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ABSTRACT  

Two pot experiments were conducted to study differential response of some potato varieties (Diamant, 
Lady Rosetta and Spunta) to irrigation with different saline water levels. After completing emergence (30 days 
after planting) potato varieties were irrigated with saline water at concentrations of 1.5, 3.0, 4.5 and 6.0 dS/m 
beside the control 0.4 dS/m (tap water). The results showed that all measured growth characteristics were 
gradually decreased when potato plants were irrigated with saline water up to 6.0 dS/m. Saline treatments 
decreased significantly stem length, number of leaves, leaves dry weight, tuber dry weight, total plant dry 
weight and leaf area per plant. Higher saline levels, i.e., 4.5 or 6.0 dS/m caused a significant reduction in tuber 
number, average tuber weight and total tuber fresh weight per plant in both summer seasons. Regarding tested 
potato variety, Diamant potato variety was the most tolerant to saline water irrigation, Lady Rosetta was the 
second tolerant variety and Spunta was the least tolerant variety in both seasons. 
 
Key words: Saline water, Irrigation, Diamante, Lady Rosetta, Spunta, Variety, Leave area, Tuber fresh weight, 

Dry matter, Starch, Specific gravity. 

 

Introduction 
 
Potato is considered one of the main important vegetable crops for both local consumption and 

exportation. It occupies the first rank as exporting crop among the different vegetable crops in Egypt. In 2011/ 
2012 total cultivated area was about 423.8 thousand feddans cultivated in the three seasons of fall, winter and 
Summer where produced around 4.8 million ton with average 11.3 ton per fed. (FAOSTAT, 2012) 300-400 
thousand tons were exported to the different abroad markets such as England, West European countries and 
some Arab countries. 

On the other hand, with the increase in the population in Egypt, there is great increase in the reclaimed 
land especially in the deserts area which has high concentration of salts in the soil due to the rare rain. Although 
River Nile is the main source of irrigation in Egypt, nowadays water is not sufficient for irrigating the required 
cultivated area for food production. Thus, it becomes an important object to look for another sources of water 
that could be used for irrigation without harmful effect on both soil and field crops. 

Salinity is one of the major environmental factors limiting plant growth and productivity.  It is estimated 
that about one-third of world’s cultivated land area is affected by salinity (Kaya et al., 2002). Excessing salt in 
the soil may adversely affect plant growth either through osmotic inhibition of water uptake by roots or specific 
ion effects.  Specific ion effects may cause direct toxicity or, alternatively, the insolubility or competitive 
absorption of ions may affect plant nutritional balances (Greenway and Munns, 1980).  Salt stress has toxic 
effects on plants and lead to metabolic changes, like loss of chloroplast activity, decreased photosynthetic rate 
and increased photorespiration rate which leads to an increase in reactive oxygen species production (Parida and 
Das, 2005). 

In this regard, Kang et al. (1995) showed that some potato varieties had no reduction in tuber yield under 
saline and some even had greater tuber yield. On the other hand, Levy (2000) revealed that cultivars differ in 
their responses to salinity. El-Khatib et al. (2004) found that increasing salinity of irrigation water significantly 
reduced total and average tuber yield for all cultivars (Cara, Alpha, Spunta and King Edward) in both seasons, 
as well as, Cara cultivar produced the highest tuber yield of all cultivars   

Increasing salinity decreased vegetative growth characters (Biliski et al., 1988; Heuer and Nadler, 1995; 
Barakat, 1996, Evers et al., 1999 and Abd El-Aal, 2010). Tuber weight, tuber number and total yield were 
significantly decreased when water saline level increased up to Ec 1.5 dS/m (Barakat, 1996 and Abd El-Aal, 
2001). 
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This study was performed to evaluate the tolerance of three important potato cultivars (Diamant, Lady 
Rosetta and Spunta) to irrigation with saline water. These cultivars are important for exporting, processing and 
local market.  

 
Materials and Methods 

 
This investigation was carried out in Department of Vegetable Research, Horticultural Research Institute, 

ARC, Dokki, Giza, Egypt to study differential response of some potato varieties to irrigation with saline water. 
The experiment contained: 
1. Five salt concentrations (control, 1.5, 3.0, 4.5 and 6.0 dS/m). 
2. Three potato varieties (Diamant, Lady Rosetta and Spunta) 
The treatments were arranged in a split plot design with three replicates, each replicate contained eight 

pots where varieties and salt concentrations were arranged as main and subplots, respectively. The seed tubers 
(40-50 g/tuber) for Diamant, Lady Rosetta and Spunta varieties were imported from abroad (Netherland). 
Complete potato whole seed tubers were planted January 15th for both summer seasons of 2012 and 2013.      

