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ABSTRACT  
 

A pot culture experiment was conducted under shade net house conditions during 2010-2011 at the 
National Research Center, Egypt, to study variability in salt tolerance of varieties (Flame seedless, Early sweet, 
Superior seedless and Red Glob) grafted on two rootstocks (Salt creek, Freedom) compared with own rooted 
vines on growth and nutrient content under varying levels of salinity treatments (1000, 2000, 3000 ppm). Vine 
growth (vine length, inter-node length and number of leaves per vine) significantly decreased with the increase 
in salinity levels in all vines. At the highest salinity level (3000 ppm), the survival vine percentage was zero % 
for own rooted vines, except, the own rooted Flame seedless that recorded 50 percent of vine survival. Among 
the scion-rootstock vines, about 70-80% vine survival was observed with the vines grafted on Salt creek and 60-
65% in vines grafted on Freedom rootstock. Increasing salt concentration significantly reduced the N, P and K 
contents in the leaf petioles. On the contrary, leaf proline, Na and Ca content were increased with increasing the 
salinity level. Based on the gained results, all cultivars grafted on Salt creek rootstock were more tolerant to 
irrigation with the studied salinity treatments.  
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Introduction 
 

Grape (Vitis spp.) is one of the most commercially grown important fruit crops in the world. In Egypt, it 
is one of the most important temperate-fruit zone that ranks second after citrus. The planted area reached 
188543 fedan in 2013, producing 1378815 tons (Ministry of Agriculture statistics, 2013). Salinity is a serious 
concern in grape production, owing to moderate tolerance to saline environment. Among the strategies adopted 
for sustaining growth and productivity of vine cultivars under salinity, use of tolerant rootstocks is widely 
accepted (Singh et al. 1993). The salinity tolerance induced by rootstocks is attributed to root system restricting 
the movement and/or limiting absorption and accumulation of toxic ions from the saline soils (Hepaksoy et al. 
2006, Walker et al. 2002). As the mineral content of grape leaves is important for a human and plant balanced 
nutrition, it will also prove highly useful to investigate the effect of various salinity levels on chemical 
composition of grape leaves (Alexander and Obbink 1971). Proline is one of the non-protein amino acids that 
known to occur widely in higher plants and normally accumulates in large quantities in response to 
environmental stresses to maintain turgor pressure (Kishor et al., 2005). Salt tolerance is the ability of plants to 
survive and grow under saline conditions and is a variable trait that depends on many factors, including species 
(Volkmar et al., 1998). Plants generally vary in response to soil salinity and grapevines, in particular, have been 
defined as moderately sensitive to salinity (Downton, 1977). In a number of studies, a positive correlation 
between the accumulation of these two osmolytes and stress tolerance has been reported (Yamada et al., 2003; 
Yang et al., 2003). Fozouni et al. (2012) demonstrated that, in response of hydroponically grown four own 
rooted table grape (Vitis vinifera L.) cultivars to different salt concentration, proline accumulation significanly 
increased with increasing salinity. To be able to endure oxidative damage under conditions which favors 
increased oxidative stress such as salinity, plants must possess efficient antioxidant system. 

This study aimed to determine the effects of saline irrigation water on the tolerance of grapevine growth 
and mineral content with reference to rootstock type. It also aimed at determining the tolerance to salt stress 
among the cultivars Flame seedless, early sweet, Superior seedless and Red Glob whether on their own roots or 
grafted on Salt Creek and Freedom rootstocks 

 
Materials and Methods 
 

A pot culture experiment was conducted under shade net house condition at the National Research Center 
at Dokki, Giza governorate Egypt, during 2010 and 2011 seasons.The study aimed to evaluate the response of 
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vines of four grape vine cultivars, Flame seedless, Superior seedless, Early sweet and Red Glop, grafted onto 
Salt Creek or Freedom rootstocks, in addition to the same ungrafted cultivars (own rooted cultivars) which 
served as control. The tested vines of one year old were planted individually in plastic containers in the first 
week of February of each season. Each container contained 25 kg of a mixture of peatmoss and sand (1:2 v/v). 
Water drainage was allowed through holes provided at the bottom of container. The vines were irrigated every 
2-3 days with a compound fertilizer (19:19:19) at 2g/l (one liter for each container) before starting salinity 
treatments. Salt treatment started in the first week of May till the end August during both seasons of 
investigation. The salt mixture was prepared by mixing NaCl, CaCl2 and MgCl2 salts according to the obtained 
balance by Ibraheim and El-Kobbia (1986) as follows:  

3 [NaCl]: 1 [3 (CaCl2) + 1 (MgCl2)] 
The chosen treatment of such mixture were: 1000, 2000 and 3000 ppm. The vines were irrigated with saline 
solutions twice a week; each container received one liter every time. Moreover, at each of third saline irrigation 
time, the volume of saline water was increased by about 25% as a leaching requirement to avoid salt 
accumulation in soil containers. 
The experimental treatments were arranged in a complete randomized blocks design. Each treatment was 
represented in three and each replicate contained 2 vines. The obtained data were statistically analyzed at 5% 
level according to Snedecor and Cochran (1982). 
 
