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ABSTRACT 

A lysimeter study was conducted to investigate the effect of irrigation with 
saline water on soil chemical characteristics at two depth (0-20) and (20-40cm). 
Both fertilized (60, 120 KgN/ha) and unfertilized (0) soil were simulated in a 
total of  84 lysimeter. Data indicated that the electric conductivity (EC) values 
tended to increase with time intervals also EC-values as affected by soil depth 
after 105 days were high in 20 cm depth as compared to 40 cm depth. Chloride 
concentration did not reflect great variations as affected by time of nitrogen 
application where the values were nearly closed to each other. At the end of the 
experiment, much of Cl- content was occurred in the second layer of soil depth 
(20-40) as compared to depth of   0-20 cm. This was the case under all salinity 
levels. The irrigation with fresh water did not reflect any significant different in 
EC values between 120 KgN/ha , 60 KgN/ha or soil depth, however, it tend to 
increase with increasing water salinity levels. There were no much differences 
between the nitrogen application time (T1, T2 and T3). In contrast with Cl-, 
sodium was remained in the upper layer of 0-20 cm soil depth but still increase 
with increasing water salinity levels. 
Keywords, Saline irrigation, electrical conductivity (EC), Maize, Chloride 

concentration. 
 

INTRODUCTION 

Due to the absence of substantial rainfall and the limited rainfall along 
the Mediterranean region (arid zone conditions), Egypt's agriculture depends 
entirely on surface irrigation with waters from the river Nile (99.8 percent of the 
cultivated area) to produce food and fiber for its large mass of population.   

In  many countries  and  regions, fresh  water  is relatively scarce, but 
there are considerable resources of saline water, which could be utilized for 
irrigation if proper crops, soil and water management practices were 
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established(1;2;3).. However, the use of saline water in irrigation prompts, in short 
term, salinization of soil, over time, and the salinization of the groundwater 
aquifer. The salt levels due to saline irrigation can affect physical and chemical 
properties of soil(4) by reducing the infiltration rate of water (5;6;7) and affecting 
the structural soil stability(5). 

Soil salinization is the accumulation of free salts in the soil to such an 
extent that it leads to degradation of soils and vegetation. The increase in 
amounts of saline soils is due mainly to irrigation with salty water and a 
disregard for the principles of soil drainage. Other contributors to the problem 
are intrusion of saline water(8) and evapotranspiration of saline soil moisture(9).  
Salinization leads to a partial or total loss of the productive capacity of a soil, 
because of degradation of its chemical and physical properties. Once the level of 
salinity is high, it is difficult and costly to remediate. There are three significant 
impacts on soil and plants when salt water is used for irrigation. The first impact 
is that soil particles are dispersed and for this, aggregation is destroyed. A 
second one is that the ability of the plants to uptake water is reduced by osmotic 
potential. The third impact is that the ionic balance of the soil solution is 
impacted, reducing nutrient absorption (10;11). 

The dispersion of the soil is caused by the Na+ ion of sodium chloride. 
As there are a large number of Na+ ions available, the Na+ ions are able to be 
exchanged in a sufficient number with the Ca2+ and Mg2+ ions. The normal soil 
aggregate stability is weakened because of the fact that the Na+ ion with its 
hydration shell is a large in volume. When more than 15% of the cation 
exchange capacity sites on clay surfaces are occupied by sodium  ions  and  
when  the  total  EC  in  the  soil solution  is  low,  dispersion  will  take  place.  
The potential dispersion of a soil can be determined by the exchangeable 
sodium percentage (ESP). Soil dispersion results in loss of soil structure and 
pore structure, reduced air and water movement, reduced bioactivity and 
nutrient transfer, and, finally, increased water runoff and erosion of soil. The 
fluctuation in osmotic potential makes the roots  work  harder  to  take  in  water  
as  the  salt (NaCl)  concentration  in  the  water  solution  increases,  and  for  
this,  the  decreased  amount  of water intake by a plant will directly affect plant 
growth. Depending on the chloride concentration of the irrigation water and the 
sensitivity of the plant species to the Cl− ion, direct chloride toxicity can be 
occurred at high levels of Cl− ions. The Cl− ion in the soil water solution is 
usually flushed below the root zone by the first year of rainfall. The Cl− ion, due 
to its negative charge, moves rapidly out of the root zone through the negatively 
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charged soil aggregates. Chloride concentration does not have a direct impact 
on soil structure except for being one of the ions which increases the osmotic 
potential in the soil solution (12). 

