+2) 

contents increased highly significant at (p ≤ 
0.001) with increasing salinity concentrations 
(gradually start with 50 then 100, 150 & 200 mM 
NaCl) of tomato plant for both cultivars, in the 
presence or absence of ASA, GA3 and MLE 
compared with control. The results indicated that 
the micro-nutrient elements (Mn+2, Fe+3 & B+2) 

contents increased highly significant at (p ≤ 
0.001) especially with 200 mM NaCl 
concentration compared with control as shown in 
Figs. (9, 10 & 11) and Tables (9, 10 & 11). The 
results shown that the effect of ASA was more 
effective by increasing significantly (p ≤ 0.001) of 
shoot and root micro-nutrient elements (Mn

+2
, 

Fe
+3

 & B
+2

)
 
contents for both cultivars under NaCl 

salinity concentrations than GA3 and MLE. 
Consequently, the all of these results it has been 
found the shoot micro-nutrient elements (Mn+2, 
Fe

+3
 & B

+2
)
 
contents increased significantly (p ≤ 

0.001) more in shoot than in root especially in the 
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present of ASA more than GA3 and MLE 
compared with control respectively. Thereby, the 
micro-nutrient elements (Mn+2, Fe+3 & B+2) 

contents increased significantly in shoot more 
than in root for both cultivars compared with 
control. So, the role of ASA on tomato plant for 
both cultivars have been alleviated the effect of 
salinity by increasing the shoot and root Micro-
nutrient elements (Mn

+2
, Fe

+3
 & B

+2
)
 
contents 

more than GA3 and MLE compared with control.  
 
Consequently, the all of this results it has been 
found that the contents of Mn+2, Fe+3 & 
B

+2
increased significantly (p ≤ 0.001) in tomato 

shoot and root more in cv. Newton than in cv. 

Cobra especially in the present of ASA more than 
GA3 and MLE respectively compared with 
control. Overall, the statistical analysis indicated 
that the two ways analysis of variance (ANOVA) 
between different concentrations of salinity stress, 
ASA, GA3 and MLE in two tomato cultivars 
indicated that the F test and LSD test highly 
significant at P ≤ 0.001.  Fertilizers with 
microelements such as manganese (Mn

+2
), iron 

(Fe+3) and Boron (B+2) have been shown to be 
convenient for field use, have a good 
effectiveness and very rapid plant response [86]. 
Also, it helps plant to avoid toxicity symptoms 
that may occur after soil application of the same 
microelements [87].  

 

 
 

Fig. (9). Influence of ASA, GA3 and MLE on Manganese (Mn
+2

) (mg/100g D. Wt.) contents in 
shoot and root of tomato (Lycopersicon esculentum, L. cv. Cobra & cv. Newton) under salinity 

stress 
 

Table (9). Statistical analysis for influence of ASA, GA3 and MLE on manganese (Mn+2) 
(mg/100g D. Wt.) Contents in shoot and root of tomato (Lycopersicon esculentum, L. cv. Cobra 

& cv. Newton) under salinity stress 
 

NaCl Conc. (mM) 
 
Statistical 
Analysis (ANOVA) 

Manganese Nutrient Elements (mg/100g D. Wt.) 
cv. Cobra cv. Newton 
H2O ASA GA3 MLE H2O ASA GA3 MLE 

Shoot (Mn+2)  
F 4.529* 446.243* 1.796 0.429 550.548* 404.180* 25.099* 773.500* 
p 0.024* <0.001* 0.206 0.785 <0.001* <0.001* <0.001* <0.001* 
LSD 0.123 0.008 0.138 0.209 0.008 0.008 0.044 0.008 
Root (Mn+2) 
F 2.181 627.705* 653.730* 792.579* 544.444* 1067.992* 3.436 588.546* 
p 0.145 <0.001* <0.001* <0.001* <0.001* <0.001* 0.052 <0.001* 
LSD 0.097 0.008 0.008 0.007 0.008 0.011 0.183 0.009 
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Fig. (10). Influence of ASA, GA3 and MLE on Iron (Fe+3) (mg/100g D. Wt.) contents in shoot and 

root of tomato (Lycopersicon esculentum, L. cv. Cobra & cv. Newton) under salinity stress 
 

Table (10). Statistical analysis for influence of ASA, GA3 and MLE on Iron (Fe
+3

) (mg/100g D. 
Wt.) contents in shoot and root of tomato (Lycopersicon esculentum, L. cv. Cobra & cv. 

