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ABSTRACT 
        The experiment was carried out in lysimeter under controlled greenhouse 
conditions. Saline water was applied in different levels, i.e. fresh water, 3 and 6 
dS/m. Organic manure were applied to soil at rates of 0, 2.6 and 5.2 kg/m2. Basal 
recommended doses of P and K were applied. Labelled urea (10% a.e.) was 
applied at rate of 200 kg N/ha. 15N technique was used to evaluate N-uptake and 
fertilizer efficiency. 
Comparison held between the two potato varieties indicated that higher 
reduction in shoot dry weight was recorded with Nicola variety than Spunta one 
which irrigated with 6dS/m water salinity level. Addition of 2.6kg/m2 organic 
rate induced an increase in N uptake with fresh water and 3dS/m salinity then 
tended to decrease with 6dS/m level as compared to the untreated control. 
Concerning the nitrogen fertilization, data of 15N analysis showed that, water 
salinity levels combined with organic addition rates were frequently affected the 
nitrogen derived from fertilizer and consequently the fertilizer use efficiency. 
Most of nitrogen was derived from the applied nitrogen fertilizer with maximum 
accumulation in tuber rather than shoots or roots of both potato varieties. 
Gradual increase of tuber starch with increasing salinity levels was noticed with 
addition of 2.6 kg/m2 of organic matter. In general, Spunta variety showed some 
superiority in tuber starch over those of Nicola variety tuber. 

INTRODUCTION 
 

Potato (Solanum tuberosum L.) is one of the most important vegetable crops in Egypt, which 
lie on the head of Egyptian exports menu and one of the national income resources. In the past, it 
was believed that potato could only be planted in loam soil, but recent studies showed that there is 
a possibility of potato production under sandy soil conditions, with high tubers quality [1]. 

Regarding salinity tolerance of potatoes grown in sandy soils, Gong et al. (1996)[2] noticed 
that irrigating potato plants once a day with saline water reduced plant growth as compared with 3 
or 6 irrigations a day. Higher irrigation frequency was so efficient in reducing salinity effect that 
irrigation frequency of 3 and 6 times per day showed no differences between fresh and saline 
water on plant growth. 

The application of straw+ FYM+ bedding straw increased potato yield [3], and the optimum 
combination rates of organic and mineral fertilizer were established for obtaining the high yields 
[4], also, Singh and Brar (1985)[5] indicated that potato yield significantly increased by the 
application of K and FYM. Tashkhodzhaey (1985)[6] showed that the highest yield and nitrate N 
content were obtained with 60t/ha FYM+ 150Kg N+ 100Kg P2O5+ 60Kg K2O/ha. 

Gusev et al. (1999)[7] studied the effect of mineral fertilizers, manures and seed quality on the 
yield of potatoes and starch content of the tubers. Application of 40N+ 60P+ 80K and 20ton 
manure/ha over three years increased potato yield by 28%, and decreased starch content by 1.2%. 
Application of 80N+ 120P+ 160K and 40t manure/ha increased yields by 62%, and decreased 



starch content by 2%. Seyedbagheri (1999)[8] added three rates of compost (5,15 and 25t/acre) to 
the soil for potato crop. The highest total yield was obtained by using 25t/acre of compost 
applied. 

 The objective of this work is aimed at evaluating the influence of irrigation with saline water 
in combination with organic residues on yield and nitrogen nutrition of two potato varieties 
varying in salt tolerant. 

 
MATERIALS AND METHODS 

 
Lysemeter experiment was conducted under greenhouse conditions. PVC Lysemeter with 

volume 0.103m3 (diameter 0.54m and depth 0.45m) was used. The set-up consists of 90 
Lysemeter (3 saline irrigation water treatments, 3 organic matter, 2 varieties of potatoes (Spunta 
and Nicola), and 5 replicates.  

A clay textured soil with pH, 8.11; EC, 0.542 dS/m; OM, 2.67%; available water 9.7%, 
field capacity, 29.7% was used. 

Potato (Solanum tuberosum), with two varieties (Spunta & Nicola), provided by the 
International Agronomic Mediterranean Institute, Valenzano, Bari – Italy, from HZPC Company 
was cultivated. 

The saline water was prepared by mixing fresh water (0.91dS/m) with seawater (46dS/m) 
at certain ratios. The electrical conductivity (EC) values of saline water ranged from 0.91dS/m 
(fresh water control) up to 6 dS/m. The drip irrigation system was used. 

Three rates of organic matter have been used, OM1, OM2 and OM3 with quantities of 0, 600 
and 1200g equivalent to 0, 2.6 and 5.2 kg/m2, respectively. The chemical analysis of organic 
matter is: Organic C, 35%; Organic N, 1,2 %; C/N ratio, 29; Humic+Fulvic acids, 8%; Zinc, 80 
ppm; salinity, 20 dS/m.    