The aim of the present work is to estimate the changes caused by 
repeated saline irrigation on some chemical soil properties with the time and at 
the end of growing season (EC; Cl-; Na+) 

MATERIALS AND METHODS 

Sweet Maize (Zea mays L.) was grown on a clay soil under a plastic 
green house at Agricultural Department for Soil and Water Research, Nuclear 
Research Centre, Atomic Energy Authority, Egypt. The tested soil was crushed 
and sieved through 5mm sieve. Some physical and chemical characteristics of 
the soil under investigation are given in Table (1). The set-up consists of 84 
lysimeters. PVC lysimeter with volume 0.1 m3 (diameter 0.54 m and depth 0.45 
m) was used. The bottom of the lysimeter is provided with holes to drain the 
water. A 5 cm thick layer of coarse gravel was placed at the bottom of the 
lysimeter to maintain proper drainage.  Three levels of saline irrigation water 
(ECi of fresh water (F.W), 3 and 6 ds/m). The saline water was prepared by 
mixing fresh water (0.9505 dS/m) with sea water (44.14 dS/m) at such ratios 
that the desired levels of EC were reached. Two nitrogen fertilizer rates ( 60, 
and 120 kg/ha) of the recommend rate as ammonium sulphate (NH4)2SO4 
labeled with (15NH4)2SO4  (10 % a.ex.) were thoroughly mixed and dissolved in 
constant water volume 5  liter and used as stock solution for fertilization  and 
this stock solution applied with three treatment :- 

Nitrogen fertilizer was applied through the irrigations practice covering 
plant cycle (T1),  Nitrogen fertilizer was splitted into three equal doses, one-
third was applied after thinning, at vegetative and before flowering period (T2), 
Nitrogen fertilizer was splitted into four doses, (20%) was applied after 
thinning, (40%) at vegetative, (20%) at  tussling stage and (20%) at the milking 
stage (T3) and all treatments were replicate four time. Unfertilized treatment (0 
Nitrogen with three saline irrigation water levels ) as control was also included. 
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Table (1): Physical and chemical characteristics of the soil under  investigation   
Clay (%) 45 
Silt (%) 15 
Sand (%) 
Coarse 
Fine 

 
16.5 
23.5 

Bulk density (g/cm3) 1.07 
Moisture content by volume (%) 
F.C 
W.P 
A.W 

 
36.6 
24.6 
12 

Organic Matter (%) 1.02 

Ec (ds/m) 0.63 
pH 7.8 
Soluble anions  (meq/l) 
CO-

3 
HCO-

3 
Cl- 
SO4

-- 

 

--- 
2.0 
3.6 
1.3 

Soluble cations (meq/l) 
Ca++ 
Mg++ 
Na+ 
K+ 

 
3.5 
2.5 
0.7 
0.12 

To investigate  the salt accumulation, Each lysimeter was placed inside 
a plastic container to collect the drainage water. Two porous cups were located 
at different depths (20 and 40 cm) for sampling soil water by suction, Fig. (1). 
Fertilization with K and P took place before sowing. P was applied at a rate of 
200 kg P2O5 /ha, and K at rate of 150 kg K2O /ha.  

The field capacity weight of each pot was determined before the 
experiment started. To do this, soil in pots were saturated with tap water and 
then, soil surface were covered to prevent evaporation. After the drainage 
ceased, the weight of the each pot was assumed as the field capacity weight 
(WFC) of that pot. The amounts of irrigation water (IW) that should be applied 
were calculated as following:- 

Three pots from each treatment were weighed before every irrigation 
and the required quantity of water was calculated from the difference between 
“pot capacity” (analogous to field capacity) and the actual weight minus plant 
weight, plus about 30% leaching fraction.. The irrigation cycle was adjusted 
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according to the depletion of 50% available water from the pot soil. Throughout 
the experiment, the plants were irrigated at 4- to 7-day intervals. Then all data 
collected were subjected to analysis of variance (ANOVA) using MSTAT-C 
software. Mean Comparison was performed using Duncan's multiple range 
tests. 

 

Figure (1): Porous cups at different depths (20 and 40 cm) for sampling soil                     
water by suction 

RESUL AND DISCUSION 

Evolution of electrical conductivity of the soil solution (ECs) as affected by 
saline irrigation and nitrogen fertilization practices. 

