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Four mango (Mangifera indica L.) rootstocks (Sukkary, Zebda, 13/1 and Peach) were selected and 
grafted with the scion Keitt to assess and identify their salt tolerance as foreign and local mango 
rootstocks. Saline treatment included irrigation with saline water at 1000, 2000 and 3000 ppm in addition 
to the untreated one (control) were tested on plant survival, leaf and root Na/K ratio and leaf content of 
antioxidant enzymes of peroxidase (POD) and poly phenyl oxidase (PPO) isozymes. The obtained 
results showed that salinity treatments decreased the survival percentage of Peach and 13/1 rootstocks 
followed by Sukkary were more tolerant, meanwhile Zebda rootstock considered less tolerant to salinity. 
The results revealed that the relative sensitive of grafts on Zebda rootstock was due to low Na/K ratio in 
the leaves compared with that on more tolerant ones on Sukkary, 13/1 and Peach rootstocks. The 
isozymes analysis of POD and PPO enzymes indicated that the low tolerance of "Zebda" rootstock could 
related its low content of these enzymes especially with the control treatment when compared with that 
in other tested rootstocks to the other rootstocks.  
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INTRODUCTION 

Water is becoming scarce not only in arid and 
drought areas but also in regain where rainfallis 
abundant (Pereira and Zairi, 2002). The shortage 
of water resources of good quality is becoming an 
important issue. For there the availability of water 
resources of marginal quality such as drainage 
water, saline groundwater and treated wastewater 
has become an important consideration (Beltrán, 
1999). Especially with expansion of desert land 
reclamation program, most areas in Egypt, which 
are located in an arid zone, are characterized by 
scarce water resources. It has led to use low 
waters quality in agriculture simultaneously with 
execution of the most efficient application 
technique. The salt effects on physiological 
process result from lowering of the soil water 
potential and the toxicity of specific ions (Bresler 

et al., 1982). The mechanisms of salt tolerance 
associated with the exclusion of Na+ and Cl− ions 
from leaves involve both the uptake selectivity in 
roots and also resistance in transferring these 
ions to the shoot (Maathuis and Amtmann, 1999). 
Vishambhar et al., (2014) found that the salt 
tolerance has been observed to be associated 
with the ability to restrict the uptake and/or 
translocation of Na+ and Cl- ions from the roots to 
shoot. Selection of high salinity tolerance 
genotype is a potential solution for the salinity 
problem (Ashraf and Harris, 2004). Thus one of 
important mechanisms of resistance against 
salinity in grafted plants display a great complexity 
which may be associated with specific interactions 
between the genotypes of scion and rootstock. 
Whereas Na+ accumulation was mainly depends 
on the rootstock although it also plays an 
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important role in the cultivar. In conditions of 
saline stress, Na+ tends to concentrate in the 
roots of the rootstock in some citrus scion-root-
stocks combinations (Behboudian et al., 1986). 
The Na+ ions are most toxic in the rootstock roots 
while Cl- ions are most toxic in the leaves of 
cultivar and rootstock (Duran et al., 2003). In 
general, Mango is one of the most important fruit 
crop in Egypt and worldwide. Furthermore, 
growing areas of Egyptian mango was 
continuously increasing especially in reclamation 
areas during recent times where it was 109 
thousand Feddans in season 2003, and reached 
for 283 thousand Feddans during 2016 season 
(Ministry of Agriculture Stat, 2016). Mango 
rootstocks and cultivars were different in their 
response to salinity injury (Nemat, 1991). 
Association of salt tolerance features of Gomera-1 
mongo rootstock is related to its capacity to 
restrict the uptake and transport of Cl- and Na+ 
ions from the rootstock to the above ground parts 
(Duran et al., 2003). Langra was the most 
sensitive mango cultivar to salt stress (Jindal et 
al., 1976) while rootstocks 13/1 and Gomera-1 
demonstrated tolerance to saline water (Kadman 
et al., 1976; Gazit and Kadman, 1983). Recent 
studies showed that salinity tolerance in plant was 
due to their resistance to oxidative stress (Gueta 
et al., 1997). The plant defense mechanism 
including antioxidant enzymes such as catalase, 
peroxidase, glutathione reductase, and 
polyphenol oxidase also, a non-enzymatic 
antioxidant and a cellular osmoregulation are 
involved (Niknam et al., 2003; Agarwal and 
Pandey, 2004; Demir and Kocaliskan, 2001; 
Asada, 2006).  Leaves of salt-stressed plant 
exhibited a greater activity of peroxidase and 
polyphenyl oxidase while activity of catalase was 
reduced (Abdallatif et al., 2015). The increased 
activities of the antioxidant enzymes upon salt 
stress are often related to the enhanced tolerance 
to salt stress (Gueta et al., 1997; Mittova et al., 
2004). Biochemical and physiological 
mechanisms in mango involved with the 
interaction between genotypes of scion and 
rootstock are still poorly understood (Vishambhar 
et al., 2014). Thus the objective of this study is to 
assess the tolerance of some foreign and local 
mango rootstocks subjected to salt stress and 
identify the subsequent effects on 
sodium/potassium ratio and leaf isozymes 
electrophoresis. 
 