The following determinations were studied:- 
 
Growth measurements: 
 
Vine height:  
 

At the end of the experimental period, the total shoot length of the vine was measured in centimeter using 
the geometrical scale. 
 
Inter-nodal length: 
 

The inter-nodal length was measured in centimeter between the fully opened leaves near the tip of the 
shoot and the preceding leaf. 
 
 Number of leaves: 
 
The total number of leaves per vine on each randomly sampled vine per treatment was recorded. 
 
Vine Survival: 
 
The vine Survival was recorded at the end of the experiment and the values were expressed in percentages. 
 
Chemical determinations: 
 
Mineral analysis: 

 
        For the determination of nutrient content, samples from 5-7th nodes (Shawky et al., 1996) from vine top. 
Oven dry leaves petiole, then appropriate weight of 0.5 g was digested using a mixture of perchloric acid and 
sulphoric as; 1:4 (v/v) until clear solution was obtained. The digested solution was quantitatively transferred to 
100 ml volumetric flask and increased with deionized water to standard volume. Thereafter, contents of different 
elements for each sample were determined as follows: N% (Pregl, 1945). P% (Jackson, 1958). K and Na % 
(Brown and Lilleland, 1946). Ca% (Barrows and Simpson, 1962).  
 
Proline: 
  

Proline content was estimated for the leaves subjected to water-stressed plants using the method of Bates 
et al. (1973). Leaves (100 mg) from water-stressed plants were separately homogenized in 10 mL of 3% 
sulphosalicylic acid using mortor and pestle and centrifuged at 5000 rpm for 10 min and the supernatant was 
collected for the estimation of Proline. Ninhydrin (1.25 g) was dissolved in 30 mL of glacial acetic acid and then 
20 mL of 6 M phosphoric acid was added and kept for 24 h at 40 C. To 2 mL of plant extract, 2 mL of acid 
Ninhydrin and 2 mL of glacial acetic acid were added and the mixture was boiled at 100 oC for 1 h in a water 
bath. Then, the solution was cooled and the reaction was terminated. About 4 mL of toluene was added to the 
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contents and mixed vigorously for few sec and optical density (OD) values for the colored component was 
measured at 520 nm using toluene as the blank. From the OD values, proline content (μmoles/g fresh wt.) was 
calculated separately. 

 

Results and Discussion 

Growth measurements 
 
     Average vine height: 
 

Data presented in Table (1), showed the response of different levels of salinity of irrigation water on the 
vine of Flame seedless, Early sweet, Superior seedless and Red Glob cultivars grafted on Salt creek, Freedom 
rootstocks and own rooted vines. 

  
   Salinity level: 
 

The height of grape vines was seriously affected with the increase of salinity level regardless of the kind 
of rootstock. Grafted grape vines managed to survive salinity levels up to 3000 ppm for all cultivars. The 
highest level 3000 ppm was still injurious to rooted vines and this was true in 2010 and 2011 seasons. The 
reduction observed on growth parameters at increasing salinity levels can, in some instances, be attributed to 
salinity-induced adverse change in leaf water relations reducing photosynthesis, dehydration of proteins and 
protoplasm to a lower extent (Nieves et al., 1991 and Tozlu et al. 2000) and this may also be because of osmotic 
effect of salt on root and toxic effect of accumulated ions on the plant tissues (Lea-Cox and Syvertsen 1993 and 
Storey 1995). 

   
Table 1: Effect of saline irrigation water on vines height (cm) of Flame, Early sweet, Superior and Red Glob cultivars grafted on Salt creek, 

Freedom rootstocks and own rooted vines in 2010-2011 seasons.  