The sand culture technique (Hewitt 1952) was used in this investigation. The culture media was a mixture 
of 1:1 sand: perlite.  The crude sand was sieved through a 20 mesh sieve. Then the sieved sand was soaked for 3 
days in 5% hydrochloric acid. The sand was subsequently washed by a current of tap water for 3 days to get rid 
of any activity, afterwards, the sand was dried by air. Plastic pots of 40 centimeters in depth were used each pot 
contained 15 kg of washed sand  and perlite which filled it up to 5 centimeters from its upper edge. The field 
capacity of the experimental soil was determined by the pressure cooker methods at 1/3 atm. according to 
Israelsen and Hansen (1962). It was found to be 2.9% (on dry weight basis). The wilting point of the soil was 
found to be 1.56% as determined by the pressure membrane apparatus at 15 atm. adapting to the method of 
Israelsen and Hansen (1962). Plants were irrigated with tap water till complete germination; hence forward 
plants were irrigated with nutrient solutions (Hoagland and Arnon, 1950). Molar stock solutions of pure salts 
were prepared separately in distilled water kept for the preparation of feeding solutions. The feeding nutrient 
solution was prepared just before application to the pots by dilution with tap water.   

Five levels of salinity namely 1.5, 3.0, 4.5 and 6.0 dS/m beside the control one at 0.4 dS/m (tap water) 
were used. NaCl was used as a source of salinity in irrigation water. Irrigation was applied with saline water 
using one liter/pot/day to maintain soil water content at the range 60-65% of water holding capacity (WHC). All 
plants received the same agricultural practices. The untreated pots were irrigated with tap water. The plants 
were irrigated with fresh water (0.4 dS/m) after each four saline irrigation treatments to prevent the 
accumulation of salinity then the plants were left to grow under the different salinization levels. 

Soil analysis was presented in Table (1).  Soil chemical analysis was measured according to the 
procedures described by Jackson (1973).  Analysis of irrigation water was presented in Table (2).  

 
Table 1: The chemical properties of pot sand soil in the two seasons of 2012 and 2013. 

Cations (Meq/L) Anions (Meq/L) 
CaCO (%) E.C 

(dS/m) 
pH 

 
Season 
 Ca+2 Mg+2 Na+ K+ CO3

- HCO3
- Cl- SO4

-2 

0.74 - 0.25 0.26 - 0.80 0.40 0.01 1.21 0.58 8.70 2012 
1.51 - 0.66 0.18 - 0.60 0.70 1.05 1.60 0.50 8.30 2013 

   

Table 2: Chemical analysis of irrigation tap water during two seasons of 2012 and 2013 (Mill equivalent/l). 

Properties 
Summer seasons 

2012 2013 
pH  7.10 7.42 
E.C(dS/m-1)  1.29 1.17 
Cations Ca++  5.0 4.0 
Mg+2 3.1 2.1 
Na+1  4.82 6.73 
K+1  0.44 0.53 
Anions Co3

-2  - - 
HCO3 - 4.2 3.4 
Cl -1  4.32 5.80 
SO4 4.84 4.16 

 
Recorded data: 
A: Vegetative growth characters: 

After 60 and 75 days from planting three plants from each treatment were taken to determine stem length 
(cm), number of stems / plant, number of leaves / plant, leaves dry weight (g / plant), leaf area per plant (cm2 / 
plant) was determined by cutting out 20 leaf discs from each plant using a cork borer and dried them in an oven 
at 70 oC (until constant weight). The rest of the leaves were similarly dried; based on known dry weight of 
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known surface area of leaves, i.e. leaf discs and the total weight of leaves, where leaves surface area was 
determined, tuber fresh weight / plant, tuber dry weight / plant and total plant dry weight (g / plant). 
 
B: Chemical characteristics: 

 Tuber dry matter (%) was determined by drying the tuber slices at 70 oC for 72 hours according to the 
method of Dogras et al. (1991), starch content was determined using the method of AOAC (1990) and specific 
gravity of potato tubers was determined using the method of Rastovski et al. (1987) as the following equation 
was adopted: 

                                                     5000 g tuber 
Specific gravity =        
                                                     5000 g tuber - UWW 
Where:   UWW = under water weight. 

 
C: Yield and its components: 

Number of tuber /plant, average tuber weight (g) and total yield per plant (g) was recorded at harvesting on 
May in both summer seasons of 2012 and 2013.  

Data were subjected to proper statistical analysis according to Statistix® 9 (Analytical software, 2008).  
Analysis of variance (ANOVA) and comparison of means was conducted. Least significant difference (L.S.D.) 
test at 5% level was used to verify differences between treatments means.  
 
Results and Discussion 

 
A: Vegetative growth characters after 75 days from planting: 
1. Stem length:   

Data presented in Table 3 show clearly that the difference between varieties had significant effect in both 
summer seasons. The highest value of stem length was obtained in potato variety Diamant compared with Lady 
Rosetta and Spunta. 
 