 
 

MATERIALS AND METHODS 
This work was conducted during the two 

successive seasons of 2016 and 2017. In each 
season, the experiment was carried out during the 
period from March until October in the Horticulture 
Research Institute, Agriculture Research Center, 
greenhouse, Giza Government. 

Plant material:  
Uniform and healthy grafted seedling 

transplants were used in this experiment, each 
transplant was grown in black poly ethylene bags 
each was filled with 10 kg washed sand. The 
following rootstocks were considered: Sukkary, 
Zebda, 13/1 and Peach; whereas, Keitt was 
considered as scion. 

Salinity treatments:  
Three concentrations were used, 1000, 2000 

and 3000 ppm plus the tap water (288 ppm) which 
was used as a check treatment (control). The 
mixture of used salt was made according to 
Strogonov (1964) whereas a saline mixture 
(78gNaCl, 10g MgSo4, 9g CaCo3, 2g MgCl2 and 
1g CaSo4) were dissolved in a tap water at the 3 
pervious concentrations and used for irrigating the 
transplants throughout experiment period. 
However, every treatment comprised three 
replicates (5 plants/replicate) and the randomized 
complete blocks design was adopted for this 
factorial experiment.To insure an accurate system 
of irrigation with saline tap water, moisture content 
of soil was kept within 65-70 % of the field 
capacity throughout the period of the experiment 
in both seasons, from March till the end of 
October in each season. Moreover, at each of the 
third saline irrigation period, the volume of the 
prepared saline irrigation water applied to each 
grafted plant was increased by about 25% for 
leaching requirements to avoid the effect of salts 
accumulation in the soil in containers (Moya et al., 
2002).   In addition, grafted plants were sprayed at 
biweekly with commercial fertilizer (christalon 
19:19:19) as a nutritive minerals resource. 

Survival percentage:  
At the end of experimental the percentage of 

survived transplants was calculated for each 
replicate. 

Mineral content accumulation:  
Samples of leaves and roots for each 

replicate were taken at the end of each season 
then dried at 70 ◦C and prepared for determined 
sodium and potassium content using Flame 
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photometer apparatus according to Brown and 
Lilleland (1946).  

Isozymes electrophoresis:  
Fresh young leaf samples were taken at mid 

of September and were   used separately for 
isozyme extraction. The Native-polyacrylamide gel 
electrophoresis (Native-PAGE) was conducted to 
identify isozyme variations among the studied 
plants using two isozyme systems according to 
Stegmann et al., (1985). The investigated 
isozymes were peroxidase (POD) and polyphenyl 
oxidase (PPO). The isozyme extraction from 
leaves of grafted Keitt mango plants under 
investigation was prepared following the 
procedure of Wender and Weeedn (1989). For 
determination of Peroxidase (POD), the gel was 
incubated at room temperature until bands 
appeared (Brown, 1978). 