Salinity 
 

Rootstocks 

2010 2011 
ppm Ppm 

1000 2000 3000 1000 2000 3000 
Flame 

Salt creek 138.91 95.02 51.87 225.75 124.08 60.37 
Freedom 110.02 54.97 40.09 121.85 65.63 52.04 

Own rooted 89.93 35.10 22.02 107.23 43.12 29.06 
Early sweet 

Salt creek 100.89 81.48 55.24 108.51 80.82 59.41 
Freedom 87.81 63.90 49.58 87.99 64.03 53.32 

Own rooted 49.57 29.79 * 45.08 31.52 * 
Superior 

Salt creek 77.70 40.67 36.21 83.50 43.93 39.34 
Freedom 76.43 38.49 33.38 81.71 42.03 37.33 

Own rooted 26.90 19.88 * 33.04 21.36 * 
Red Glob 

Salt creek 37.19 29.77 23.90 45.47 35.42 28.84 
Freedom 32.33 22.17 18.14 34.91 26.62 20.39 

Own rooted 19.24 8.70 * 17.71 12.92 * 
L.S.D at 5% for   : 2010 2011 

   
Rootstock             : 5.22 5.61 

   
Salinity levels       : 5.35 5.42 

   
Interaction           : 10.29 11.45 

   
*Means that experiment was terminated after the death of 75% of salt treated vines. 

 
Kind of rootstocks: 
  

The prolonged degree of the tolerance of grafted grape vines up to 3000 ppm for both Salt creek and 
Freedom rootstocks, whereas, Salt Creek rootstock attained the relatively high values of vine height as 
compared with other experimented rootstocks. On the other hand, ungrafted Flame seedless cultivar showed 
their lowest rates of growth when treated with the concentration of 3000 ppm. While, Early Sweet, Superior 
seedless and Red Glob cultivars own rooted vines died under the effect of irrigation with high concentration of 
salinity (3000 ppm). The results of the second season were in harmony with those obtained for the first one. 
A similar conclusion was also achieved by Hooda et al. (1990) on Beaut seedless, Delight and Perlette grape 
cvs; Prior et al. (1992) on Sultanan vines and Ismail (1996) on Ruby seedless, Beauty seedless and Delight 
grape vines. 
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Table 2: Effect of saline irrigation water on enter-node length (cm) of Flame, Early sweet, Superior and Red Glob cultivars grafted on Salt 
creek, Freedom rootstocks and own rooted vines in 2010-2011 seasons. 

                Salinity 
 

Rootstocks 

2010 2011 
ppm Ppm 

1000 2000 3000 1000 2000 3000 
                                                                                                      Flame 

Salt creek 4.87 4.70 3.32 5.41 5.10 4.50 
Freedom 3.78 3.23 2.21 4.14 3.60 2.71 

Own rooted 3.21 1.94 1.38 3.95 2.58 1.80 
Early sweet 

Salt creek 4.75 4.38 3.71 5.10 4.78 4.18 
Freedom 3.74 3.40 3.01 4.08 3.80 3.56 

Own rooted 3.19 2.41 * 3.49 2.82 * 
                                                                                                      Superior 

Salt creek 4.69 4.10 3.78 5.42 4.51 3.78 
Freedom 4.58 3.80 3.61 5.20 4.26 3.83 

Own rooted 4.11 2.54 * 4.57 2.47 * 
                                                                                                      Red Glob 

Salt creek 3.59 3.02 2.71 4.10 3.57 3.03 
Freedom 3.73 3.30 2.61 4.47 3.92 2.98 

Own rooted 2.91 2.32 * 3.42 2.42 * 
L.S.D at 5% for   : 2010 2011 

   
Rootstock             : 0.51 0.45 

   
Salinity levels       : 0.44 0.40 

   
Interaction           : 0.97 0.92 

   
*Means that experiment was terminated after the death of 75% of salt treated vines. 

 
Average inter-node length 
  

Data in Tables (3 and 4) showed effect of saline irrigation water on inter-node length (cm) of Flame 
seedless, Early sweet, Superior seedless and Red Glob cultivars grafted on Salt creek, Freedom rootstocks and 
own rooted vines in 2010-2011 seasons. 
 
Salinity level: 
 

It could be noticed that the effect of salinity was obviously constant in proportional to the increase in salt 
concentration. The averages of inter-node length were generally decreased with the increase of salinity level in 
irrigation water from 1000 to 3000 ppm.  
 
Kind of rootstocks: 
  

It could be generally concluded that all grape cultivars vines under study grafted on Salt Creek and 
Freedom rootstocks resulted in best inter-node length when compared with ungrafted ones regardless of salinity 
level involved. This was consistent in both studied seasons. 
 