Table 3: Stem length and number of main stems per plant of three potato cultivars as affected by irrigation with saline water 

in two seasons. 
 Stem length (cm) in season 2012 
Variety 
 (A) 

Saline water concentrations (dS/m) 
(B) 

0.4 1.5 3.0 4.5 6.0 Mean 
Diamant  54.67 47.33 42.33 41.00 35.00 44.07 
Lady Rosetta 45.33 38.33 36.00 33.33 29.00 36.40 
Spunta  50.67 42.33 40.33 37.33 34.00 40.93 
Average 50.22 42.67 39.56 37.22 32.67  
L.S.D. at 5% significant level A = 4.99             B = 3.09             A X B = 5.35 

 Stem length (cm) in season 2013 
Variety 
 (A) 

Saline water concentrations (dS/m) 
(B) 

0.4 1.5 3.0 4.5 6.0 Mean 
Diamant  50.00 45.33 42.33 42.33 36.67 43.33 
Lady Rosetta 46.67 38.33 36.00 34.00 29.00 36.80 
Spunta  52.67 43.67 40.67 38.33 34.67 42.00 
Average 49.78 42.44 39.67 38.22 33.44  
L.S.D. at 5% significant level A = 2.41            B = 3.04            A X B = 5.26 
 Number of main stems / plant in season 2012 
Variety 
 (A) 

Saline water concentrations (dS/m) 
(B) 

0.4 1.5 3.0 4.5 6.0 Mean 
Diamant  3.00 3.67 3.33 2.33 2.33 2.93 
Lady Rosetta 2.33 2.67 2.67 2.67 2.67 2.60 
Spunta  3.00 2.67 2.67 2.67 2.33 2.67 
Average 2.78 3.00 2.89 2.56 2.44  
L.S.D. at 5% significant level A = N.S             B = N.S             A X B = N.S 
 Number of main stems / plant in season 2013 
Variety  
(A) 

Saline water concentrations (dS/m) 
(B) 

0.4 1.5 3.0 4.5 6.0 Mean 
Diamant  4.00 3.67 3.33 2.33 2.33 3.13 
Lady Rosetta 3.33 2.67 2.67 2.67 2.67 2.80 
Spunta  2.67 2.33 2.67 2.67 2.67 2.60 
Average 3.33 2.89 2.89 2.56 2.56  
L.S.D. at 5% significant level A = N.S        B = N.S            A X B = N.S 
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The data show also that stem length was strongly influenced by water salinity. Thus, increasing water 
salinity concentration up to the maximum level (6.0 dS/m) significantly decreased stem length compared with 
the control and other tested salinity treatment (1.5, 3.0 and 4.5 ds/m).     

The interactions between varieties and different saline levels caused a significant effect on stem length. 
The lowest value of stem length was obtained as a result of the interaction between cv. Lady Rosetta and high 
level (6.0 dS/m) of water salinity. While, the interaction between cv. Spunta and the control treatment of 
salinity caused a significant increase in stem length. 

According to Strogenov (1962) the depression effect of salinity on plant height could be attributed to the 
reduction in cell number, cell enlargement and cell size of the intercellular space per unit area. These results 
were in agreement with those reported by Bruns and Caesar (1990), Heuer and Nadler (1995), El-Khattib 
(1996), Gong et al. (1996) and Evers et al. (1999) who found that irrigating potato plants with saline water 
decreased plant height. These results agreed with those mentioned by El-Masry (2000) and Ali (2009). Also, 
Diamant cultivar produced taller plants than Markies, Maradonna and Spunta cultivars (Abd El-Aal, 2010).  

The reduction in stem length might be also due to the disturbance in metabolic activities, which might be 
affected by the decrease in water absorption and disturbance of mineral balance or absorption and utilization 
together (El-Nimr, 1986). The observed reduction in growth under high salinity levels may be due to the 
inhibition of both merestimatic activity and elongation of cells (Nieman, 1965). 

 
2. Number of main stems / plant: 

The effect of varieties, irrigation by saline water and their interaction on number of main stems per plant 
didn’t reach to a significant level in both seasons (Table 3).  

In this respect, Levy (1992), Mangal et al. (1993) and Heuer and Nadler (1995) reported that average 
number of stems per plant was not affected by salinity. On the contrary, Salisikala and Prasad (1994), El-khattib 
(1996) indicated that salinity reduced the number of stems per plant. 

 
3.  Number of leaves / plant: 

Using different potato varieties resulting in a significant effect on the number of leaves per plant in both 
summer seasons as shown in Table (4). The highest value of number of leaves was obtained in case of cv. 
Diamant during both seasons of study. 
Table 4: Leaves number and dry weight per plant of three potato cultivars as affected by irrigation with saline water in two seasons. 

 Number of leaves / plant in season 2012 
Variety  
(A) 

Saline water concentrations (dS/m) 
(B) 

0.4 1.5 3.0 4.5 6.0 Mean 
Diamant  57.33 61.67 49.67 39.33 35.67 48.73 
Lady Rosetta 49.67 53.33 41.67 37.00 27.00 41.73 
Spunta  47.33 45.67 38.00 33.33 30.00 38.87 
Average 51.44 53.56 43.11 36.56 30.89  
L.S.D. at 5% significant level A = 2.84              B = 2.17            A X B  = 3.76 
 Number of leaves / plant in season 2013 
Variety  
(A) 

Saline water concentrations (dS/m) 
(B) 