Values of EC as affected by irrigation of different water salinity levels, 
fertilization practices (rates and distribution frequencies) during the growth 
period (from sowing up to maturity stage) are illustrated by Figure (2). Data 
indicated that increasing water salinity levels induced highly significant increase 
in ECs of extracted soil solution at any tested soil depth. As expected, ECs 
values tended to increase with time intervals. The overall mean of ECs values as 
affected by soil depth after 105 days indicated that EC were higher at 20 cm 
depth as compared to 40 cm depth. In addition, the electrical conductivity of the 
soil solution in the topsoil (0-20 cm) was 1.3, 2.38 and 3.29 times higher than 
ECi (electrical conductivity of the water used for irrigation) of fresh, 3 and 6 
dS/m respectively. Whereas, in 20-40 cm soil depth, it was 2.25, 2.44 and 3.7 
times higher than ECi of  fresh, 3 and 6 dS/m respectively.  Also, rates and 
distribution frequencies of nitrogen application induced slight increase in EC 
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values comparable to those of no nitrogen added.  

Regarding the distribution frequencies, high EC-values were recorded 
with T1 (6 ds/m) and T2 (6 ds/m). The EC values in extracted soil solution with 
the 60 kg N treatment /ha were higher than those recorded with 120 kg N/ha 
when the rate of nitrogen fertilizer is considered.  

It is worthy to state that in the 1st   period (up to 40 days) of planting, the 
soils were slightly affected by water salinity levels and fertilization practices , 
this holds true within 0-20 cm depth  then it tend to increase with time intervals. 
Similar trends were observed at 20-40 cm depth but after 52 days after planting. 
This could be explained as a results of crop removes much of the water applied 
by irrigation from the soil to meet its evapotranspiration demand, but leaves 
most of the salts behind to concentrate in the soil solution (13).  

Our results are in agreement with those reported by Blanco et al. (14) 
where they found that the electrical conductivity of the soil solution (ECs) 
increased linearly with ECi and reached 7.5 dS/m for the treatment irrigated 
with ECi of 4.5 dS/m, which was 2.76 times higher than ECi up to ECi of 1.7 
dS/m, 
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Figure (2):  effect of salinity and nitrogen fertilization practices on electrical 

conductivity (dS/m) of extracted soil solution detected at two soil depth. 



                Mostafa  A. Z. et al., J. Rad. Res. Appl. Sci., Vol. 5, No. 2(2012) 680 

Chloride concentration (meq/l)  

As shown in Figure (3), the Chloride concentration in extracted soil 
solution under 120 kgN/ha (20 cm depth) was increased with time intervals with 
exception of fresh water treatment. These values were significantly increased 
with increasing water salinity levels. The highest value was recorded with 6 
dS/m level after 105 days. Similar trend, but to a higher extent, was noticed in 
40 cm soil depth. This indicated that Cl- tend to accumulate in the second depth 
(20-40) as compared with the upper layer, especially at the last period.  

Also, we can conclude that accumulation of Cl- was higher in case of 
120 kg N/ha than 60 kg N/ha, as the time intervals was considered. Higher 
accumulation of Cl- was recorded with the high salinity level (6 dS/m) of 
irrigation water under 120 kg N/ha when the nitrogen fertilization rate is 
consider.  

Chloride concentration did not reflect great variations as affected by 
timing of application of nitrogen where the values were nearly closed to each 
other. 
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Figure (3):  effect of salinity and nitrogen fertilization practices on Cl-

concentration (meq/l) of extracted soil solution detected at two soil depth. 
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Measurements in the soil after harvest 

Electrical conductivity (dS/m) 

Table (2) shows the evolution of EC (dS/m) with soil depth. Values of 
EC were increased with increasing water salinity levels. Also, EC values were 
higher in depth of 20-40 cm than those recorded in the upper layer (0-20), 
indicating the accumulation of salts and downward of solutes to the deep layers 
of root zone. The highest value was noticed at 6 dS/m salinity level in the layer 
of 20-40 cm depth, while the lowest one was recorded in case of fresh water 
treatment (FW). In this respect, the irrigation with fresh water did not reflect 
any significant differences in EC values between 120 kg N/ha, 60 kg N/ha or 
soil depth. There were no much differences between the nitrogen application 
time (TI, T2 and T3). 

Table (2): Electrical conductivity in soil as affected by nitrogen fertilization 
management and irrigation water salinity levels. 