Average leaf  number/vine 
 

Data presented in table (3), demonstrated the effect of saline irrigation water on the number of leaves of 
Flame seedless, Early Sweet, Superior seedless and Red Glob grape vine cultivars grafted on Salt creek, 
Freedom rootstocks and own rooted vines in 2010-2011 seasons. 
 
Salinity level: 
 

The total leaf number per scion was significantly reduced with the increase of salinity level in irrigation 
water. The degree of significant reduction was more pronounced at higher saline concentration. It is worth to 
point out that grapevine vines grafted on Salt Creek rootstock were more able to tolerate higher salinity levels 
than those grafted on their own rooted. The scion grafted on Salt Creek or Freedom rootstocks survived 
successfully the 3000 ppm concentration. This was not the case for scions own rooted which only survived 
successfully the 2000 ppm level. Such concentration was not successfully survived by own rooted alone 
(ungrafted vines). Accumulation of salt in the old leaves accelerated their death, and loss of these leaves 
decreased the supply of carbohydrates or growth hormones to meristematic regions, thereby inhibiting growth 
according to Munns (1993). Derbew (2006) salinity stress significantly reduced number of leaves per vine. 
Where, decreases in the number of leaves observed were not only related to the growth inhibiting effects of salt, 
but also to the injurious effects of salt due to defoliation of the damaged leaves. 
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Table 3: Effect of saline irrigation water on leaf  number/vines of Flame, Early sweet, Superior and Red Glob cultivars grafted on Salt 
creek, Freedom rootstocks and own rooted vines in 2010-2011 seasons 

          Salinity 
 

Rootstocks 

2010 2011 
ppm ppm 

1000 2000 3000 1000 2000 3000 
Flame 

Salt creek 39.23 27.14 19.84 56.52 36.16 21.28 

Freedom 34.89 21.28 16.89 47.25 23.86 18.30 
Own rooted 23.81 17.17 13.75 30.96 21.20 12.66 

Early sweet 
Salt creek 18.88 13.86 10.67 20.49 15.05 11.58 
Freedom 15.32 12.20 9.39 16.80 13.67 9.27 
Own rooted 13.27 10.03 * 13.94 11.55            * 

Superior 
Salt creek 23.37 16.25 12.72 38.40 17.48 13.75 
Freedom 24.10 17.44 11.41 26.11 22.54 12.37 
Own rooted 19.90 14.15 * 21.58 18.91           * 

Red Glob 

Salt creek 13.01 9.71 6.87 14.2 10.92 7.425 

Freedom 9.43 5.04 3.66 11.33 5.94 4.6 
Own rooted 8.79 3.66 * 9.504 4.24           * 

L.S.D at 5% for   : 2010 2011 
   

Rootstock             : 2.8 2.9 
   

Salinity levels       : 2.8 1.7 
   

Interaction           : 4.5 3.7 
   

*Means that experiment was terminated after the death of 75% of salt treated vines. 

 
Kind of rootstocks:  
 

It had been generally noticed that all scions grafted on both Salt Creek and Freedom rootstocks were 
closely similar in their tolerance to salinity stress when compared with those ungrafted vines.  
From the second sampling data, the interaction between both salinity levels and different type of rootstocks was 
clearly observed. This may indicate that the number of leaves in the grafted grapevine vines was a function of 
both salinity level and kind of rootstock under study grafted with the same scion.  
 
Survival vines percentage 
 
        Data presented in Table (4), show the response of different levels of salinity of irrigation water on the 
survival percentage of Flame seedless, Early Sweet, Superior seedless and Red Glob cultivars grafted on Salt 
Creek, Freedom rootstocks and own rooted vines. Results indicated that survival percentage significant varied 
according to the type of rootstock under study. Salt Creek rootstock gave a significant higher value of survival 
vines percentage than other rootstocks. On the other hand, the own rooted vines gave the lowest value of 
survival vines percentage. A significant effect of the interaction between different type rootstocks and salinity 
level was observed, especially in higher concentrations of salinity. This may lead us to conclude that survival 
vines percentage is governed by both the type of grapevine rootstock and salinity level. 
These results were in harmony with Kilany et al., (2006) who found that water stress due to salinity by raising 
salt concentration in the irrigation water effectively depressed the percentage of survival.  
 Abd El-Wahab, et al., (2011) indicated that increasing levels of water salinity, particularly in case of high 
salinity concentration (3000 ppm) decreased survival percentage of Superior grape. In addition, Gaser (1999) 
found that increasing salt concentration of the irrigation water reduced the survival percentage of three grape 
cultivars. Moreover, Hepaksoy et al., (2006) indicated that Ramsey (Salt Creek) was more tolerant to salinity. 
The tolerance to salinity was attributed to genetic background (Hamrouni, et al., (2008). 
 
