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ABSTRACT 
 

Two mango, Mangifera indica L. rootstocks (Sukkary and Zebda) were selected to study the effect of 
ascorbic acid (100 and 200 ppm) and irrigation water salinity (2000 and 4000 ppm) and their combination in 
addition to the untreated one (control) on their plant characters, nutrient contents and proline content. Obtained 
results showed that salinity treatments inhibited various studied growth parameters (i.e. stem length, stem 
diameter, leaf area, radical root length, radical root diameter, fine root number and dray weight of air (stem and 
leaves) and root system. Also the contents of N, P, K and Fe decreased, while Na and proline contents increased. 
Ascorbic acid has a promotive effect on increasing most of the growth parameters, leaf nutrient contents and 
proline content. The low salt content in irrigation water (2000 ppm) lower inhibits vegetative growth and on the 
contrary in case of highest one (4000 ppm). Combination between ascorbic and salinity water treatments 
especially ascorbic 100 ppm and salinity 2000 ppm encourage most of the investigated vegetative growth, while 
the high level of ascorbic acid (200 ppm) and salt content in irrigation water (4000 ppm) individually or combined 
were more effective increasing proline content. It could be concluded that the increase in plant resistance to 
salt-stress was associated with the anti-oxidant activity of ascorbic acid and a partial inhibition of salt-induced.  
Also, Sukkary rootstock proved to be more appropriate rootstock for use in regions irrigated with saline water 
reaching 4000 ppm.  
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Introduction 
 

Mango (Mangifera indica L.) is one of the most important fruit crops all over the world, especially in tropical 
and subtropical regions. According to the world water crisis, Egypt will suffer from water shortage in next 
decades, so water quality such as saline water is needed as an alternative for irrigation. Shannon (1998) stated that 
salinity in soil and/or water is one of the major stresses (has a potential stress), especially in arid and semi-arid 
regions, which can severely limit crop production. He added an environmental factor that limits crop productivity 
or destroys biomass is referred to as a stress or disturbance. He mentioned also that the deleterious effect of 
salinity on plant growth is associated with low osmotic potential of soil solution (water stress). In addition, mango 
is considered sensitive to saline conditions, leading to scorched leaf tips and margins, leaf curling, and in severe 
cases reduces growth, abscission of leaves and death of trees (Maas, 1986). 

Arrigoni and De Tullio (2000) found that small antioxidant molecule vitamin C (L-ascorbic acid, AA) fulfils 
essential metabolic functions in the life of plants. They added that AA serves as a co-factor for many enzymes and 
it contributes to the detoxification of reactive oxygen species (ROS) (Conklin and Barth, 2004). This antioxidant 
activity of AA is associated with resistance to oxidative stress and longevity in plants. Furthermore, the 
endogenous level of AA has recently been suggested to be important in the regulation of developmental 
senescence and plant defense against. oxidative stress. Plants synthesize AA via several distinct pathways 
including routes via L-galactose and L-gulose (Conklin and Barth, 2004). Due to the fact that AA also serves as an 
important co-factor in the biosynthesis of many plant hormones, including ethylene, gibberellic acid, and abscisic 
acid, one has to assume that the endogenous level of AA will affect not only the biosynthesis, but also the levels 
and therefore the signaling of these phytohormones. Proline regulates the accumulation of useable N, is 
osmotically very active, contributes to membrane stability (Gadallah, 1999) and mitigates the effect of NaCl on 
cell membrane disruption and even at supra-optimal levels, proline does not suppress enzyme activity (Mansour, 
2000). Anderson et al., (1995) suggested that organic acids may be the principal source for proline accumulation 
in stressed plant. 

The objective of this study is to assess the effect of ascorbic acid on the tolerance of mango rootstocks 
subjected and evaluate their effects on mineral uptake as well as proline content. 
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Materials and methods 
 

This study was conducted during the summer of the two successive seasons 2008 and 2009 in the Pomology 
greenhouse at the NRC, Dokki; Giza, Egypt, which started from med of August to the med of November.  The 
plant material of the two mango rootstocks (RS) namely Sukkary and Zebda (6 months old) were used in the 
experiment. Uniform seedlings were transplanted into 45 cm pots, one seedling each, containing 20 kg with a 
mixture of sand, loam and peat moss at 2:1:1 ratio, respectively and mixed well with superphosphate (15.5 % 
P2O5) and potassium sulphate (48 % K2O) by 5 and 2 g/pot in same sequences before transplanting.  Soil physical 
and chemical properties were shown in Table (1). Pots were fertilized three times (before spring growth cycles and 
at early and late summer growth cycles) by ammonium sulphate 6 g/pot each.  