 As for polyphenyl oxidase (PPO), Native–
polyacrylamide gel electrophoresis was performed 
according to Davis (1964) and the gel was stained 
after run according to Tankseley and Rick (1980) 
for polyphenyl oxidase (PPO) isozymes. 

Statistical analysis:  
Results obtained from this experiment were 

subjected to Factorial randomized complete 
blocks according to the method outlined by 
Snedecor and Cochran (1980). Means was 
compared using L.S.D. values at the 5% level. 
 
 
 

RESULTS AND DISCUSSIONS 

Effect of irrigation with saline water on 
transplant survival percentage.  

The survival percentage of Keitt mango 
grafted on four rootstocks (Sukkary, Zebda, 13/1 
and Peach) is shown in Table (1). On the average 
using tap water or 1000% saline solution resulted 
in significantly the highest survival percentage 
(100%).  Increasing the concentration of salt 
solution up to 2000 and 3000 ppm decreased 
significantly the percentage of survival with 
insignificant differences in the first season. 
Whereas 3000 ppm resulted in a significantly 
lower survival percentage in the second season. 
On the average using both Peach and 13/1 
rootstocks led to significantly the highest 
percentage in both seasons (100%). Whereas 
using Zebda rootstocks led to significantly the 
lowest percentage. Interaction data show that, 
grafting on Zebda rootstock showed the lowest 
percentage at 2000 and 3000 ppm, with 
insignificant difference followed by Sukkary 
rootstock. 

These results are in agreement with Roy et 
al., (2014). They noticed low success and 
survivability of mango due to high salinity. 
Furthermore, number of researches pointed out 
the differences of mongo rootstocks to salinity 
tolerance. The lower mortality percentage was 
earlier reported in 13/1, one of the most 
successful rootstock selections for its tolerance to 
salinity (Gazit and Kadman, 1980). 

Table 1. Survival percentage of the Keitt mango grafted on the four tested rootstocks in relation to 
irrigation with saline water 

Rootstocks 

Salt Conc. Sukkary Zebda 13/1 Peach Mean 

Season (2016) 

Control 100a 100a 100a 100a 100A 

1000 ppm 100a 100a 100a 100a 100A 

2000 ppm 86.66ab 66.66c 100a 100a 90B 

3000 ppm 80b 60c 100a 100a 90B 

Mean 92B 82C 100A 100A  

Season (2017) 

Control 100a 100a 100a 100a 100A 

1000 ppm 100a 100a 100a 100a 100A 

2000 ppm 93.33a 66.66bc 100a 100a 88B 

3000 ppm 73.33b 53.33c 100a 100a 86C 

Mean 92B 80C 100A 100A  
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Effect of irrigation with saline water on 
transplant leaf and root Na/K ratio.  

Data recorded in Table (2&3) illustrated the 
effect of rootstocks, salinity and their combination 
on Na/K ratio in leaves and roots. Results show 
that in general, increasing the concentration of the 
saline results in a significant increase in this ration 
in both the leaves and roots. With respect to the 
rootstock effect, grafts on Zebda rootstock 
showed significantly the highest magnitude of this 
ratio for the leaves and the lowest for the roots. 
The interaction data show that for the leaves, 
highest ratio was that for grafts on Zebda 
rootstock irrigated with 3000 ppm saline solution 
and for roots of grafts on Sukkary irrigated with 
3000 ppm in the first season and Zebda irrigated 
with same concentration in the second.  