0.4 1.5 3.0 4.5 6.0 Mean 
Diamant  48.00 59.33 55.33 39.33 37.00 47.80 
Lady Rosetta 45.33 47.00 46.33 38.67 28.33 41.13 
Spunta  40.33 45.67 38.33 35.33 39.33 39.80 
Average 44.56 50.67 46.67 37.78 34.89  
L.S.D. at 5% significant level A = 1.62            B = 5.65        A X B  = 9.79 
 Leaves dry weight / plant (g) in season 2012 
Variety  
(A) 

Saline water concentrations (dS/m) 
(B) 

0.4 1.5 3.0 4.5 6.0 Mean 
Diamant  10.74 10.65 9.73 9.46 9.00 9.92 
Lady Rosetta 9.37 9.35 8.08 7.41 6.77 8.20 
Spunta  9.26 8.59 8.06 7.77 5.46 7.83 
Average 9.79 9.53 8.63 8.21 7.08  
L.S.D. at 5% significant level A = 1.11             B = 0.86          A X B  = 1.49 
 Leaves dry weight / plant (g) in season 2013 
Variety (A) Saline water concentrations (dS/m) 

(B) 
0.4 1.5 3.0 4.5 6.0 Mean 

Diamant  10.26 9.59 9.40 8.43 7.13 8.961 
Lady Rosetta 10.04 9.35 8.75 8.08 7.43 8.729 
Spunta  9.28 9.64 8.46 8.23 7.00 8.333 
Average 9.86 9.53 8.87 8.25 7.19  
L.S.D. at 5% significant level A = N.S            B = 1.29            A X B  = 2.23 
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It is also clear from the presented data that the high salinity level (6.0 dS/m) gave the lowest leaves 
number per plant, while the saline level (1.5 dS/m) gave the highest value compared with other tested levels. 

The interaction between the studied varieties and the saline water levels was significantly effective. The 
highest number of leaves per plant was obtained from Diamant variety when irrigated with 1.5 dS/m saline 
water. 

In this regard, Ramadan et al. (2003) indicated that increasing salinity led to significant decrease in 
number of leaves per plant. As well as, on onion (Makary et al., 1994). Also, Satti et al. (1994) and Palma et al. 
(1998) demonstrated that, tomato plants when irrigated with different saline levels as it was found that the 
number of leaves/plant was reduced significantly due to the increase in the saline levels.  

 On the other hand, Abd El-Aal (2010) indicated that, the interaction effect between potato varieties and 
different salinity levels did not reach to significant level in fall season. 

 
4. Leaves dry weight / plant: 

Data presented in Table 4 show that potato varieties were significantly differed in leaves dry weight of 
potato plants in 2012 season only.  

Generally, Diamant cultivar gave the highest leaves dry weight per plant as compared with Lady Rosetta 
and Spunta in the two seasons. 

Regarding the effect of irrigation potato plants with different levels of saline water on leaves dry weight 
per plant, the results given in Table 4 elicit that, leaves dry weight of potato plants was significantly decreased 
with increasing levels of saline water concentration up to the maximum level (6.0 dS/m). 

The interaction effect between the studied varieties and the saline levels was significantly effective in 
2012 and 2013 seasons. The highest dry weight of leaves per plant was obtained from Diamant variety when 
irrigated with 0.4 dS/m (control) of saline water, while the lowest value of leaves dry weight was obtained in 
case of cv. Spunta with irrigated by 6.0 dS/m.  

In this regard Bilski et al. (1988) and Heuer and Nadler (1995) demonstrated that, increasing salinity led to 
a significant decrease in leaves dry matter. Also, El-khattib (1996), Ali (2009) and Abd El-Aal (2010) indicated 
that, increasing salinity level caused significant decrease in leaves dry weight of potato plants. 

 
5.  Leaf area per plant:  

Concerning the effect of potato varieties on total leaves area per plant (Table 5) the varieties led to 
significant effect on this character. In this regard, data cleared that, the variety Diamant produced the highest 
value of total leaves area per plant while the variety Spunta recorded the lowest value during the two seasons of 
growth. 

The same data in Table 5 presented the effect of water salinity on total leaves area per plant. High salinity 
of 6.0 dS/m significantly decreased total leaves area per plant as compared to the other salinity levels (control, 
1.5, 3.0 and 4.5 dS/m). 

Concerning the interaction effect between the different varieties and the saline levels, the data clearly 
indicated that this effect was true under this study (Table 5). Diamant variety recorded the highest total leaves 
area per plant when irrigated by 0.4 dS/m (control) of saline water in both seasons compared with other 
interaction treatments.  

In this connection, the decrement effect of salinity on leaf area might be attributed to the reduction in cell 
enlargement and the size of the intercellular space per unit area (Strogenov, 1962). Also, Bilski et al. (1988), 
Levy et al. (1988), Heuer and Nadler (1995), Karam et al. (1998) and Abd El-Aal (2010) observed that, the 
plant leaf area of potato plants was reduced as a result of using salinity water in irrigation. 

 
6. Tuber fresh weigh: 

The effect of using different water salinity levels and potato cultivars on tuber fresh weight after 75 days 
from planting are shown in Table 5. Data cleared that the varieties had significant effect on fresh weight of 
produced tuber. In this respect, cv. Diamant gave the highest tuber fresh weight per plant compared to Lady 
Rosetta and Spunta cultivars in the two growth seasons. 