Plants were sprayed with freshly prepared aqueous solution of ascorbic acid (AA) in three concentrations as 
follows: tap water (control); 100 (AA1) and 200 (AA2) ppm after 45 days from transplanting and every 15 days 
intervals. All solutions used as a spray contained 0.1 % triton B as a wetting agent and sprayed till runoff. 

Saline water (S) with three total salt concentrations as follows: tap water (control), 2000 (S1) and 4000 (S2) 
ppm through soluble salts including: 10 g MgSO4, 1 g CaSO4, 78 g NaCl, 2 g MgCl2 and 9 g CaCO3/liter were 
used in this study. The pots were irrigated twice and a week during summer and autumn, respectively, with saline 
water to the water holding capacity after 15 days from spraying AA. The experiment lasted in the greenhouse 4 
months. 
 
Table 1: Some physical and chemical properties of the studied soil. 

Particle size distribution % Field capacity 
% 

Hydraulic conductivity 
cm/h Sand Silt Clay Texture 

82.6 14.6 2.8 Sandy loam 14.4 12.8 
Chemical properties 

EC 
dSm-1 

pH 
(1:2.5) 

CaCO3 OM Total N Available (mg/100g ) 
% P K Fe 

0.18 8.0 4.17 0.12 15.1 1.30 12.3 4.47 
Soluble cations (meq/l) Soluble anions (meq/l) 

Ca++ Mg++ K+ Na+ CO=
3 HC-

3 Cl- SO=
4 

2.5 1.4 0.268 1.18 0.0 1.60 6.6 2.04 

 
Measurements and Determinations:  
 

Vegetative growth: monthly of each season, stem length (cm), stem diameter (cm), leaf area (cm2), radical 
root length (cm) and diameter (cm), also at the end of the experiment, fine root number and dry weight of both air 
(stem and leaves) and root systems (g) (main root and lateral branches) were determined. 

Leaf nutrient contents: leaves washed, dried at 70o C till constant weight, then grind and digested to determine 
the macro nutrients (N, P, K and Na) and micronutrient (Fe) according to Rebbeca (2004).  

Proline determination: Measured using sulphoric acid (3 % v/v), ninhydrin (1.25 g) and absorbance noted at 
250 nm, methods described by (Bates et al., 1973).  

Soil analysis: monthly EC, pH and Na were determined.  
Statistical analysis: Treatments were arranged in a completely randomized design with five replicates 

according to Snedecor and Cochran (1989).  Means of the obtained results were compared using LSD test at 5% 
level.  
 
Results and discussions 
 
Soil Properties: 
 

In Table (2) some soil properties such as pH, EC (dSm-1) and Na (%) were determined after one month and at 
the end of the experiment as affected by ascorbic acid and water salinity and their combination. In general data 
revealed that soil EC and Na, increased than the control under saline condition. In this respect, the high 
concentration of ascorbic acid and water salinity more effective than the low one, and that is true on Sukkary and 
Zebda mango rootstocks (RS), even after one month or at the end of the experiment. There is no significant 
difference between the two concentrations of ascorbic acid and the control after one month. Highly positive 
correlation was attained between soil EC and Na content in the soil with the increase of plant age. The increase of 
EC and Na due to the accumulative salinity treatments were 188, 192 % and 141, 319 % under Sukkary and Zebda 
rootstock after the first month and at the end of the experiment, respectively. Also, it could be notice that the 
accumulation of salts expressed in EC and Na values were 133, 99 % and 106, 144 % comparing Zebda with 
Sukkary media RS in the same previous consequences. 
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Table 2: Soil properties such as pH, EC and Na as affected by of ascorbic acid, water salinity and their combination after 1 & 4 months in 
Sukkary and Zebda mango rootstocks. (Mean values of the two seasons).     