Control (0N) 

Water salinity levels (dS/m) Depth 

F.W 3 6 Mean 

0 -20 cm 0.97 4.91 11.43 5.77 

20 -40 cm 1.04 4.87 9.18 5.03 

Mean 1.01 4.89 10.30 5.40 
 

60 kg N/ha 120 kg N/ha 

Water salinity levels (dS/m) 

T
re

at
m

en
ts

 

F.W 3 6 Mean F.W 3 6 Mean 

0 - 20 cm 

T1 1.08 l 5.05def 9.48a 5.20 1.84hijkl 4.70defg 8.86a 5.13 

T2 1.11 l 3.57fghijk 9.60a 4.76 0.84l 3.61fghij 9.16a 4.53 

T3 0.88 l 4.53defg 8.44abc 4.62 4.26defg 3.56fghi 9.13a 5.65 

Mean 1.02 4.38 9.17 4.86 2.31 3.95 9.05 5.10 

20 - 40 cm 

T1 1.08 l 4.40defg 8.97a 4.82 4.09efgh 6.48bcd 9.38a 6.65 

T2 1.31jkl 5.18def 9.29a 5.26 1.77ijkl 5.65def 9.87a 5.76 

T3 1.27kl 5.65def 8.26abc 5.06 2.52ghijkl 6.16cdf 8.77ab 5.82 

Mean 1.22 5.08 8.84 5.04 2.79 6.10 9.34 6.08 
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Means followed by the same letter in each column and rows are not significantly different at 
5% level of probability by Duncan multiple range test. LSD (p≤0.05) =2.246  

Concentration of chloride (Cl-) 

High concentration of chloride was determined in soil solution collected 
from the different treatments indicating the significant effects of irrigation water 
salinity levels on accumulation of chloride ions Table (3). It was clear that, from 
the data the content of chloride in soil solution was significantly affected by 
gradual increase in water salinity level and N additions.  

Much of Cl- content was occurred in the second layer of soil depth (20-
40) as compared to depth of 0-20 cm. This was the case under all salinity levels. 
These findings holds true under nitrogen doses and all applications strategies, 
but the over all mean showed that the values of  Cl- concentration were, to some 
extent, higher in case of 120 kg N than 60 kg N treatment. 

Table (3): Effect of water salinity and nitrogen fertilization management on Cl-

concentration (meq/l) of extracted soil solution detected at two soil 
depth 

Control(0N) 

Water salinity levels (dS/m) Depth 

F.W 3 6 Mean 

0 - 20 cm 4.00 45.00 115.00 54.67 

20 - 40 cm 4.60 46.25 92.50 47.78 

Mean 4.30 45.63 103.75 51.23 
 

60 kg N/ha 120 kg N/ha 
Water salinity levels (dS/m) T

re
at

m
en

ts
 

F.W 3 6 Mean F.W 3 6 Mean 
0 - 20 cm 

T1 3.60m 50.00ij 68.50ef 40.70 7.20m 41.50jk 75.00de 41.23 

T2 3.90m 34.90kl 93.00ab 43.93 6.70m 30.50l 68.00efg 35.07 

T3 2.80m 42.00jk 78.00cd 40.93 7.30m 29.50l 84.00bcd 40.27 

Mean 3.43 42.30 79.83 41.86 7.07 33.83 75.67 38.86 
20 - 40 cm 

T1 4.00m 54.50hi 90.50ab 49.67 6.20m 62.00fgh 98.50a 55.57 

T2 5.00m 53.50hi 92.00ab 50.17 6.30m 53.00hi 89.50ab 49.60 

T3 5.00m 55.50hi 79.00cd 46.50 7.10m 59.00ghi 84.50bc 50.20 
Mean 4.67 54.50 87.17 48.78 6.53 58.00 90.83 51.79 

Means followed by the same letter in each column and rows are not significantly different at 
5% level of probability by Duncan multiple range test. LSD (p≤0.05) =9.201 
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In conclusion, both nitrogen treatments and salinity levels of irrigation 
water significantly affected Cl- concentration in extracted soil solution. In the 
same time, more Cl- content was accumulated in the lower depth of maize root 
zone (20-40). Generally, the chloride concentration for the investigated soil at 
different soil depths followed a trend more or less identical to the one 
characterizing the changes in the accumulated soil salts. Chloride being the only 
element that dos not under go any chemical reactions or precipitation under 
saline irrigation practices its concentration can be taken as a good indication to 
the soil accumulated salt. 