High salinity level of 6.0 dS/m gave the lowest tuber weight per plant, while the highest tuber weight was 
achieved by the lowest saline water level of 1.5 dS/m in both summer seasons (Table 5). 

Concerning the interaction effect between varieties and salinity treatments results show that variety 
Diamante irrigated with the saline treatment of 1.5 dS/m recorded the highest tuber fresh weight per plant in 
both growing seasons. This finding confirmed by previous studies which were found by Abdullah and Ahmed 
(1982), Barakat (1996), El-khattib (1996), Ali (2009) and Abd El-Aal (2010) who indicated that, salinity 
reduced tuber fresh weight for different tested potato varieties. 
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Table 5: Leaf area per plant and tuber fresh weight per plant of three potato cultivars as affected by irrigation with saline 
water in two seasons. 

 Leaf area per plant (cm2/plant) in season 2012 
Variety 
 (A) 

Saline water concentrations (dS/m) 
(B) 

0.4 1.5 3.0 4.5 6.0 Mean 
Diamant  1193 1183 1081 1051 1000 1102 
Lady Rosetta 1041 1039 898 823 752 911 
Spunta  1029 954 896 863 607 870 
Average 1088 1059 958 912 786  
L.S.D. at 5% significant level A =145                 B =114                   A x B =197 
 Leaf area per plant (cm2/plant) in season 2013 
Variety 
(A) 

Saline water concentrations (dS/m) 
(B) 

0.4 1.5 3.0 4.5 6.0 Mean 
Diamant  1283 1198 1175 1054 891 1120 
Lady Rosetta 1255 1168 1094 1010 929 1091 
Spunta  914 1071 1031 940 777 947 
Average 1269 1183 1134 1032 910  
L.S.D. at 5% significant level A = 172                B = 160                A X B  = 277 
 Tuber fresh weight (g) at 75 days after planting in season 2012 
Variety 
(A) 

Saline water concentrations (dS/m) 
(B) 

0.4 1.5 3.0 4.5 6.0 Mean 
Diamant  146.46 160.63 129.29 77.22 55.90 113.90 
Lady Rosetta 111.61 107.67 90.57 64.57 56.45 86.18 
Spunta  85.36 81.25 68.50 56.67 37.66 65.89 
Average 114.48 116.52 96.12 66.15 50.00  
L.S.D. at 5% A = 2.60                 B = 3.61                  A X B  = 6.42 
 Tuber fresh weight (g) at 75 days after planting in season 2013 
Variety 
(A) 

Saline water concentrations (dS/m) 
(B) 

0.4 1.5 3.0 4.5 6.0 Mean 
Diamant  142.62 156.48 152.02 90.19 71.17 122.50 
Lady Rosetta 111.33 131.66 113.33 96.63 64.63 103.52 
Spunta  103.86 91.48 79.40 67.32 41.56 76.72 
Average 119.27 126.54 114.92 84.71 59.12  
L.S.D. at 5% A = 2.65                 B = 3.67              A X B  = 6.36 

 

7. Tuber dry weight / plant: 
Data in Table 6 show the effect of various saline levels on tuber dry weight of different potato varieties 

during 2012 and 2013 seasons (Table 6). Significant differences were shown in this characteristic between 
Diamant variety and the other tested varieties in this study which exhibited Diamant variety gave the highest 
tuber dry weight over the other varieties, namely Lady Rosetta and Spunta. 

The different saline levels recorded a significant reduction in tuber dry weight with saline level over 1.5 
dS/m through both summer seasons (Table 6). 

The interaction between varieties and salinity levels recorded significant effect on the tuber dry weight per 
plant in 2012 and 2013 seasons. The highest value was obtained under interaction between Diamant with low 
level of water salinity, while, Spunta variety gave the lowest value when irrigated by 6.0 dS/m water salinity. 

These results were in agreement with those found by Levy et al. (1988) who mentioned that salinity 
reduced the tuber dry matter. As well as, Abd El-Aal (2010) found that, potato varieties caused significant effect 
on the tuber dry weight. Also, the different saline levels recorded a significant reduction in tuber dry weight 
with saline level over 1000 ppm through both fall seasons. 

 
8. Total plant dry weight: 

Regarding the effect of varieties on total plant dry weight (stems, leaves and tubers) per plant which 
presented in Table 6, data cleared that, there were significant effects on this character in both summer seasons 
of 2012 and 2013. Diamant cultivar was superior in total plant dry weight than Lady Rosetta and Spunta 
cultivars. 

Increasing salinity concentrations of irrigation water reduced significantly total plant dry weight, i.e., 
stems, leaves and tubers, as compared to low salinity concentration of 1.5 dS/m in both seasons.  

Concerning the interactions effect, the results in Table 6 reveal that, the interactions between cultivars and 
salinity levels caused significant effect on total plant dry weight of potato plants. The highest value of total 
plant dry weight was obtained for Diamant cultivar interacted with low level of water salinity, i.e., irrigation by 
1.5 dS/m, compared with the other treatments. The lowest value in this respect was found as a result of the 
interaction between Spunta and high water salinity concentration (6.0 dS/m). 
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Table 6: Tuber dry weight and total plant dry weight (at 75 days after planting) of three potato cultivars as affected by 
irrigation with saline water in two seasons. 