Treatments 

After 1 month After 4 months 
EC  

dSm-1 
pH 

Na 
% 

EC 
dSm-1 

pH 
Na 
% 

S
uk

ka
ry

 
Control  0.16 7.89 0.39 0.28 7.48 0.89 
AA1 (100ppm) 0.17 7.79 0.37 0.31 7.75 0.83 
AA2 (200ppm) 0.16 7.65 0.41 0.30 7.55 0.81 
S1 (2000ppm) 0.36 7.94 2.53 0.67 7.61 4.13 
S2 (4000ppm) 0.45 7.83 3.10 0.78 7.66 5.00 
AA1 + S1 0.28 7.78 1.90 0.52 7.77 3.12 
AA1 + S2 0.35 7.53 2.46 0.70 7.55 4.20 
AA2 + S1 0.23 7.77 1.35 0.47 7.63 2.98 
AA2 + S2 0.30 7.78 2.10 0.60 7.73 4.06 
LSD 5% 0.02 ns 0.32 0.04 0.03 0.10 

Z
eb

da
 

Control  0.24 7.68 0.62 0.35 7.59 1.50 
AA1 (100ppm) 0.23 7.54 1.33 0.34 7.73 1.10 
AA2 (200ppm) 0.22 7.53 4.39 0.36 7.76 1.21 
S1 (2000ppm) 0.48 7.81 0.65 0.76 7.67 4.70 
S2 (4000ppm) 0.58 7.79 1.85 0.89 7.58 5.81 
AA1 + S1 0.35 7.77 4.35 0.43 7.60 3.00 
AA1 + S2 0.47 7.63 0.36 0.57 7.65 4.49 
AA2 + S1 0.29 7.55 2.39 0.38 7.72 2.15 
AA2 + S2 0.40 7.64 5.09 0.50 7.78 3.67 

 LSD 5% 0.04 0.05 2.00 0.03 0.07 0.26 

 
According to the soil pH, slightly changes were observed under both investigated mango rootstocks. The 

highest soil pH values were 7.89, 7.68 in the control treatments Sukkary and Zebda mango rootstocks, 
respectively after the 1st month. While the lowest ones were 7.48 and 7.59 in the control treatments of Sukkary 
and Zebda mango rootstocks, respectively at the end of the experiment. 

It is clear that the combination between ascorbic acid and water salinity treatments decreases the value of soil 
EC and Na than Salinity alone. The large decreasing treatments were AA2+S1, AA1+S1, AA2+S2 and AA1+S2 
respectively, and that is true in both mango rootstocks. No significant difference between S1 and AA1+S2 
treatments was observed. 

It could be concluded that, the soil extract related directly to both total salt concentration in the soil and in 
irrigation water from side and AA concentration from the other one. Saline irrigation treatments used in the 
experiment increased the EC values of the soil solution and the increase was almost proportional to the total salt 
concentration in irrigation water and to the accumulated ones. This finding agreed with Awad and Botrous (1987) 
who added also that soil pH values changed in a very narrow range, while EC and soluble Na in the final soil 
solution were proportional to the total salt concentration rate of gebrillic acids as anti-oxidant and the cations 
ratios in the irrigation water.   
 
N, P, K, Na and Fe Content in Leaves of Mango Rootstocks: 

 
Data showed in Table (3) the periodically nutrient contents in leaves of mango RS. One can notice that, there 

is a general trend in N content increased with plant ageing in both investigated RS by the application ascorbic acid. 
P, K and Fe contents in plant Leaf of both Sukkary and Zebda RS, showed the same previously mentioned trend of 
Nitrogen content. In this concern the high concentration of AA (200 ppm) was more effective than 100 ppm.  The 
increment in N content due to AA treatments could be explained by the findings of Talaat (2003) who found that 
the accumulation of N, P and K % by the foliar application of AA might be contributed to positive effect of 
ascorbic acid on root growth which consequently increases nitrate absorption. In this context, the increase in N, P 
and K concentrations by Thiamin, ascorbic acid and citric acid treatments might be attributed to the postulation of 
Abd EL-Aziz et al., (2007) and Maksoud et al., (2009) as they mentioned that foliar spraying with antioxidants 
may play a role in many metabolic physiological processes. 