Previous results showed that different results 
for Na/K ratio among the leaves and roots with 
different studied rootstocks, we found that there 
was an increase in the percentage of Na/K in the 
roots of some rootstocks while this percentage 
was decreased in the leaves as in plants on 
Sukkary, 13/1 and Peach and rootstocks. On the 
other hand, the percentage of Na/K was increased 
in the leaves of grafts on Zebda rootstock but 
decreased in its roots, which explained the 
increase in movement of Na+ from the roots to the 
leaves, on the contrary of grafted on Sukkary, 
13/1 and Peach rootstocks which had decreased 
Na/K ratio in their leaves. These results agree 
with Omima et al., (2011) who found that the 
sensitivity of Zebda was reflected in higher Na 
and lower K content in leaves compared with 
Sukkary at the same conditions. In addition, 
Walker (1986) attributed leaf-K increases in some 
rootstock-scion combinations to an exchange 
between Na and K in the basal stem and proximal 
root whereby K was released from the root to the 
xylem for transport to the leaf. Boursier and 
Lauchli (1990) reported that under salt stress, the 
sensitive genotypes exhibit the lowest leaf 
potassium content and the highest sodium content 
in maize. Also, Durán et al., (2003) mentioned that 
the effects of salt stress on the K+/Na+ ratio 
suggest that some of the K+ from the fibrous roots 
or the main root was transported to the leaves, to 
a greater extent in the plants. Vishambhar et al., 
(2014) reported that salt tolerance has been 
associated with the ability to restrict the uptake 
and/or translocation of Na+ ion from the roots to 
shoot. 

Effect of irrigation with saline water on 
isozymes.  

The plant antioxidant enzymes such as 
catalase, peroxidase, glutathione reductase and 
polyphenol oxidase are often related to the 
enhanced tolerance to salt stress (Demir and 
Kocaliskan, 2001; Niknam et al., 2003; Agarwal 
and Pandey, 2004; Asada, 2006). 

In the present study the isozymes systems 
analysis of peroxidase and poly phenol oxidase 
that were carried out to distinguish the variation 
resulted due to exposure to salinity stress in 
leaves of Keitt mango grafted on the four tested 
mango rootstocks based on polyacrylamide gel 
electrophoresis. 

a. Peroxidase banding patterns.  
The electrophoretic patterns of peroxidase 

(POD) isozymes are illustrated in Fig. (1) and 
Table (4). They identified up to seven distinct 
bands of POD isozymes in Keitt mango plants 
grafted on  four tested rootstocks at different RF 
values varying from (0.20 to 0.96). Leaves of Keitt 
grafted on Sukkary root stock showed high 
intensity of peroxidase with the highest salinity 
level in bands no. (2), (3), (5) and (6) while less 
density was recorded in the same samples of the 
control plants. Also, a new band was determined 
in bands no. (1) and (7) at the high salinity level 
compared with control plants. Grafts on Zebda, 
13/1 and Peach rootstocks showed low number 
and low intensity of detected bands compared to 
that recorded in grafts on Sukkary rootstock. In 
case of 13/1 and Zebda rootstocks, the high 
intensity was noticed in band no. (3) at the high 
level of salinity. As for Peach rootstock, a new 
band was detected in band no. (4) at the stressed 
plants compared with control plants. These results 
revealed that the intensities of seven POD 
isoforms were sensitive enhanced under salinity 
stress. The increase of band intensity and 
appearance of new bands may be an indication of 
an increase in POD activity under salinity 
conditions. 

b. Polyphenyleoxidase banding patterns.  
The electrophoresis patterns of polyphenyle 

oxidase (PPO) isozymes are demonstrated in Fig. 
(2) and Table (4). A total of eleven bands were 
characterized for ( PPO) isozymes in Keitt mango 
plants grafted on  four tested rootstocks at 
different RF values varying from (0.52 to 0.97). 
Ten of these bands were detected in Keitt mango 
grafted on Sukkary and Peach rootstocks under 
salt stress. 
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Table 2. Leaf Na/K ratio of the Keitt mango grafted on the four tested mango rootstocks. 
 