 Tuber dry weight (g) in season 2012 
Variety  
(A) 

Saline water concentrations (dS/m) 
(B) 

0.4 1.5 3.0 4.5 6.0 Mean 
Diamant  28.90 32.37 26.49 16.05 11.78 23.12 
Lady Rosetta 23.96 24.43 20.77 14.91 13.39 19.49 
Spunta  13.66 13.58 11.83 10.03 6.82 11.19 
Average 22.17 23.46 19.69 13.67 10.66  
L.S.D. at 5% significant level A =1.62             B = 2.57             A X B  = 4.45 
 Tuber dry weight (g) in season 2013 
Variety 
 (A) 

Saline water concentrations (dS/m) 
(B) 

0.4 1.5 3.0 4.5 6.0 Mean 
Diamant  26.49 29.71 25.90 16.05 14.11 21.44 
Lady Rosetta 22.43 24.96 22.42 16.91 16.05 20.55 
Spunta  14.66 14.58 12.83 10.70 7.49 12.05 
Average 21.19 23.08 20.38 14.55 12.55  
L.S.D. at 5% significant level A = 2.65         B = 3.67          A X B  = 6.36 
 Total plant dry weight in season 2012 
Variety 
(A) 

Saline water concentrations (dS/m) 
(B) 

0.4 1.5 3.0 4.5 6.0 Mean 
Diamant  41.63 45.73 38.44 26.80 20.67 34.65 
Lady Rosetta 36.58 36.54 31.07 24.18 21.59 29.99 
Spunta  26.76 25.97 22.76 20.63 14.92 22.21 
Average 34.99 36.08 30.75 23.87 19.06  
L.S.D. at 5% significant level A =2.33             B = 2.81          A X B  = 4.87 
 Total plant dry weight in season 2013 
Variety 
(A) 

Saline water concentrations (dS/m) 
(B) 

0.4 1.5 3.0 4.5 6.0 Mean 
Diamant  40.16 43.06 38.17 26.57 23.01 34.19 
Lady Rosetta 36.25 34.54 33.39 26.85 24.93 31.19 
Spunta  28.76 27.97 25.09 21.97 17.25 24.21 
Average 35.06 35.19 32.22 25.13 21.73  
L.S.D. at 5% significant level A = 3.82         B = 4.13          A X B  = 7.16 

 
The reduction in growth can be attributed to several factors, salinity induced water deficits in the plantlets, 

it is well known that an additional amount of NaCl in the medium causes a reduction in the plant water 
potential, which ultimately suppress water and nutrients uptake which could have a direct effect on 
photosynthetic process which usually lead to a reduction in the translocation of assimilates (Bhivare and 
Chavan, 1987). In addition, Salinity may directly or indirectly inhibit cell division and enlargement in the plant 
growing points. Reduced shoot growth caused by salinity originates in growing tissues, not in mature 
photosynthetic tissues (Munns et al., 1982). As a result, leaves and stems of the effected plants appear stunted. 
Chloride induces elongation of the palisade cells, which leads to leaves becoming succulent.  

These results are in accordance with those obtained by Abd El-Aal (2001), Ramadan et al. (2003). Also, 
Ali (2009) showed that potato cultivars significantly differed in dry weight per plant, cv. Diamant was superior 
in plantlet dry weight than Cara and Spunta cultivars. Also, salinity caused reduction in plantlet dry weight.  
 
B: Chemical characteristics: 
 
1. Tuber dry matter (%): 

Dry matter percentage of potato tubers was significantly affected by potato varieties. In this respect, Lady 
Rosetta gave the highest percentage of dry matter compared to Diamant and Spunta varieties, whereas, Spunta 
variety had the lowest value of dry matter percentage (Fig. 1). These results are true in 2012 and 2013 seasons. 

Data presented in Figure 1 show that, dry matter percentage of potato tubers in the two seasons was 
significantly increased gradually when irrigation by 6.0 dS/m water salinity compared with the other treatments.  

Regarding the effect of the interaction between potato varieties and different salinity levels Figure 1 
reveals that the interactions had significant effect on tuber dry matter percentage of potato tubers in summer 
seasons 2012 and 2013. The high percentage of tuber dry matter was obtained under the interaction between 
Lady Rosetta variety with high level of water salinity (6.0 dS/m) compared with the other interaction 
treatments. 

The increment in dry mater percentage may be attributed to water stress which led to an increase in total 
soluble solids (TSS) and accumulation of dry matter. 
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These results agreed with Heuer and Nadler (1995) who indicated that, accumulation of dry matter in 
tubers was increased by salinity. In addition, Efron and Levy (1988) reported that, percentage dry matter of 
tubers increased slightly with increasing salinity. 

 

 
 

Fig. 1: Tuber dry matter percentage of three potato cultivars as affected by irrigation with saline water levels in 
two seasons (2012 and 2013). 