As for Na % there were insignificant effect between AA treatments and the control in both investigated RS. 
Duran et al., (2004) found that additional ascorbic acid inhibited the accumulation increase of salt stress on leaves 
but did not significantly reduce sodium up take. They added that Fe concentration increased in leaf and diminished 
proportions as a result of AA addition regard to the rootstocks.  

According to the effect of salinity treatments on the leaf content in Table 3 mentioned that the treatments 
generally has took the opposite trend of AA applications except Na %. Data on hand clearly revealed that saline 
irrigation water decreased N, P, K and Fe contents and increased Na % in leaf of Sukkary and Zebda RS with plant 
ageing. The high concentration of salinity was more effective than the low one in this respect. The mean values of 
Na content in leaves of Sukkary RS was lower than in Zebda RS but the opposite was observed for N content. The 
adverse rootstock responses to salinity-stress may depend mainly on the osmotic effects of salt and on the level 
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and duration of stress. Obtained results was supported by Cerda et al., (19mm95) who stated that salinity 
decreased the K concentration in roots, suggesting an exchange of K with Na ions. The reduction in K uptake 
caused by Na is a well - known competitive process in plant roots. El-Laboudi et al., (1975) reported that the 
application of saline water differed in their cations increased the amount of those ions in the soil extract. 

In respect to the interaction or combination between ascorbic acid and salinity treatment, data illustrated that, 
(AA2+S1) treatment as a combination between the high concentration of AA and the low salinity one was more 
effective in reducing the value of Na % and increasing N, P, K and Fe content than (AA1+S1), (AA2+S2) and (AA1 
+ S2) treatments in this respect, respectively, and that is true by the increase in plant age in both investigated 
rootstocks. Also there were no significant differences between (AA1+S1) and (AA2+S2) treatments in reducing Na 
content in leaves. 
After experimentation (4 months) there was a reduced Na % accumulation in Sukkary RS than Zebda RS at the 
same plant stage of growth. So, Sukkary is considered better than Zebda in resisting the high salinity with the 
application of anti-oxidant ascorbic acid. 
 
Table 3: Effect of ascorbic acid, water salinity and their combination on the leaf content of N, P, K, Na and Fe periodically in Sukkary and Zebda mango rootstocks.   

 
 (Mean values in the two seasons). 

 
These results are in agreement with those found by Noctor and Foyer (1998) who reported that one possibility 

was that additional ascorbic acid would inhibit stress induced increase in the leakage of essential electrolytes 
following peroxidative damage to plasma membranes. They added that additional ascorbic acid significantly 
reduces the undesirable accumulation of sodium in the stems of salt stressed plants. Possibly, the protective effect 
of ascorbic acid is more related to reduce oxygen species damage to essential proteins and\or nucleic acids. 
Moreover, El-Laboudi et al., (1975) mentioned that ascorbic acid treatments particularly at the lowest level 
reduced the accumulation of the salts in soil solution. This results could be attributed to the beneficial effect of AA 
regardless its concentration and plant growth and the absorption of monovalent cations such as Na of the soil 
solution. As well as, Duran et al., (2004) attributed the effect of salinity on plant content of micro and 
macronutrient to one or more of the followings: i) N concentrations reduced in leaves but not in roots, while the P 
increased in leaves and decreased in the roots, ii) salinity decreases the P concentrations in plant tissues, iii) 
attributed leaf-K increases in some rootstock-section  combinations to an exchange between Na and K in the 
basal stem and proximal root from transport to the leaf, iv) K presence especially in leaves buffer against Cl 
damage, and v) under salinity, Fe concentration increased in leaf and diminished proportions as a result of AA 
addition regard to the rootstock.  
 
Na/K Ratio: 
 

Data recorded in Figure (1) illustrated the effect of AA and S and their combination on Na/K ratio relative to 
the plant age through monthly determination for both Na and K content.  Results mentioned that the effect of AA 
treatments alone on Na\K ratio are shown the lowest values as compared by the control and salinity treatments 
(2000 and 4000 ppm), there is no significant differences between AA treatments and control was observed. 