Chemical determinations: 
 Minerals 
Nitrogen percentage  
 

Data tabulated in Table (5) showed the effect of different salt mixture concentrations in irrigation 
water on Flame seedless, Early Sweet, Superior seedless and Red Glob cultivars grafted on Salt creek, Freedom 
rootstocks and own rooted vines during 2010 and 2011 seasons. Results indicated that N percentage significant 
varied according to the type of rootstock under study. Salt Creek rootstock gave significantly higher value of 
nitrogen percentage than other rootstocks. On the other hand, the own rooted vines gave the lowest value of 
nitrogen percentage. A significant effect of the interaction between different types of rootstocks and salinity 
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level was observed, especially in higher concentrations of salinity. This may lead us to conclude that N 
percentage is governed by both the type of grapevine rootstock and salinity level. 
           The same trend of results was found by Khamis et al. (1985) who found that increasing salinity level led 
to decreased N content in the leaves of European and American grape cultivars. Furthermore,  Gaser (1992) 
concluded that the greatest depressing effect of salinity on plant N content was found to be due to the presence 
of NaCl salt at high concentration.  
 
Table 4: Effect of saline irrigation water on survival vines percentage of Flame, Early sweet, Superior and Red Glob cultivars grafted on 

Salt creek, Freedom rootstocks and own rooted vines in 2010-2011 seasons. 

 Salinity 
 

Rootstock 

2010 2011 
ppm ppm 

1000 2000 3000 1000 2000 3000 
Flame 

Salt creek 100 85 70 95 75 70 
Freedom 90 80 60 90 85 60 

Own rooted 80 65 50 85 65 40 
Early sweet 

Salt creek 95 85 70 90 85 65 
Freedom 80 75 60 85 70 65 

Own rooted 65 40 0.0 70 35 0.0 
Superior 

Salt creek 100 90 75 95 90 80 
Freedom 95 85 60 85 75 65 

Own rooted 80 50 0.0 65 50 0.0 
Red Glob 

Salt creek 95 90 80 90 85 70 
Freedom 85 70 40 85 65 60 

Own rooted 75 45 0.0 70 60 0.0 

L.S.D at 5% for   : 
201

0 
2011 

   
Rootstock             : 4.0 4.0 

   
Salinity levels       : 4.5 5.0 

   
Interaction           : 8.5 9.5 

   
*Means that experiment was terminated after the death of 75% of salt treated vines. 

 
Table 5: Effect of saline irrigation water on Nitrogen percentage of Flame, Early sweet, Superior and Red Glob cultivars grafted on Salt 

creek, Freedom rootstocks and own rooted vines in 2010-2011 seasons. 

                  Salinity 
 

Rootstocks 

2010 2011 
ppm Ppm 

1000 2000 3000 1000 2000 3000 
Flame 

Salt creek 2.54 2.17 1.96 3.38 2.89 2.61 
Freedom 1.83 1.57 1.41 2.43 2.09 1.88 

Own rooted 1.70 1.45 1.30 2.23 1.93 1.73 
Early sweet 

Salt creek 3.33 2.97 2.75 3.58 3.18 2.99 
Freedom 2.63 2.37 2.22 2.84 2.52 2.40 

Own rooted 2.50 2.25 * 2.67 2.41 * 
Superior 

Salt creek 2.62 2.25 2.04 2.82 2.42 2.20 
Freedom 1.92 1.66 1.51 2.09 1.80 1.63 

Own rooted 1.79 1.54 * 1.96 1.69 * 
Red Glob 

Salt creek 2.97 2.61 2.39 3.55 3.12 2.87 
Freedom 2.29 2.03 1.92 2.71 2.41 2.25 

Own rooted 2.18 1.95 * 2.56 2.27 * 
L.S.D at 5% for   : 2010 2011 

   
Rootstock             : 0.07 0.09 

   
Salinity levels       : 0.10 0.11 

   
Interaction           : 0.19 0.2 

   
*Means that experiment was terminated after the death of 75% of salt treated vines. 