Newton) under salinity stress 
 

NaCl Conc. (mM) 
 
Statistical 
Analysis (ANOVA) 

Iron Nutrient Elements (mg/100g D. Wt.) 
cv. Cobra cv. Newton 
H2O ASA GA3 MLE H2O ASA GA3 MLE 

Shoot (Fe
+3

) 
F 112.510

*
 91.710

*
 105.609

*
 79.067

*
 47.133

*
 24.920

*
 22.418

*
 29.964

*
 

p <0.001* <0.001* <0.001* <0.001* <0.001* <0.001* <0.001* <0.001* 
LSD 0.046 0.050 0.046 0.055 0.074 0.095 0.099 0.091 
Root (Fe+3) 
F 20.695

*
 35.459

*
 25.926

*
 35.408

*
 8.549

*
 26.918

*
 18.431

*
 15.603

*
 

p <0.001
*
 <0.001

*
 <0.001

*
 <0.001

*
 0.003

*
 <0.001

*
 <0.001

*
 <0.001

*
 

LSD 0.065 0.064 0.073 0.060 0.083 0.078 0.094 0.091 
 
Manganese (Mn

+2
) is very important for the 

growth of higher plants was determined by 
McHargue [88]. Manganese is essential                         
role is in water splitting and O2 evolution in 
photosynthesis and involve respiration and as a 
cofactor or component of numerous                 
enzymes [89-90]. A deficiency of Mn+2 for plants 
occurs in soils low in Mn

+2
 minerals and 

especially in alkaline and calcareous                      
soils or of high redox status that often also 
results in Fe, Cu and Zn deficiencies                          
[91-92]. Iron (Fe+3) mineral element, as 
micronutrient, plays different roles in the 
structure of various enzymes as well as a 
regulating role of cofactors in the metabolism of 

carbohydrates, proteins, and cellular 
photosynthesis [93]. Plant leaves absorb some 
nutrients better than soil application, so, 
application of micronutrient elements                    
such as Fe leads to an increased yield of crops 
[94-95]. Boron (B

+2
) roles in plants include   

effects on the germination of pollen                     
grains, the elongation of pollen tube, fruit set and 
yield, and is also indirectly responsible for the 
activation of dehydrogenase enzymes, sugar 
translocation, nucleic acids and plant 
hormones[96-97 ]. Boron deficiency is a common 
micronutrient problem in agriculture, which 
results in yield reductions and impaired crop 
quality [98]. 
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Fig. (11). Influence of ASA, GA3 and MLE on Boron (B
+2

) (mg/100g D. Wt.) contents in shoot 
and root of tomato (Lycopersicon esculentum, L. cv. Cobra & cv. Newton) under salinity stress 

 
Table (11). Statistical analysis for influence of ASA, GA3 and MLE on Boron (B

+2
) contents 

(mg/100g D. Wt.) in shoot and root of tomato (Lycopersicon esculentum, L. cv. Cobra & cv. 
Newton) under salinity stress 

 
NaCl Conc. (mM) 

 
Statistical Analysis 
(ANOVA) 

Boron Nutrient Elements (mg/100g D. Wt.) 
cv. Cobra cv. Newton 
H2O ASA GA3 MLE H2O ASA GA3 MLE 

Shoot (B+2) 
F 672.092* 15.396* 1825.500* 1491.618* 684.948* 1334.023* 1602.000* 1630.259* 
p <0.001* <0.001* <0.001* <0.001* <0.001* <0.001* <0.001* <0.001* 
LSD 0.006 0.049 0.005 0.005 0.006 0.005 0.005 0.006 
Root (B+2) 
F 18.420* 22.500* 21.879* 30.430* 12.857* 23.060* 14.446* 34.620* 
p <0.001* <0.001* <0.001* <0.001* 0.001* <0.001* <0.001* <0.001* 
LSD 0.004 0.005 0.004 0.004 0.005 0.004 0.006 0.004 

 
4. CONCLUSION 
 
Generally, this study concluded that the 
antioxidant enzyme activities (Super Oxide 
Dismutase (SOD), Catalase (CAT), Ascorbate 
Peroxidase (APX), Glutathione Reductase (GR) 
& nitrogenous components (proline and total 
amino acids), inorganic components (macro- and 
micro- mineral nutrient elements) contents in 
tomato plant for b cultivars (cv. Cobra and cv. 
Newton) increased significantly in the present of 
ASA (0.75 mM), GA3 (0.05 mM) and MLE (5%) 
respectively more than in the absence under 
NaCl all salinity concentrations (0.0, 50, 100, 150 
and 200 mM) compared with control. Also, the 
results indicated that the antioxidant enzyme 
activity, nitrogenous component and inorganic 
macro- and micro minerals nutrient elements 
increased in shoot more than in root for both 
cultivars under salinity stress in the presence or 

absence of ASA, GA3 and MLE compared with 
control. Generally, the role of ASA, GA3 & MLE 
were one of the main mechanisms used by the 
plant to raise its efficiency to bear the salt stress 
compared to the control. Therefore,  should be 
pre-treatment (soaking) of tomato seeds for both 
cultivars in ASA (0.75 mM); GA3 (0.05 mM) and 
MLE (5%) before germinated for gave the best 
results and more effective for overcoming the 
harmful impacts of salinity stress and produced 
new strain adapted to salinity stress.  
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