Fertilization with K, or P took place after thinning; P was applied at a rate of 120kg P2O5/ha, 
and K at rate of 200kg K2O/ha, and the required micronutrients. 

Nitrogen was applied at a rate of 200 kg N /ha as ordinary urea (NH2CONH2) and labelled urea 
(10% a.ex.) for all lysimeters of potato crop. Labelled urea was divided into two equal doses, the 
first one has been applied after thinning and the second dose was applied after 30 days from 
thinning.  

Plants were harvested at maturity stage, separated into shoot, root and tubers, and then oven-
dried at 70 oC for 48 hours and dry weight of each part was recorded. In this respect, focus will be 
held on tubers as affected by the different treatments since it is the most important component of 
potato yield. 

Total-N of tubers as well as the soil samples was determined by Kjeldahle method after 
Bremner and Mulvaney (1982)[9]. The 15N/14N ratio was determined using emission spectrometer 
model Fischer NOI-6PC. This estimation was carried out in the 15N-lab, Atomic Energy 
Authority, Egypt. 

Nitrogen derived from fertilizer (% Ndff), nitrogen derived from soil (% Ndfs), and fertilizer 
use efficiency (% FUE) were calculated according to (Hardarson et al., 1991)[10]. 

  

  RESULTS AND DISCUSSION 
 



Dry matter yield of shoot, root and tubers 
Shoot, roots and tubers dry weight of Spunta and Nicola varieties are listed in Table (1). 

Increasing water salinity levels up to 3 and 6 dS/m as compared to fresh water treatment 
increased shoot dry weight. This holds true under OM1 and OM2 treatments, but reversible 
direction was noticed with OM3 (5.2kg/m2) where shoot dry weight tended to decrease with 
increasing water salinity levels. Concerning the effect of organic matter addition, it seems that 
addition of 2.6 and 5.2kg/m2, under fresh water and 3dS/m salinity levels enhanced dry weight 
whereas it tends to decrease with increasing salinity level up to 6dS/m.  

Another view was recorded with Nicola variety, where the addition of organic matter induced 
decrements in shoot dry weight as compared to untreated soil. Irrigation with 3dS/m salinity level 
resulted in increase in Nicola shoot dry weight under OM1 and OM2 comparable to those of fresh 
water treatment. On the other hand, shoot dry weight was gradually decreased with increasing 
water salinity levels when 5.2kg/m2 organic matter rate was added.  

Table (1) Dry matter yield of potato varieties as affected by irrigation water salinity and 
organic matter rates. 

  
Shoot [g/lysi] Root [g/plant] Tuber [t/ha] 

Water salinity level (dS/m) OM 
(kg/m2) F.W 3 6 F.W 3 6 F.W 3 6 
 Spunta 

0 25.4 25.8 42.4 2.53 3.10 2.29 8.5 8.5 8.7 
2.6 29.3 37.5 31.1 3.14 2.74 2.38 8.4 8.5 8.6 
5.2 32.2 30.3 29.0 1.71 1.95 2.90 8.3 8.4 8.5 

 Nicola 
0 42.0 45.3 28.8 2.29 2.30 2.34 8.8 9.1 9.7 

2.6 37.9 42.1 26.7 2.41 2.14 2.03 8.6 8.7 9.2 
5.2 37.1 31.9 26.9 2.16 1.88 2.33 8.4 8.6 8.8 

 
Comparison held between the two potato varieties indicated that higher reduction in shoot dry 

weight was recorded with Nicola variety than Spunta one which irrigated with 6dS/m water 
salinity level. In the same time, the overall means indicated that Nicola variety was superior over 
Spunta variety when organic matter treatments were considered. Similar trend was noticed with 
the mean values of fresh water and 3dS/m levels when concerning the water salinity effects.  

Our results are in harmony with Banerjee and Singhamohpra (1986)[11] who reported that 
leaves, stems and roots of potato plant were enhanced by addition of organic fertilizer. Similarly, 
Saleh and Abd El-Fattah[12] observed that application of organic manure increased dry weight of 
potato plant over the chemical fertilization treatment. Dealing with salinity effect, it is of 
interesting to reuse the explanation after Bilski et al. [13] who elucidate that salt solutions led to 
bronzing, rolling and necroses on leaf margins and caused a great reduction in leaf area and 
leaves dry weight. In the same direction, Heuer and Nadler [14] reported that 3 and 6dS/m salinity 
levels have a little effect on stem dry weight and numbers. 