 
Phosphorus percentage 
 

Data tabulated in Table (6) showed the effect of different salinity levels on Flame seedless, Early sweet, 
Superior seedless and Red Glob grapevines grafted on Salt creek, Freedom rootstocks and own rooted vines. 
Results of the two studied seasons (2010&2011) clearly indicated that P percentage decreased with the increase 
in salinity level. It was also observed generally that there was a sharp decrease in P percentage when salinity 
levels increased from 1000 up to 3000 ppm in salt mixture. Great significant varietal differences was likely to 
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affect P percentage, where the own rooted vines recorded the lowest P percentage when compared with those 
vines grafted on Salt creek or Freedom grape vine rootstocks. Sallam, (1992) and Abo EL-Wafa (2003) these 
explanations may confirm our results showing the significant differences between grafted rootstocks concerning 
their P percentage. It is worthy to indicate that both grafted rootstock and salinity level synergistically affect P 
percentage in the leaf of grafted grape vine seedlings, especially with the increase salinity level, as shown from 
the significant interaction demonstrated in Table (6). 
 
Table 6: Effect of saline irrigation water on Phosphorus percentage of Flame, Early sweet, Superior and Red Glob cultivars grafted on Salt 

creek, Freedom rootstocks and own rooted vines in 2010-2011 seasons. 

                   Salinity 
 

Rootstocks 

2010 2011 
ppm ppm 

1000 2000 3000 1000 2000 3000 
Flame 

Salt creek 0.36 0.32 0.26 0.39 0.36 0.24 
Freedom 0.34 0.31 0.26 0.38 0.34 0.22 

Own rooted 0.29 0.27 0.21 0.31 0.29 0.15 
Early sweet 

Salt creek 1.00 0.96 0.90 1.19 1.05 0.92 
Freedom 0.97 0.94 0.89 1.16 1.05 0.90 

Own rooted 0.93 0.88 * 0.97 0.85 * 
Superior 

Salt creek 0.48 0.45 0.38 0.52 0.49 0.43 
Freedom 0.46 0.44 0.37 0.50 0.48 0.40 

Own rooted 0.41 0.40 * 0.47 0.45 * 
Red Glob 

Salt creek 0.65 0.61 0.55 0.77 0.70 0.61 
Freedom 0.63 0.60 0.54 0.75 0.71 0.59 

Own rooted 0.59 0.56 * 0.71 0.69 * 
L.S.D at 5% for   : 2010 2011 

   
Rootstock             : 0.02 0.03 

   
Salinity levels       : 0.03 0.05 

   
Interaction           : 0.06 0.08 

   
*Means that experiment was terminated after the death of 75% of salt treated vines. 

 
Potassium percentage 
 

Data concerning the effect of different levels of salinity in irrigation water on K percentage for different 
parts of Flame seedless, Early sweet, Superior seedless and Red Glob vines grafted on Salt creek, Freedom 
rootstocks and own rooted vines are presented in Table (7). A general decrease of K was found with salinity 
increase in the two studied seasons. Vines grafted on Salt creek has recorded higher valued of K content in leaf 
vine, followed by the same scion on Freedom rootstock and own rooted vines, respectively. 
Results of both studied seasons also revealed that significant difference were observed when salinity levels 
raised from 1000 to 3000 ppm. It is clear that the interaction between salinity level and rootstock type, in most 
cases, was significant. 
The obtained results are in line with the finding of Upreti and Murti, (2010), Shehata et al.,(1996) and Walker et 
al.,(1997) indicated that, vines grown under saline conditions accumulated less K compared with the control. 
Also, Walker et al.,(1997) applied salinity treatments of 0.43,1.7 and 3.7 dS/m through a drip-irrigation system 
to 4-year-old vines of own rooted Sultana(SO) and Sultana on Ramsey rootstock (SR). And they found that leaf 
K+ concentration were higher in SR, but decreased with increasing salinity. 
 
Calcium percentage 
 

Data tabulated in Table (8) show the effect of salinity level in irrigation water on calcium percentage of 
Flame seedless, Early sweet, Superior seedless and Red Glob scion grafted on Salt creek, Freedom rootstocks 
and own rooted. Results of both studied seasons clearly showed that various leaf vine in their ca++ percentage 
regardless of the type of grafted vines understudy. Moreover, calcium content in all vine enhanced as the salinity 
level increased, regardless of the rootstocks has been used. These results are in line with those obtained by 
Gaser (1992), Garcia and Charbaji (1993), Shehata et al. (1996), Hassan et al. (1998) and Abo Sayed-Ahmed et 
al. (2000). All of them found that salinity treatments increased Ca percentage. On the other hand, several 
authors reported that Ca levels in grapevine leaves was considerably reduced by increasing salinity levels 
(Hooda et al. 1990, Ismail (1996), Troncoso et al. (1999) and Salem et al. (2011). 
Results also revealed that an interaction between salinity level and the grafted plant type was clearly observed 
affecting the level of ca++ in different leaf plant. 
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Table 7: Effect of saline irrigation water on Potassium percentage of Flame, Early sweet, Superior and Red Glob cultivars grafted on Salt 
creek, Freedom rootstocks and own rooted vines in 2010-2011 seasons. 