Concerning the effect of salinity treatments in this respect, it can be noticed that the maximum toxic or 
harmful values of this ratio were observed after 3 and 4 months at the high concentration on Zebda mango RS 
respectively while; Sukkary RS appear the less bad effect after 4 months at the condition. These ratio were (0.87; 
0.94 %) and (0.94; 0.98 %) in Sukkary and Zebda mango RS respectively at the two concentration of saline water 
irrigation at the end of the experiment. 

These results agreed with those obtained by Cerda et al., (1995) who stated that salinity decreased the K 
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concentration in the roots, suggesting an exchange of K with Na ions. The reduction in K uptake caused by Na is 
a well – Know competitive process in plant roots. 

Regarding to the interaction between the treatments Showed that it was a clear reduction in the ratio Na/K 
than salinity treatments alone. AA2+S1 treatment (0.57; 0.63) has a superior effect on decreasing this ratio 
followed by AA1+S1 (0.67; 0.75), AA2+S2 (0.66; 0.78) and AA1+S2 (0.79; 0.87) treatments in Sukkary and Zebda 
RS, respectively. 

From the obtained results (Table 3; Fig. 1) we can concluded that Sukkary mango RS was more resistance and 
tolerant to salinity than Zebda. The sensitive of Zebda RS was reflected in higher Na, Na/K ratio and lower K 
content in leaves compared with Sukkary at the same conditions. That is true during the increase of plant age.  

   

 
 
Fig. 1:  Na/K ratio periodically as affected by ascorbic acid and salinity and their combination of Sukkary and 

Zebda mango rootstocks. (Mean values of the two seasons). 
 
Vegetative Growth: 
 

Table (4) showed some vegetative growth monthly of the studied mango RS as affected by concentration of 
ascorbic acid and irrigation salinity and their combination. The growth parameters as affected by ascorbic acid 
treatments on Sukkary and Zebda rootstocks are showed that, all growth parameters such as, stem length, stem 
diameter and leaf area were increased significantly by spraying with the different levels of AA as compared with 
the control plants. The high concentration was more effect than low one and that is true in both Sukkary and Zebda 
RS during the increase of plant age. These increments in growth parameters by AA treatments might be attributed 
to the postulation of Shaddad et al., (1990) who assumed that the effect of AA on plant growth may due to the 
substantial role of AA in many metabolic and physiological processes. The same trend was also found by Tarraf et 
al., (1999) found that foliar application of AA had positive effects on growth parameters and increases in 
photosynthesis. Also, these results are in harmony with those obtained by Talaat, (2003) who found that thiamin 
and ascorbic acid significantly promoted vegetative growth. In this respect, Smirnoff, (1996) stated that ascorbic 
acid is the most abundant antioxidant that protects plant cells and He mentioned ascorbate has been implicated in 
regulation of cell division. In this connection the author pointed out that cell wall ascorbate and cell wall localized 
ascorbate oxidase has been implicated in control of growth, high ascorbate oxidase activity is associated with 
rapidly expanding cells.  

Concerning the effect of saline water irrigation treatments on growth parameters, data in Table 4 revealed that 
a reduction and inhibition in stem length, stem diameter and leaf area of Sukkary and Zebda RS by irrigation water 
treatments (2000 ; 4000 ppm) as compared with the control. More negative effect on growth parameters was 
clearly appeared by 4000 ppm saline water than 2000 ppm during the increase of plant age. 

The obtained results agreed with those obtained by Azza et al., (2006) who mentioned that salinity caused a 
reduction in stem diameter, number of leaves/plant and this reduction increased by increasing salinity levels. The 
reduction in stem length might be due to that salinity which decreased each of cell division, cell elongation and 
meristemic activity (Bernstein et al., 1972). Also, under salinity conditions reduction of leaves number /plant 
might cause a disturbance in natural hormones leading to unbalanced growth of plant. Glenn et al., (1999) 
reported that responses range from growth inhibition and accelerated leaf senescence under moderate stress, to 
permanent wilting of shoots. So, this deteriorates in plant growth due to salinity agreed with Cerda et al., (1995). 
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Table 4: Effect of ascorbic acid and water salinity and their combination on the stem length, stem diameter and leaf area periodically in 
Sukkary and Zebda mango rootstocks. (Mean values in the two seasons). 