Rootstocks 

 

Salt Conc. Sukkary Zebda 13/1 Peach Mean 

Season (2016) 

Control 0.86c 0.78d 0.71e 0.63g 0.74C 

1000 ppm 0.79d 0.85c 0.71e 0.49i 0.70D 

2000 ppm 0.69f 1.30b 0.78d 0.47j 0.81B 

3000 ppm 0.61h 1.50a 0.86c 0.43k 0.85A 

Mean 0.74C 1.11A 0.77B 0.51D  

Season (2017) 

Control 0.81e 0.79f 0.67a 0.66ij 0.73C 

1000 ppm 0.69h 0.87d 0.71d 0.57l 0.71D 

2000 ppm 0.65j 1.32b 0.82cd 0.46m 0.82B 

3000 ppm 0.61k 1.57a 0.90bcd 0.44m 0.88A 

Mean 0.69C 1.14A 0.78B 0.53D  

 
Table 3. Root Na/K ratio of the Keitt mango grafted on the four tested mango Rootstocks. 

 

Rootstocks 

Salt Conc. Sukkary Zebda 13/1 Peach Mean 

Season (2016) 

Control 3.19f 1.41i 2.96g 3.24f 2.70D 

1000 ppm 3.49e 1.85h 3.01g 3.44e 2.95C 

2000 ppm 4.94b 3.26f 4.04d 4.01d 4.06B 

3000 ppm 5.17a 4.38c 4.06d 4.40c 4.50A 

Mean 4.20A 2.73D 3.52C 3.78B  

Season (2017) 

Control 2.46j 1.45l 2.53ij 2.88g 2.33D 

1000 ppm 2.77h 1.87k 2.59i 3.04f 2.57C 

2000 ppm 3.79c 3.10f 3.53e 3.58e 3.50B 

3000 ppm 3.95b 4.21a 3.67d 3.87c 3.92A 

Mean 3.24B 2.66D 3.08C 3.34A  

 
 

 
 

Figure (1). Peroxidase isozyme banding patterns (POD). 
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Table (4). Distribution of peroxidase isozyme groups of Keitt mango grafted on four mango 
rootstocks according to their relative mobilities and densities. 

Peroxidase groups Relative mobility 
Sukkary Zebda 13/1 Peach 

1 2 3 4 5 6 7 8 

Px1 0.20 -           0 0           0 0            0 0              0 

Px2 0.30 ++        + -           - -            + -               - 

Px3 0.40 +           - +          - ++         - -               - 

Px4 0.76 0           0 0          0 0            0 0             + 

Px5 0.80 +++      + 0          + -             + +++       +++ 

Px6 0.95 ++        0 -           + 0            0 0             0 

Px7 0.97 -           0 0           0 0            0 0             0 
(+++) High Density, (+) Moderate Density, (-) Low Density, (0) absent band. 
(1) Keitt on Sukkary  (3000 ppm), (2) Keitt on Sukkary (control), (3) Keitt on Zebda (3000 ppm), (4) Keitt on Zebda  
(control), (5) Keitt on 13/1 (control), (6) Keitt on 13/1 (3000 ppm), (7) Keitt on Peach (control) and (8) Keitt on Peach 
(3000 ppm).   

 
Figure (2). Polyphenyl oxidase isozymes banding patterns (PPO) 

 
Table (4) Distribution of polyphenyl oxidase isozyme groups of Keitt mango grafted on four 

mango rootstocks according to their relative mobilities and densities. 