Sodium concentration 

Increasing the salinity level of irrigation water resulted in increase of 
Na+ concentration in soil solution as affected by nitrogen fertilization and 
applications strategies Table (4). In contrast with Cl-, sodium was remained in 
the upper layer of 0-20 cm soil depth, concentration did not reflect great 
variations as affected by timing of application of nitrogen where the values were 
nearly closed to each other. But it is clear that the sodium concentrations were 
increase with increasing water salinity levels this hold true with the tow depth 
and the highest accumulation of Na+ was detected with high saline water 
treatments (6 dS/m).  

Table (4): Effect of water salinity and nitrogen fertilization management on Na+        
(meq/l)  of extracted soil solution detected at two soil depth 

Control(0N) 

Water salinity levels (dS/m) Depth 

F.W 3 6 Mean 
0 - 20 cm 3.25 27.50 41.25 24.00 
20 - 40 cm 2.38 17.50 22.50 14.13 

Mean 2.81 22.50 31.88 19.06 
 

60 kg N/ha 120 kg N/ha 

Water salinity levels (dS/m) 

T
re

at
m

en
ts

 

F.W 3 6 Mean F.W 3 6 Mean 
0 - 20 cm 

T1 3.25k 23.25e 37.50cd 21.33 8.75ij 25.00e 49.00b 27.58 
T2 3.50k 22.50ef 40.00c 22.00 5.50jk 23.25e 39.63c 22.79 
T3 3.38k 22.50ef 45.00b 23.63 5.25jk 23.75e 56.50a 28.50 

Mean 3.38 22.75 40.83 22.32 6.50 24.00 48.38 26.29 

20 - 40 cm 

T1 2.25k 16.25hi 37.50cd 18.67 6.00jk 16.00gh 32.75d 18.25 
T2 2.63k 17.50g 35.00cd 18.38 3.00k 15.00gh 32.50d 16.83 
T3 2.63k 15.00gh 34.25d 17.29 3.75jk 17.50fg 33.75d 18.33 

Mean 2.50 16.25 35.58 18.11 4.25 16.17 33.00 17.81 

Means followed by the same letter in each column and rows are not significantly different 
at 5% level of probability by Duncan multiple range test. LSD (p≤0.05) =4.901  
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In this regard, our results are in agreement with those reported by   Aly 
(15) and  Salama(16), where they found that  Much of Cl- content was also 
occurred in the second layer of soil depth (20-40) as compared to depth of 0-20 
cm. and In contrast with Cl-, sodium was remained in the upper layer of 0-20 cm 
soil depth. 

It is important to indicate that, soil salinity is one of the most important 
problems affecting Egyptian soils. It is caused by: (1) a rising water table, or (2) 
the misuse of the irrigation water (17). In our case the continuous irrigation with 
saline water till the end of the experiment, apart of soluble sodium disappeared 
and presented in the exchangeable form. The exchangeable Na as percentage of 
cation exchange capacity (CEC) should be carefully evaluated and should be 
kept at value 15% lower than the CEC, to avoid the alkalinity problems 
dominant under saline irrigation practices in clayey soil.  