 Root 
-stocks Treatments  

Sukkary Zebda 
1 

month 
2 

months 
3 

months 
4 

months Mean  
1 
month 

2 
months 

3 
months 

4 
months Mean  

St
em

 le
ng

th
(c

m
) 

Control  108.0 111.3 114.1 116.1 112.4 110.3 112.3 113.3 114.9 112.8 
AA1 (100ppm) 110.9 114.0 119.3 121.0 116.3 115.0 120.3 125.9 131.3 123.3 
AA2 (200ppm) 114.9 118.3 122.5 127.6 120.8 118.9 126.0 129.0 134.3 127.1 
S1 (2000ppm) 92.8 93.0 94.0 94.3 93.5 89.0 90.1 90.4 90.4 90.1 
S2 (4000ppm) 90.0 91.3 91.7 91.0 91.0 86.0 87.0 87.2 87.2 86.0 
AA1 + S1 104.8 108.3 112.9 113.0 109.8 108.0 107.1 110.0 111.5 109.2 
AA1 + S2 96.0 100.9 106.3 110.2 103.4 104.1 102.2 105.1 107.0 104.6 
AA2 + S1 107.9 111.9 115.9 117.5 113.3 110.9 111.6 114.2 116.9 113.1 
AA2 + S2 103.0 108.6 111.0 113.3 109.0 107.2 106.3 109.3 110.9 108.4 

LSD 5% 2.6 2.1 2.8 2.7  2.7 3.0 3.1 2.9  

S
te

m
 d

ia
m

et
er

 (
cm

) 

Control  1.04 1.10 1.15 1.20 1.12 1.03 1.12 1.15 1.22 1.13 
AA1 (100ppm) 1.11 1.18 1.25 1.30 1.21 1.13 1.19 1.26 1.31 1.22 
AA2 (200ppm) 1.19 1.28 1.23 1.39 1.30 1.20 1.27 1.33 1.40 1.30 
S1 (2000ppm) 0.84 0.86 0.89 0.90 0.87 0.85 0.86 0.87 0.87 0.86 
S2 (4000ppm) 0.78 0.80 0.81 0.82 0.80 0.76 0.78 0.78 0.78 0.78 
AA1 + S1 0.98 1.03 1.10 1.12 1.11 0.97 1.02 1.10 1.10 1.04 
AA1 + S2 0.92 0.95 1.03 1.04 0.99 0.91 0.94 1.02 1.02 0.97 
AA2 + S1 1.04 1.11 1.16 1.23 1.14 1.06 1.13 1.23 1.23 1.15 
AA2 + S2 0.98 1.02 1.09 1.11 1.05 0.98 1.00 1.12 1.12 1.05 

LSD 5% 0.05 0.06 0.05 0.07  0.05 0.06 0.06 0.06  

L
ea

f 
ar

ea
 (

cm
2 ) 

Control  76.4 81.2 83.3 85.2 81.5 79.0 83.7 84.6 86.9 83.6 
AA1(100ppm) 81.0 84.1 85.0 88.7 84.8 83.2 86.0 87.1 89.2 86.4 
AA2(200ppm) 84.2 86.5 87.9 91.8 87.6 85.9 88.7 89.9 92.6 89.3 
S1(2000ppm) 68.7 72.0 74.9 75.0 72.7 65.9 67.0 67.7 70.1 67.7 
S2 (4000ppm) 65.8 70.3 72.0 72.6 70.2 61.9 64.2 65.2 65.2 64.1 
AA1 + S1 75.0 78.0 82.8 83.0 79.7 72.1 75.7 79.5 81.5 67.7 
AA1 + S2 71.4 75.2 79.0 80.3 76.5 69.0 72.1 74.2 76.9 72.8 
AA2 + S1 78.0 82.9 84.0 86.1 82.8 77.9 80.9 82.5 84.8 81.6 
AA2 + S2 74.5 76.3 81.2 83.9 71.2 72.9 74.9 77.0 80.9 76.4