Polyphenyl  
oxidase groups 

Relative 
mobility 

Sukkary Zebda 13/1 Peach 

1 2 3 4 5 6 7 8 

PPO1 0.52 0           0 0             0 0             0 0              + 

PPO 2 0.55 +++       + ++           + ++           ++ +             ++ 

PPO 3 0.56 +            0 -              0 -               - -               - 

PPO 4 0.58 -             0 0             0 0              - 0              0 

PPO 5 0.77 +            ++ -              0 -               - -               - 

PPO 6 0.78 +            + -              0 -               - -               - 

PPO 7 0.80 +            - -              0 -               - -               - 

PPO 8 0.81 ++          - -              0 -               - -               - 

PPO 9 0.82 +++       ++ +             0 +            ++ +           +++ 

PPO 10 0.87 -              - 0             0 0             0 -              ++ 

PPO 11 0.97 +             - 0             0 0             0 -               + 
 
(+++) High Density, (+) Moderate Density, (-) Low Density, (0) absent band. 
(1) Keitt on Sukkary  (3000 ppm), (2) Keitt on Sukkary (control), (3) Keitt on Zebda (3000 ppm), (4) Keitt on Zebda  
(control), (5) Keitt on 13/1 (control), (6) Keitt on 13/1 (3000 ppm), (7) Keitt on Peach (control) and (8) Keitt on Peach 
(3000 ppm). 
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 Moreover, grafts on Sukkary rootstock 
showed high intensity in most bands, especially 
with bands no. (2), (8) and (9) besides de novo 
ones (3 and 4) in the stressed plants compared 
with the control. In case of Peach rootstock, a new 
band was observed in band no. (1) with the 
stressed plants while it was absent in all other 
grafts. On the other hand, grafts on Zebda 
rootstock showed only one band (no. 2) in control 
plants, meanwhile it raised to 7 bands under salt 
stress. In the case of 13/1 rootstock we observed 
appearance of 8 bands in stressed plants. Also, 
there are an increase of band intensity in the 
stressed plants compared with non-stressed ones 
plants (control). The preview results of isozymes 
analysis (POD) and (PPO) indicated that the graft 
on Sukkary rootstock had the highest increase of 
band intensities and appearance of new bands 
followed by grafts onto Peach and 13/1 rootstocks 
compared with Zebda rootstock. 

Similar results were also reported by Abd-
Allatif et al., (2015) who studied the effect of 
salinity treatments on peroxidase activity (POD) 
and polyphenyl oxidase (PPO) of some mango 
cultivars he found that the leaves of salt-stressed 
plant exhibited a greater activity of peroxidase and 
polyphenyl oxidase. Also, Vishambhar et al., 
(2014) who found that, the highest increase in 
POX activity was recorded in graft with kurakkan 
followed by Olour mango rootstocks, Sabet (2008) 
reported that, the electrophoretic patterns showed 
that there were differences between control and 
other treated samples in number and intensity of 
peroxidase isozyme bands in some citrus 
rootstocks. Moreover, Mahgoub et al., (2016) 
revealed that the intensities of seven POD 
isoforms were enhanced under salinity stress. The 
increase of band intensity and appearance of new 
bands may be an indication of an increase in POD 
activity under salinity conditions of different 
soybean cultivars. 

CONCLUSION 
The objective of this study is to assess the 

tolerance of some foreign and local mango 
rootstocks subjected to salt stress and identify the 
subsequent effects on sodium/potassium ratio and 
leaf isozymes electrophoresis. 
 
CONFLICT OF INTEREST 

The authors declared that present study was 
performed in absence of any conflict of interest. 
 
ACKNOWLEGEMENT 

The author would thank all participants. 

AUTHOR CONTRIBUTIONS 
All authors contributed equally in all parts of 

this study. 

Copyrights: © 2017 @ author (s). 
This is an open access article distributed under the 
terms of the Creative Commons Attribution License 
(CC BY 4.0), which permits unrestricted use, 
distribution, and reproduction in any medium, 
provided the original author(s) and source are 
credited and that the original publication in this 
journal is cited, in accordance with accepted 
academic practice. No use, distribution or 
reproduction is permitted which does not comply 
with these terms. 

 
REFERENCES   
Abd-Allatif, A.M; El Kheshin, M.A. and Rashedy, 

A.A. (2015). Antioxidant Potential of some 
Mango (Mangifera indica L.) Cultivars 
Growing under Salinity Stress. Egypt. J. 
Hort.,Vol.42, (2) pp: 654-665. 