 
2. Tubers starch (%): 

Data presented in Figure 2 show that, the starch percentage of potato tubers after curing was significantly 
affected by potato variety.  

In this respect, the greatest percentage of starch content was obtained by Lady Rosetta variety compared 
with Diamant and Spunta varieties. Whereas, Spunta variety gave the lowest percentage of tubers starch 
percentage. These results were insistently observed in the two growing seasons. 

Concerning the effect of water salinity on starch percentage of potato tubers, data in Figure 2 indicated 
that, starch percentage of potato tubers gradually increased with increasing the levels of water salinity in 2012 
and 2013 summer seasons,.  

Regarding the interactions effect of varieties and different levels of water salinity on starch percentage of 
potato tubers, data presented in Figure 2, show the highest value of starch percentage of potato tubers was 
obtained due to the interaction between Lady Rosetta variety and irrigation with saline water at 6.0 dS/m. 
Whereas, the combination between Spunta variety and low level of water salinity caused the least percentage of 
starch. These results were true in the two growing seasons. 

 
3. Specific gravity: 

The data in Figure 3 presented the effect of potato variety on specific gravity. Similar trend as that 
observed in dry matter percentage of potato tubers was found in specific gravity. The highest value of specific 
gravity was obtained by Lady Rosetta variety compared with Diamant and Spunta varieties. 

The same data in Figure 3 indicated the effect of irrigation with saline water on specific gravity. This 
result was taking the same trend of dry matter percentage of potato tubers in Figure 3. Specific gravity of potato 
tubers was gradually increased with increasing water salinity in summer seasons compared with the low level of 
saline water. The increment in specific gravity could be attributed to the much more dry matter percentage and 
low water content of potato tubers.  

The interactions between varieties and saline water significantly affected specific gravity of potato tubers 
(Fig. 3). The highest value of specific gravity was obtained due to the interaction between Lady Rosetta variety 
and high level of saline water at level 6.0 dS/m. While, the lowest value was obtained in case of cv. Spunta 
irrigated by the lowest saline water level. 
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Fig. 2: Tubers starch percentage of three potato cultivars as affected by irrigation with saline water levels in two 

seasons (2012 and 2013). 
 

 
Fig. 3: Specific gravity of tubers of three potato cultivars as affected by irrigation with saline water levels in 

two seasons (2012 and 2013). 
 
C: Yield and its components: 
 
1. Tubers number per plant at harvest time: 

Data presented in Table 7 show that potato varieties were not significantly differ in number of tubers per 
plant at harvest time. Generally, the highest value was achieved by Diamant variety, whereas, Spunta gave the 
lowest tubers number per plant. 

Regarding the effect of irrigation by saline water on number of tubers, the results in Table 7 elicit that, 
tubers number per plant was significantly decreased with increasing salinity levels above 1.5 dS/m. On the other  
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Table 7: Number of tubers per plant and average tuber weight (gm) at harvest time of potato cultivars as affected by 
irrigation with saline water in two seasons. 

 Number of tubers /plant in season 2012 
Variety 
(A) 

Saline water concentrations (dS/m) 
(B) 

0.4 1.5 3.0 4.5 6.0 Mean 
Diamant  7.33 7.83 5.63 5.4 5.53 6.34 
Lady Rosetta 5.87 6.87 5.93 5.6 4.53 5.76 
Spunta  7.07 6.2 4.93 5.07 3.33 5.32 
Average 6.76 6.97 5.50 5.36 4.46  
L.S.D. at 5% significant level A = N.S                 B = 0.76          A X B  =1.31 
 Number of tubers /plant in season 2013 
Variety 
(A) 

Saline water concentrations (dS/m) 
(B) 

0.4 1.5 3.0 4.5 6.0 Mean 
Diamant  8.00 8.07 5.93 5.40 5.53 6.59 
Lady Rosetta 6.07 7.87 5.80 5.33 5.27 6.07 
Spunta  6.93 6.00 5.47 5.27 3.00 5.33 
Average 7.00 7.31 5.73 5.33 4.60  
L.S.D. at 5% significant level A = N.S              B = 1.17              A X B  = 2.03 
 Average tuber weight (g) in season 2012 
Variety 
(A) 

Saline water concentrations (dS/m) 
(B) 

0.4 1.5 3.0 4.5 6.0 Mean 
Diamant  42.03 45.71 36.52 33.63 31.55 37.89 
Lady Rosetta 34.69 34.18 29.76 31.54 33.61 32.76 
Spunta  42.79 43.13 39.19 36.46 29.70 38.25 
Average 39.84 41.01 35.16 33.88 31.62  
L.S.D. at 5% significant level A = 4.15             B = 4.36             A X B  = 7.56 
 Average tuber weight (g) in season 2013 
Variety 
(A) 

Saline water concentrations (dS/m) 
(B) 

0.4 1.5 3.0 4.5 6.0 Mean 
Diamant  38.07 41.07 38.61 35.51 30.59 36.77 
Lady Rosetta 35.85 32.50 30.56 31.86 28.31 31.81 
Spunta  36.73 33.36 31.69 31.01 20.53 30.66 
Average 36.88 35.64 33.62 32.79 26.48  
L.S.D. at 5% significant level A = 3.37             B = 4.86              A X B  = 8.42 

 
hand, the low level of saline water increased number of tubers per plant. These results were true in both 
growing seasons. 