Values of root dry weight of Spunta variety were fluctuated as affected by water salinity levels 
and organic matter rates (Table 1). Under 0 organic matter, root dry weight was increased with 
increasing water salinity level up to 3dS/m, and then tended to decrease with 6dS/m level. 
Addition of organic matter at rate of 2.6kg/m2 increased root dry weight (RDW) only under fresh 
water, and then tended to decrease with increasing salinity levels. Reversible trend was noticed 



with 5.2kg/m2 rate, where the root dry weight was increased with increasing salinity levels up to 
6dS/m. 

In case of Nicola variety, there were no remarkable variations in dry weight of roots as 
affected by increasing water salinity levels when 0 organic matter rate was considered. Slight 
decrease in root dry weight was recorded at rates of 2.6 and 5.2kg/m2 organic matter with 
increasing salinity levels, except the treatment of 5.2kg/m2 under 6dS/m. Generally, the 
comparison between the two potato varieties indicated the superiorly of Spunta variety over 
Nicola variety. 

Abd El-Al [15] found that, dry weight of potato roots was enhanced due to irrigation twice a 
day, as compared to once a day and by using water containing low concentration of salts (EC 
1.5dS/m). On the contrary, a decrease in RDW was recorded under the high levels of salinity i.e. 
3 and 4.5dS/m. Abou-Hussein [1] indicated that, chicken manure (25m3/ha) combined with cattle 
manure 75m2/ha in sandy soil increased vegetative growth i.e. plant height, number of leaves and 
stem fresh weight. Our results are in accordance with those mentioned above. 

It is obvious from Table (1) that the dry weight of Spunta tubers did not affected by increasing 
salinity levels and/or organic addition rates. Opposite direction was recorded with Nicola tubers, 
where it increases with increasing salinity levels up to 6dS/m, but decreased with increasing 
organic matter rate up to 5.2kg/m2.  In general, a little bit variation was noticed for Nicola variety 
as compared to Spunta variety. 

Iqbal et al. [16] studied the yield response of potato to planned water stress; the results obtained 
showed that, the timing of water stress influenced the tuber yield. The stress imposed at ripening 
stage caused the lowest reduction in yield whereas that imposed at early development caused the 
greatest yield reduction followed by the tuber formation stage. 

 
Tuber nitrogen uptake (mg/Lysemeter) 

As far as the tubers are the most important component in potato yield, thus concentration will 
be held on the different N sources derived by tubers. The coming results (Table 2) showed that 
Spunta tubers-N was decreased with increasing water salinity levels up to 6dS/m under no-
organic matter addition. Addition of organic matter at rate of 2.6kg/m2 did not induced significant 
difference in tuber-N with increasing salinity levels. Doubling the rate of organic matter added 
resulted in decrease in tuber-N under fresh water and 3dS/m salinity level comparing to 0 organic 
controls. In this case, also increasing salinity level up to 3dS/m caused decrease in tuber-N, and 
then tended to increase with 6dS/m salinity level.  

Table (2) Tuber N uptake of potato varieties as affected by irrigation water salinity  

               and organic     matter rates. 

Water salinity level (dS/m) Organic Matter 
Level (kg/m2) F.W 3 6 

Spunta 
0 1832 1814 1761 

2.6 1766 1769 1758 
5.2 1781 1707 1769 

Nicola 
0 1807 1921 1875 

2.6 1846 1791 1637 
5.2 1803 1740 1603 

 



Under all organic treatments, Nicola variety showed decrease in tuber-N with increasing 
salinity levels. Under fresh water treatment only, application of organic matter induced an 
increase of tuber-N as compared to no-organic matter treatment. With 3 and 6dS/m, the 
application of organic matter resulted in decrease in tuber-N. This was more pronounced with 
5.2kg/m2 rate of organic matter rather than the rate of 2.6kg/m2. Generally, Nicola variety showed 
some superiority over Spunta variety especially under fresh water and 3dS/m water salinity 
levels. 

Waddell et al. (1999)[17] found that N uptake by tubers under stress condition (40% of 
available irrigation water) and manure treatment was increased compared to control treatment. 
Also Arnout van Delden [18] found that, organic N source increased tuber dry weight and tuber N 
uptake. Also, Giardinia et al. [19] showed that, excess of K+ (may be coming from saline irrigation 
water) caused reduction in protein content of potato tuber. 

 

Utilization of fertilizer nitrogen 
 
Nitrogen derived from fertilizer (Ndff) 

Tuber-Ndff as graphically illustrated by Fig (1), was very higher than those recorded above 
for shoots. This holds true under all treatments of water salinity and organic matter rates. In case 
of spunta tubers, high Ndff% and absolute values with F.W. treatment tended to decrease with 
increasing water salinity levels, except the treatment received 5.2kg/m2 organic matter, where the 
Ndff% and absolute values were increased with increasing salinity level up to 6dS/m. Effect of 
organic matter addition was frequent. The Ndff values tended to decrease with increasing organic 
addition rate combined with F.W treatment. Another view was noticed with both 3 and 6dS/m 
salinity levels, where the Ndff values tended to decrease with rate of 2.6 kg/m2 then increased 
again when doubling the organic matter rates (5.2kg/m2).  