                   Salinity 
 

Rootstocks 

2010 2011 
ppm Ppm 

1000 2000 3000 1000 2000 3000 
Flame 

Salt creek 1.52 1.31 1.05 1.98 1.36 1.09 
Freedom 1.32 1.09 1.01 1.79 1.30 1.02 

Own rooted 1.11 0.93 0.87 1.60 1.22 0.99 
Early sweet 

Salt creek 1.96 1.39 1.29 2.06 1.54 1.33 
Freedom 1.60 1.32 1.23 1.76 1.48 1.28 

Own rooted 1.34 1.22 * 1.51 1.32 * 
Superior 

Salt creek 1.73 1.27 1.22 2.17 1.69 1.24 
Freedom 1.53 1.24 1.15 1.88 1.50 1.13 

Own rooted 1.32 1.17 * 1.66 1.33 * 
Red Glob 

Salt creek 1.70 1.24 1.12 1.84 1.51 1.34 
Freedom 1.50 1.23 1.09 1.80 1.49 1.21 

Own rooted 1.29 1.13 * 1.41 1.36 * 
L.S.D at 5% for   : 2010 2011 

   
Rootstock             : 0.10 0.15 

   
Salinity levels       : 0.09 0.1 2 

   
Interaction           : 0.20 0.22 

   
*Means that experiment was terminated after the death of 75% of salt treated vines. 
 
Table 8: Effect of saline irrigation water on Calcium percentage of Flame, Early sweet, Superior and Red Glob cultivars grafted on Salt 

creek, Freedom rootstocks and own rooted vines in 2010-2011 seasons.  
                             
Salinity 
 
Rootstocks 

2010 2011 
ppm ppm 
000 2000 3000 1000 2000 3000 

Flame  
Salt creek 1.90  2.08 2.76 2.46 2.71 3.69 
Freedom 1.49 1.55 1.83 1.97 2.09 2.43  
Own rooted 1.31 1.50 1.66 1.72 1.98 2.05  
Early sweet 
Salt creek 2.01 2.19 2.92 2.17 2.36 3.16 
Freedom 1.77 1.99 1.65 1.79 1.91 2.16 
Own rooted 1.47 1.71 * 1.60 1.86 * 
Superior  
Salt creek 1.93 2.11 2.84 2.08 2.29 3.05 
Freedom 1.54 1.56 1.91 1.66 1.68 2.05 
Own rooted 1.38 1.62 * 1.50 1.74 * 
Red Glob 
Salt creek 1.93 2.11 2.85 2.30 2.52 3.39 
Freedom 1.55 1.57 1.91 1.85 1.86 2.28 
Own rooted 1.38 1.63 * 1.64 1.94 * 
L.S.D at 5% for   : 2010 2011    
Rootstock             : 0.2 0.3    
Salinity levels       : 0.2 0.5    
Interaction           : 0.5 0.9    

*Means that experiment was terminated after the death of 75% of salt treated vines. 

 
Sodium percentage 
 

Data of 2010 and 2011 seasons which presented in Table (9) revealed that sodium content generally 
increased in all vines parts with the increase of salt concentration in irrigation water. There was a significant 
differences between the grafted vines, where the own rooted vines had recorded the highest values of sodium 
content in all vine parts compared with the other types of grafted vines, i.e. vines grafted on Freedom and  Salt 
creek. Consequently, this result could explain the low tolerability of own rooted vines of all cultivars to salinity 
effect, compared with the vines grafted on Salt creek or Freedom grape vine rootstocks.  
Irrigation with saline water produced a transient increase in the EC of the 'root weighted with saturated soil 
solution'. This increase caused a decline in leaf water potential and an increase in leaf petiole Na+ content 
Stevens and Harvey (1989). So, it was cleared from many investigations that, increasing salt concentration in 
irrigation water increased leaves Na content (Hooda, et al.,(1990), Shani and Ben-Gal, (2005) and Upreti and 
Murti, (2010)). 
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Table 9: Effect of saline irrigation water on Sodium percentage of Flame, Early sweet, Superior and Red Glob cultivars grafted on Salt 
creek, Freedom rootstocks and own rooted vines in 2010-2011 seasons. 