The interaction between potato varieties and different saline water levels gave significant effect on tuber 
number per plant in both 2012 and 2013 summer seasons.  

The reduction in tubers number per plant under high level of water salinity may be attributed to the 
reduction in vegetative growth, as well as, number of stolen. These results were in agreement with those 
reported by Abdullah and Ahmed (1990) who indicated that tuber number per plant was increased with low 
salinity concentration and decreased with increasing salinity concentration. Similarly, Bouaziz (1980), Yadav et 
al. (1992), Mangal et al. (1993) and Barakat (1996) reported that salinity reduced the tuber number per plant. In 
addition, Abd El Aal (2010) demonstrated that, tuber number per plant was significantly decreased as saline 
water level increased from 259 to 4000 ppm. 

 
2. Average tuber weight:  

The potato varieties significantly affected on the average of tuber weight in plants (Table 7). The cv. 
Diamant gave the highest average of tuber weight compared with Spunta and Lady Rosetta in 2012 and 2013. 
On the contrary, the lowest value in this respect was obtained on Spunta variety in the two seasons.  

Results obtained in Table 7 show that, average tuber weight was significantly increased when potato 
plants are irrigated by low levels of saline water (0.4 and 1.5 dS/m) compared to high levels of saline water (4.5 
and 6.0 dS/m). 

Concerning the interaction effect of potato varieties and water salinity, the results in Table 7 revealed that, 
the interactions between the previous factors caused a significant effect on average of tuber weight. The highest 
value of average tuber weight was obtained as a result of the interaction between cv. Diamant interacted with 
low level of saline water (1.5 dS/m) compared with the other treatments. As well as, the lowest value was 
achieved when cv. Spunta irrigated by 6.0 dS/m saline water. 
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3. Tuber fresh weight /plant at harvest time: 
Data presented in Table 8 showed that, there was significant difference in total yield per plant among the 

tested cultivars during both seasons of study. In this connection, cv. Diamant gave the heaviest significant tuber 
weight per plant while the variety Spunta recorded the lightest significant values in both seasons. 

Regarding the effect of saline water levels, it was shown from the results that the low saline level (control) 
and 1.5 dS/m gave the heaviest tuber weight whereas the highest saline water level (6.0 dS/m) induced the 
lowest significant tuber weight per plant in 2012 and 2013 seasons. 

The interaction between the different varieties and the various saline water levels differed significantly in 
the resulted total yield in weight. Diamant variety gave the highest values when it was watered with low levels 
of saline water (control and 1.5 dS/m) while irrigation Spunta variety with 6.0 dS/m saline water produced the 
lowest weight.  

These results were similar stated by Mangal et al. (1993), Heuer and Nadler (1995), Barakat (1996), El-
khattib (1996), Karam et al. (1998), Wang et al. (1999), Ali (2009) and Abd El-Aal (2010) who indicated that 
salinity reduced the potato tuber yield.  
 
Table 8: Total yield of fresh tubers per plant at harvest time of potato cultivars as affected by irrigation with saline water in 

two seasons. 
 Total yield per plant (g) in season 2012 

Variety  
(A) 

Saline water concentrations (dS/m) 
(B) 

0.4 1.5 3.0 4.5 6.0 Mean 
Diamant  251.4 261.5 203.4 181.1 174.3 214.3 
Lady Rosetta 181.6 190.7 175.4 174.3 151.0 174.6 
Spunta  235.6 223.7 193.2 184.8 149.4 197.3 
Average 222.9 225.3 190.6 180.1 158.2  
L.S.D. at 5% significant level A = 11.4              B = 12.1              A X B  = 20.9 
 Total yield per plant (g) in season 2013 
 
Variety  
(A) 

Saline water concentrations (dS/m) 
(B) 

0.4 1.5 3.0 4.5 6.0 Mean 
Diamant  228.4 224.5 203.4 191.8 169.3 203.5 
Lady Rosetta 200.6 210.7 185.4 174.3 154.2 185.0 
Spunta  217.9 195.7 186.2 179.8 149.2 185.8 
Average 215.7 210.3 191.6 182.0 157.6  
L.S.D. at 5% significant level A = 27.2               B = 12.1             A x B = 20.9 

 
Conclusion 

 
Previously presented data cleared that Diamant potato variety is the most tolerant against saline water 

irrigation and Lady Rosetta is the second tolerant variety and Spunta is the least tolerant variety.  
Generally, it could be summarized that Diamant potato variety may be used as saline tolerant for seed 

potato production in our salty soil area those are located in Fayium, Kafr El-Shaikh and all other salty areas 
those are neglected because of high concentration of saline in the soil. Also, it could be concluded that potatoes 
plants can be grow under saline water stress up to 4.5 dS/m especially Diamant cultivar. 
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