LSD 5% 2.8 2.3 2.0 2.6  2.6 2.4 2.2 2.5  
 
In respect to the interaction between AA and S, data noticed that AA2+S1 treatment which obtained with the 

high level of ascorbic acid foliar application and the low level of saline irrigation water, has a superior effect on 
increasing growth parameters, followed by AA1+S1, AA2+S2 and AA1+S2 on Sukkary and Zebda RS, respectively. 
One can notice that no significant differences between AA2+S1 treatment and the control one. Also, there is no 
significant difference between the two treatments AA1+S1 and AA2+S2 were observed. This finding is true for all 
the measured data (stem length, stem diameter and leaf area) which obtained from Table 4 in Sukkary and Zebda 
RS. Also, results noticed that although leaf area of control treatment in Zebda RS was bigger than the control in 
Sukkary RS in the beginning this study, it is clear that leaf area measurements by all treatments individually or 
combination were less than Sukkary RS at the end study. It can be concluded that Zebda mango RS was more 
sensitive to salinity all over the two seasons of the investigation. 

The increments of leaf area and leaf fresh and dry weights of Thompson seedless grapevine due to thiamin, 
ascorbic and citric acid treatments may be attributed to the effect of the used treatments on cell division and cell 
elongation Fayed (2010). 

Table (5) showed some vegetative growth of the studied mango RS as affected by concentration of ascorbic 
acid and irrigation salinity and their combination at the end of experiment (after 4 months). Data in Table (5) 
noticed that some studied vegetative growth  such as radical root length, radical root diameter, fine root no, dry 
weight of air and root system took the same trend in table 4 for the effect of all investigated treatments on Sukkary 
and Zebda RS. Also, ascorbic acid treatments had a promotive on all studied characters, while salinity treatments 
appeared to be the lowest one.  

 
Proline Content: 
 

Figure (2) showed that proline content as affected by AA, water salinity and\or their combination treatments 
at the end of experiment for the two studied mango RS. With respect to the effect of AA applications on proline 
content of leaves mango RS show that, AA levels 200 and 400 ppm enhanced the production of proline than the 
control at the end of experiment. Level 400 ppm was superior in increasing proline content. The same trend was 
also found by Nahed et al., (2006) which detected an increase in the concentration of endogenous proline when 
treated with the two different levels of AA (200 or 400 ppm). Data given in Fig. (2), it can be revealed that saline 
irrigated water at the two studied concentrations 2000 and 4000 ppm increased proline content in the leaves 
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compared with the control and AA treatments at the end of experiment, the high level was more effective in this 
respect. This result agree with those obtained by Nahed et al., (2006) which reported that irrigation with saline 
water at all levels 1000, 2000 and 3000 ppm increased proline content in the leaves as compared with the 
unstressed plants. Al-Bahrany (1994) mentioned that salt stress enhanced the production of proline which causes 
osmotic adjustment. Ackerson (1984) argued that cellular osmotic adjustment occurs in response to stress via an 
active or passive accumulation of solutes. Proline, which occurs widely in higher plants, accumulates in larger 
amounts than other amino acids in salt stressed plants (Ashraf and Harris, 2004).  
 
Table 5: Effect of ascorbic acid, water salinity and their combination on some vegetative characters at the end of experiment in Sukkary and 

Zebda mango rootstocks. (Mean values in the two seasons). 

Vegetative growth 
Sukkary Zebda 

RRL RRD F R no DW air DW root RRL RRD F R no DW air DW root 

Control 28.7 1.7 31.7 65.9 17.00 30.1 1.7 32.9 67.5 18.93 

AA1 (100ppm) 37.5 1.8 37.4 75.8 22.20 35.2 1.9 37.0 76.2 23.70 

AA2 (200ppm) 46.0 1.9 42.3 88.0 24.90 42.8 2.0 40.2 85.7 25.90 

S1 (2000ppm) 20.3 1.4 23.0 38.9 15.49 18.4 1.3 21.8 30.7 14.00 

S2 (4000ppm) 18.1 1.3 20.6 29.7 12.68 16.0 1.2 18.9 26.1 11.67 

AA1 + S1 31.9 1.5 30.1 65.8 19.00 30.4 1.4 29.5 62.0 16.30 

AA1 + S2 30.0 1.4 29.0 55.2 18.90 28.1 1.3 25.7 50.6 14.81 

AA2 + S1 35.2 1.7 33.9 70.1 20.30 32.6 1.6 33.7 66.8 18.0 

AA2 + S2 32.5 1.5 31.2 69.0 20.00 30.9 1.4 28.9 62.2 16.18 

LSD 5% 1.9 0.1 2.2 4.0 1.80 2.1 0.12 1.9 3.8 1.67 

RRL: radical root length (cm), RRD: radical root diameter (cm), FR no: fine root no, DW: dry weight of air     
(Stem and leaves) and root system (g).  