                               Salinity 
 

Rootstocks 

2010 2011 
ppm ppm 

1000 2000 3000 1000 2000 3000 
Flame 

Salt creek 0.17 0.18 0.19 0.22 0.25 0.22 
Freedom 0.29 0.30 0.33 0.31 0.37 0.44 

Own rooted 0.31 0.32 0.37 0.45 0.38 0.40 
Early sweet 

Salt creek 0.34 0.37 0.38 0.36 0.41 0.41 
Freedom 0.46 0.49 0.52 0.50 0.51 0.56 

Own rooted 0.47 0.51 * 0.57 0.64 * 
Superior 

Salt creek 0.06 0.08 0.09 0.07 0.09 0.10 
Freedom 0.18 0.20 0.23 0.20 0.22 0.25 

Own rooted 0.22 0.21 * 0.24 0.22 * 
Red Glob 

Salt creek 0.45 0.47 0.48 0.53 0.56 0.51 
Freedom 0.57 0.59 0.61 0.62 0.70 0.75 

Own rooted 0.60 0.59 * 0.74 0.73 * 
L.S.D at 5% for   : 2010 2011 

   
Rootstock             : 0.02 0.02 

   
Salinity levels       : 0.01 0.02 

   
Interaction           : 0.03 0.04 

   
*Means that experiment was terminated after the death of 75% of salt treated vines. 

 
Proline content 
 

Data dealing with the effect of different salinity levels on the proline content of Flame seedless, Early 
sweet, Superior seedless and Red Glob leaves during the two successive seasons of 2010 and 2011 are presented 
in Table (10).  
 
Table 10: Effect of saline irrigation water on proline content mg /gm fresh weight of Flame, Early sweet, Superior and Red Glob cultivars 

grafted on Salt creek, Freedom rootstocks and own rooted vines in 2010-2011 seasons. 

                  Salinity 
 
Rootstocks 

2010 2011 
ppm ppm 

1000 2000 3000 1000 2000 3000 
Flame 

Salt creek 0.65 2.21 2.86 0.93 2.62 3.07 
Freedom 1.29 3.14 3.41 1.40 3.84 4.55 

Own rooted 2.58 3.23 4.98 3.36 4.30 5.56 
Early sweet 

Salt creek 0.18 1.73 2.47 0.22 2.18 2.75 
Freedom 0.82 2.64 2.92 0.89 2.85 3.14 

Own rooted 2.10 2.74 * 2.25 3.03 * 
Superior 

Salt creek 0.36 1.92 2.66 0.40 2.05 2.95 
Freedom 1.00 2.83 3.10 1.08 3.04 3.37 

Own rooted 2.28 2.92 * 2.45 3.16 * 
Red Glob 

Salt creek 0.367 1.56 2.30 0.45 1.91 2.58 
Freedom 0.64 2.47 2.75 0.70 2.97 3.36 

Own rooted 1.92 2.56 * 2.29 3.08 * 
L.S.D at 5% for   : 2010 2011 

   
Rootstock             : 0.12 0.15 

   
Salinity levels       : 0.13 0.14 

   
Interaction           : 0.27 0.29 

   
*Means that experiment was terminated after the death of 75% of salt treated vines. 

 
It could be noticed that proline content increased in leaves of all treated vines with the increase of salinity 

level. Moreover, leaves of own rooted vines for all cultivars under studied has recorded the highest values of 
accumulated proline in all salinity levels compared to vines grafted on those rootstocks Salt creek and Freedom. 
Increasing proline content in the leaves with increasing water salinity might be attributed to the increase of 
hydrolytic enzymes caused by chloride salts and salinity (Klyskov and Rakova, 1964). Furthermore, leaf proline 
content has been used as an evaluation parameter for selecting salinity and drought resistant varieties (Batels et 
al., 1973). In addition, plants build up proline in the tissues to maintain osmotic balance with the soil solution 
(Salisbury and Ross, 1992). In this connection, El-Said et al. (1995) and Abbas (1999) suggested that proline 
functions as a source of solute for intera-cellular osmotic adjustments under saline condition. 



Middle East J. Agric. Res., 4(1): 112-122, 2015 

121 

The obtained results confirm those previously discussed by Derbew (2006) free proline accumulation in 
the leaves of grape rootstocks, commercial varieties and rootstock-scion combinations progressively increased 
with the increase in salt concentration in soil solution. 
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