DISCUSSION 

The results of the soil analysis for EC, soluble Na+ and Cl- (Tables 2, 3 
and 4 ) under different water salinity levels showed highest EC, maximum 
soluble Na+  and more Cl-  contents in the soil under high saline water 
treatments (6 dS/m), where crop was irrigated with saline water in all the 
growing phases except fresh water treatment. The results of the experiment 
agree with the findings of Patil et al. (18) that increasing the number of saline 
water irrigations increased EC (salt build up), Na+, Cl- and SAR of soil. Yuncai 
and Schmidhalter (19) reported that nutrient disturbances under both drought and 
salinity reduce plant growth by affecting the availability, transport, and 
partitioning of nutrients ultimately causing nutrient deficiencies or imbalances, 
due to the competition of Na+ and Cl- with nutrients, such as K+ and Ca2+. Bajwa 
et al. (20) reported that irrespective of the irrigation intervals, sustained use of 
sodic and saline-sodic waters increased pH, electrical conductivity, and 
exchangeable sodium percentage of the soil and significantly decreased maize 
yield. The overall results showed that irrigation scheduling consisting frequent 
application of saline water had adverse impact on plant and soil parameters. 
Sheng and Xiuling (21) observed that salt accumulated in the soil should not 
exceed the crops salt tolerance limits; salt added to the soil by irrigation with 
saline water should be leached by rain or irrigation water so that the long term 
balance of soil salinity is maintained. Balba (22) also noted that high sodium 
concentrations in soil solutions may induce Ca2+ and K+. Further, Bernstein et 
al. (23); Lazof and Bernstein (24) reported that under saline conditions, Na+ in the 
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growth medium might interact with other cations, such as K+, resulting in the 
low absorption of the latter ions by the roots. Further more Luo et al. (25) 
described that deleterious effects of salinity on plant growth is attributed to the 
specific ion toxicity and nutrient ion deficiency by disrupting potassium 
nutrition. Salt-sensitive crops do not perform well when salinity is above a 
certain limit (26,27). Thus, the increased soil salinity will result in problems for 
future germination and seedling growth when the plants are more susceptible to 
salinity. If the leaching of excessive salt from root zone is possible, particularly 
at early stages of growth, this should increase yield. Supplementary irrigation 
can therefore be applied at the last stages of maize growth (when water 
resources are restricted), provided that fresh water, low saline water or 
precipitation can be applied to control the soil salinity at the early stages of 
growth of the next crop. Further experiments with different mixing rates of 
Mediterranean Sea water and well water and the calculation of a suitable 
Leaching Ratio (LR) to stabilize soil salinity are in progress. The option of 
establishing a drainage system to remove excess salts from the profile either by 
rain or by adding the calculated LR to volume of irrigation water is under 
investigation. 

CONCLUSION 

Soil salinization is the accumulation of free salts in the soil to such an 
extent that it leads to degradation of soils and vegetation. in our experiment the 
irrigation with saline water lead to increase of  EC values of the soil under 
investigation. The overall mean of EC values as affected by soil depth after 105 
days indicated that EC were high in 20cm depth as compared to 40cm depth. 
The content of chloride in soil solution was significantly affected by gradual 
increase in water salinity level, N additions. It was increased with increasing 
salinity levels of irrigation water. Much of Cl- content was occurred in the 
second layer of soil depth (20-40) as compared to depth of 0-20 cm. This was 
the case under all salinity levels. In contrast with Cl-, sodium was remained in 
the upper layer of 0-20 cm soil depth. 
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  اإلشعاعیةاإلشعاعیةبحوث بحوث مجلة المجلة ال
      لوم التطبیقیةلوم التطبیقیةوالعوالع

  )٢٠١٢(            –         ص ص      عدد    مجلد
 

   بالرى بالمیاه  المالحةتأثرارصد الخصائص الكیمیائیة للتربة مع الوقت 
   سعید محمد  لصفى ـ یحیى جالل محمد جالل ـمصطفى عبد العزیز زھران

 
  
تم إقامة تجربة لیزمترات بھدف دراسة تأثیر الري بالمیاه المالحة على الخصائص الكیمیائیة للتربة تحت 

 كجم نیتروجین ١٢٠ و ٦٠(تم محاكاة كال من التربة المسمدة ). ٤٠- ٢٠ (و) ٢٠-(.الدراسة على عمقین 
 كانت في زیادة بزیادة الوقت ECأظھرت النتائج أن قیم  .  لیزمتر٨٤في )  ٠(والغیر مسمدة ) للھكتار

أیضا فان تركیز الكلور .   سم ٤٠سم عند مقارنتھا بعمق ٢٠ یوم كانت أعلى عند عمق ١٠٥وفى نھایة 
. اختالفا كثیرا تأثرا بتوقیتات إضافة النیتروجین حیث إن القیم كانت قریبة من بعضھا البعضلم یعكس 

عند ) سم٤٠- ٢٠(وفى نھایة التجربة فان الكثیر من تركیزات الكلور كانت ملحوظة فى الطبقة الثانیة 
الري بالمیاه العذبة عند . وتم مالحظة ذلك مع جمیع مستویات الملوحة) سم٢٠-(.مقارنھا مع الطبقة العلیا 

على .  كجم نیتروجین للھكتار ١٢٠ و٦٠  بین  كال منECفانھ لم یعكس اى تغیرات معنویة فى قیم ال 
والكن ) سم٢٠- (.األعلىالعكس مع نتائج تركیزات الكلور فان تركیزات الصودیوم ظل في الطبقة 

  .استمر في تزاید بزیادة مستویات المیاه المالحة

  