 
Regarding the interaction between AA and salinity Fig 2, data showed that a markedly increase in proline 

content by AA2+S2 followed by AA2+S1, AA1+S2 and AA1+S1 treatments in both studied RS. The above 
mentioned results are in harmony with those obtained by Nahed et al., (2006) which found that the high proline 
values were found when AA rate of 400 ppm combined with 300 ppm salinity. 

Concerning the effect of the different rootstocks of mango, it can be notice that the proline content in the 
leaves of Sukkary RS (more resistant to salinity), was higher than in Zebda RS (salt sensitive). These results are 
similar to that obtained by Hurkman et al., (1989) who indicated that Proline concentration in many salt tolerant 
plants has been found to be higher than that in salt sensitive ones, and they added that accumulation of proline in 
plants grown under saline conditions may provide storage from of nitrogen that is re-utilized when stress is over, 
and may play a role in osmotic adjustment. They added that a higher content of soluble proteins has been observed 
in salt tolerant than in salt sensitive cultivars of barley.  

Table (6) illustrated the simple correlation coefficient and their significant r value among studied nutrient 
content and some studied plant growth. Data revealed that all studied plant growth parameters were highly 
positively correlated at 1% level with N, P, K, and Fe under both investigated RS Sukkary and Zebda, except with 
sodium which is negatively correlated. 
 

 
 
Fig. 2:  Effect of ascorbic acid, water salinity and their combination on proline content at the end of experiment in 

Sukkary and Zebda mango rootstocks. (Mean values in the two seasons). 



1499 
J. Appl. Sci. Res., 7(11): 1492-1500, 2011 

 

Table 6: Simple correlation coefficient among some nutrients and some plant growth of two mango rootstocks. (Mean values in the two 
seasons). 

Variables 
Sukkary Zebda 

N P K Na Fe N P K Na Fe 

Stem L 0.990** 0.909** 0.909** -0.931** 0.969** 0.984** 0.947** 0.834** -0.928** 0.958** 

L A 0.896** 0.696** 0.860** -0.888** 0.824** 0.894** 0.777** 0.897** -0.929** 0.917** 

RRL 0.979** 0.938** 0.866** -0.810** 0.989** 0.994** 0.968** 0.845** -0.856** 0.972** 

RRD 0.927** 0.768** 0.936** -0.955** 0.844** 0.894** 0.761** 0.979** -0.935** 0.944** 

F R no 0.994** 0.907** 0.926** -0.8968** 0.973** 0.981** 0.917** 0.908** -0.951** 0.983** 

DW air 0.976** 0.964** 0.847** -0.898** 0.980** 0.989** 0.941** 0.853** -0.925** 0.967** 

DW root 0.961** 0.924** 0.845** -0.764** 0.975** 0.930** 0.813** 0.986** -0.900** 0.976** 

Stem L: stem length (cm), L A: leaf area (cm2), RRL: radical root length (cm), RRD: radical root diameter (cm), FR no: fine root no, DW: dry 
weight of air and root system (g). *: 5%, **: 1%. 

 
Conclusion: 
 

From the previously results obtained using antioxidant ascorbic acid, saline water irrigation and their 
combination, revealed a clear trend of the capability of mango rootstock Sukkary to resist the salt stress. The toxic 
and the intensity of negative effect of salinity on growth parameter at the end of the experiment (4 months) was 
clearly appeared on Zebda than Sukkary mango RS. This may be due to: i) the resistance of Sukkary RS to saline 
water irrigation treatments which was more tolerant to salinity than Zebda RS at the same concentration and same 
age, ii) the rootstock system of Sukkary uptake less Cl and Na from the soil solution, while by contrast Zebda RS 
was more effected by toxicity and transport to the session was also greater. So under salinity, Sukkary rootstock 
was preferable (salt tolerant plant) than Zebda rootstock (salt sensitive ones). 
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