Tuber of Nicola variety has accumulated considerable amounts of Ndff nearly to those 
recorded with Spunta variety. The highest percentage and values of Ndff were detected with 
salinity level of 6 dS/m combined with no organic matter addition. In this respect, the Ndff values 
recorded under all salinity levels and 0 organic rate were higher than those of Spunta variety. 
Generally, interaction between salinity levels and organic rates reflected different trends of Ndff. 
For example, under 0 organic treatment the Ndff values were increased with increasing salinity 
levels while it tended to decrease with addition of organic matter. Probably, the plants had 
consumed the released N from the added organic matter which contains 1.2% of total nitrogen. 
However, the decreasing rate of Ndff in 2.6kg/m2 organic matter was slightly higher than that of 
5.2kg/m2 organic addition rate. This holds true for both Spunta and Nicola varieties.  

In conclusion, the Ndff was negatively affected by salinity levels and organic matter rates 
as compared to fresh water treatment and 0 organic matter rate, respectively.  

 

Fertilizer use efficiency (%FUE)  
 

Data of N-recovery by tubers of potato varieties were graphically illustrated by Fig (2). It is 
obvious that organic matter and water salinity levels significantly affected the efficient use of 
fertilizer-N.  

The FUE% of Spunta tubers showed an increase with increasing water salinity level and 
addition of 5.2kg/m2 organic matter while a reversible trend was noticed with 2.6kg/m2organic 



matter additives. Generally, the most efficient use of chemical fertilizer was recorded with Spunta 
tubers. 

Nicola variety, in general reflected higher FUE% rather than Spunta variety especially under 
fresh water, 3dS/m salinity level and 0 or 2.6 kg/m2 of organic matter. Comparison between the 
tow potato varieties indicated similar ascending order like that mentioned above for Spunta 
variety. Generally, the FUE% followed the same trend as noticed with the portion of N derived 
from fertilizer. Sometimes, fluctuation in data of FUE% was noticeable. 

 
 
 

Fig (1) Effect of water salinity levels and organic addition rate on nitrogen 
derived from fertilizer and utilized by tubers of potato varieties 
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In this respect, Laerke et al., [20] stated that 15N recovery was affected by N fertilization 

strategies, i.e. splitting and foliar application. Recoveries of 66%-70% of the15N in the potato 
tubers were given in the split application strategies. Our data of FUE% was sometimes higher 
than those reported above, but generally are in accordance with those reported by Roberts et al., 
[21]; Maidl et al. [22].   
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Fig (2) Effect of water salinity and organic addition rate on efficient use of fertilizer by tuber of 

potato varieties   
Starch content in tubers (g/100g FW) 
 

Increasing water salinity level up to 3 and 6 dS/m induced relative decrease in Spunta starch 
under 0 organic matter by about 11.5 and 14.1%, respectively (Table 3). Addition of 2.6kg/m2 
organic matter had decreased the tuber starch, except the treatment of 5.2kg/m2 organic matter 
under 6dS/m level where the starch was vigorously increased. Starch in Nicola tuber under no-
organic amendment, was decreased with increasing salinity level up to 3dS/m, and then increased 
with increasing salinity to 6dS/m. Similar trend was noticed with 5.2kg/m2 organic matter level. 
Gradual increase of tuber starch with increasing salinity levels was noticed with addition of 
2.6kg/m2 organic matter. In general, Spunta variety showed some superiority in tuber starch over 
those of Nicola variety tuber. 

 
Table (3) Effect of water salinity and organic matter levels on starch (g/100g FW) of potato 
varieties. 

 
Water salinity level (dS/m) Organic Matter 

Level (kg/m2) F.W 3 6 
Spunta 

0 17.6 14.9 14.3 
2.6 15.4 15.4 13.9 
5.2 14.7 13.6 16.0 

Nicola 
0 13.8 11.3 14.9 

2.6 10.7 12.8 14.6 
5.2 15.4 12.6 14.9 

 



Our results of starch are in agreement with those obtained by Silva et al. (2001)[23]. Starch 
level in two potatoes (S.tuberosum and S.curtilobum) was constant with salinity levels (0, 25, 50, 
75 and 100mmoll-1 NaCl). The starch levels in both varieties of potatoes (S.tuberosum and 
S.curtilobum) remained constant under all salt levels. Also, organic solutes such as soluble 
carbohydrates have been suggested to play an important role as osmoprotectants counteracting the 
toxic effects of Na+ and Cl- in the shoots under salt stress [24]. 
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