Agarwal, S. and Pandey, V. (2004). Antioxidant 
enzyme responses to NaCl stress in Cassia 
angustifolia. Biol. Plant, 48: 555–560. 

Asada, K. (2006). Production and scavenging of 
reactive oxygen species in chloroplasts and 
their functions. Plant Physiol., 141:391–396. 

Ashraf, M. and Harris, P.J.C. (2004). Potential 
biochemical indicators of salinity tolerance in 
plants. Plant Sci., 166: 3–16. 

Behboudian, M.H.; Torokfaldy, E. and Walker, 
R.R. (1986). Effects of salinity on ionic 
content, water relations and gas exchange 
parameters in some Citrus scion-root- stocks 
combinations. Sci. Hort., 28: 105-116. 

Beltrán, J.M. (1999). Irrigation with saline water: 
benefits and environmental 
impact. Agricultural water 

management, 40(2):183-194. 

Bresler, E. ; Mcnael, B.L. and Carter, D.L. (1982). 
Saline and Sodic   Soils: Principles, Dynamic 
Modeling, 236pp. SpringerVerlag, Berli. 

Brown, A.H.D. (1978). Isozymes, plant population 
genetic structure and genetic conservation. 
Theoret.  Appl. Genetics, 52:145- 157. 

Brown, J.D. and Lilleland, O. (1964). Rapid 
determination of potassium and sodium in 
plant material and soil extract by flame 
photometery. Proc. Amer. Soc. Hort. 
Sci.73:813. 

Boursier, P. and Läuchli, A. (1990). Growth 
responses and mineral nutrient relations of 
salt-stressed sorghum. Crop Sci., 30: 1226-
1233. 

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/


Fayek et al.,                                                                     Salt tolerance of mango grafted on rootstocks.   

 

                                                        Bioscience Research, 2018 volume 15(4):3123-3130                                               3130 

 

Demir, Y. and Kocaliskan, I. (2001). Effects of 
NaCl and proline on  polyphenol oxidase 
activity in bean seedlings. Biol. Plant, 44: 
607–609. 

Duran ,V.H.; Martinez, R.A. and Aguilar, R.J. 
(2003). Salt tolerance of mango rootstocks 
(Magnifera indica L. cv. Osteen). Spanish 
Journal of Agricultural Research, (1): 67-78. 

Gazit, S. and  Kadman, A. (1980) .“13/1”mango 
rootstock selection.Hort Sci,.15: 669. 

Gazit, S. and Kadman, A. ( 1983). Selection of 
mango root-stocks for calcareous soils and 
saline irrigation water in the Arava. In: 
Institute of Horticulture. The Volcani Center. 
Scientific activities, Special  Publication, 222: 
93. 

Gueta,D.;Yaniv,Y.Z.; Zilinkas, B.A. and Ben-
Hayyim, G. (1997). Salt and oxidative stress: 
similar and specific responses and their 
relation to salt tolerance in Citrus. Planta, 
203: 460-469. 

Jindal, P.C; Singh, J.P. and Gupta, O.P. (1976). 
Salt tolerance of mango: A note on 
phosphorus and magnesium deficiency 
caused by sodium sulphate. Haryana J 
Hortic Sci. 5: 13-14.  

Kadman, A.; Gagit, S. and Ziv, G. (1976). 
Selection of mango rootstock for adverse  
water and soil conditions in arid areas. Acta 
Hortic.  57: 81-88. 

Maathuis, F.J.M. and Amtmann, A. (1999). K+ 
nutrition and Na+ toxicity: the basis of cellular 
K+/Na+ ratios. Ann. Bot., 84: 123–13. 

Mahgoub, H.A.M. ; Ahmed, R. S.; Esam, A. A. 
and Mahmoud, S. A. (2016). Molecular 
Markers Associated with Salt-Tolerance of 
Different Soybean (Glycine max L.) Cultivars 
under Salt Stress. Int. J. Adv. Res. Biol. Sci. 
3(8): 241-267 

Ministry of Agriculture, A.R.E. (2015). Economic 
Agriculture, Department of Agriculture 
Economic and Statistics. 

Mittova, V.; Guy, M. and Volakita, M. (2004). 
Salinity up-regulates the antioxidative system 
in root mitochondria and peroxisomes of the 
wild salt-tolerant tomato species 
Lycopersicon pennellii. Journal of 
Experimental Botany, 55: 1105-1113. 

Moya,   L.; Francisco, R.; Cadenas, A.; Millo, E. 
and Talon, M. (2002).Transmissible salt 
tolerance traits identified through reciprocal 
grafts between sensetive Carrizo and 
tolerant celopatra citrus genotype. J. plant 
physiol., 156: 991-998. 

Nemat, Y.A. ( 1991). Studies on the effect of 

salinity on mango seedlings Ph.D. Thesis, 
Fac. Agric., Cairo Univ., Egypt. 

Niknam, V., N. Razavi, H. Ebrahimzadeh and B. 
Sharifizadeh  (2003). Effect of NaCl on 
biomass, protein and proline contents, and  
antioxidant enzymes in seedlings and calli of 
two Trigonella species. Biol. Plant, 50:591–
596. 

Omaima, M.H.; Malaka, A. S.; Abo Ellil, A.A. and 
Kassab, O.M. (2011). Impact of Ascorbic 
Acid in Salt Tolerant of Some Mango 
Rootstock Seedlings. , Journal of Applied 
Sciences Research, 7(11): 1492-1500. 

Pereira, L.S.; Oweis, T. andZairi, A. (2002). 
Irrigation management under water 
scarcity. Agricultural water 

management, 57(3):175-206. 

Roy, R.K.; Robbani, M.M.; Ali, S.K.; Bhowal, and 
Erfan, A.N.M.          (2014).Variations in 
salinity tolerance of selected Mango 
rootstocks. Bangladesh  Agron. J., 17(1): 89-
94. 

Sabet, N.A. (2008). Effect of salinity and certain 
treatments on salt tolerance  aspects of 
some citrus rootstocks. Ph.D. Thesis, Fac. 
Alex. Univ.,   Egypt, pp:153. 

Snedecor, G.W. and Cochran, W.G. (1980). 
Statistical methods.7th ed. Iowa State Univ. 
Press., Ames., Iowa, U.S.A. 

Stegmann, H.; Affify, A.M.R. and Hussein, K.R.F. 
(1985). Cultivar identification of dates 
(Phoenix  dectylifera) by protein patterns. 2nd 
international symposium OF Biochemical 
Approaches to identification of cultivars . 
Braunschweig, West Germany, 44pp.  

Tanksley, S.D. and Rick, C.M. (1980) .Theoret. 
Appl. Genetics 58: 161. 

Vishambhar, D.; Anil, K.D.; Om, P. A.; Raghunath, 
P. and Anil, D. (2014). Growth, lipid 
peroxidation, antioxidant enzymes and 
nutrient accumulation in Amrapali mango 
(Mangifera indica L.) grafted on different 
rootstocks under NaCl stress. Plant 
Knowledge Journal, 3(1):15-22. 

Walker, R.R. ( 1986). Sodium exclusion and 
potassium-sodium selectivity in salt-treated 
trifoliate orange (Poncirus trifoliate) and 
Cleopatra mandarin (Citrus reticulata) plants. 
Aust. J. Plant Phys., 13: 293-303. 

Wender, J.F. and Weeden, N.F. (1989). 
Visulization and interpretation of plant 
isozymes. In: isozymes in Plant Biology; 
advance in plant science series (Eds. Soltis 
,D.E. and Soltis P.S.) Washington, pp.5- 45. 


