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ABSTRACT 

 Seawater flooding in the region of Lezha in western part of Albania caused different 

changes in the chemical composition of the soils. In order to detect the possible remaining 

consequences, chemical and physical analysis of the soils, were performed in six different 

permanent sites, from immediately after flooding to six months after it. Immediately after 

flooding, an increase of the Na+ and Cl- concentrations in the soil and a decrease of the other 

ions (Ca++, K+ and SO4
--), was registered. In the other sampling periods a decrease of the Na+ 

and Cl- concentration was detected showing some differences between the soils analyzed. In 

the soils where the sand content was high, after six months we could notice a total recovery 

of the Na+ and Cl- concentrations, whereas in the soils with lower sand content the leaching 

of both ions was lower and the data, also after six months, were still higher than before 

flooding. The influence of leaching in the ion composition of the soils is confirmed by the 

analysis of the percolated water in all soils. It was not possible to detect changes in pH, while 

the changes in organic matter content were very low.  

 

KEYWORDS: Flooding, Soil, Salinization, Leaching, Organic Matter 

 

INTRODUCTION 

Salinity is one of the most severe environmental factors limiting the productivity of 

agricultural crops (Pitman and Läuchli 2002). On a world scale is estimated that about 15% 

of the total land area of the world has been degraded (Wild, 2003), from this surface, about 

one billion of hectare, or about 7% of land’s surface, is affected by salinity. (Ghassemi et al. 

1995). According to El-Swaify (2000) soil salinization may be either; naturally present as 

products of geo-chemical weathering of rocks and parent materials; derived directly from sea 

water by flooding, spray, or intrusion into groundwater resources, or caused by irrigation 

mismanagement, particularly when internal soil drainage is impeded.  
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For the coastal regions the most important source of salinity is the influence of sea water 

either through flooding or through intrusion of groundwater.  

Salinity inhibits plant growth by an osmotic effect, which reduces the ability of the plant to 

take up water and by ion excess, which affects the plant cells growth and development 

(Mengel, Kirkby 2001). Soil salinity also induces nutritional imbalances in plants reducing 

even more their production capacity. The presence of salt in soils can also impacts negatively 

the microbial community, with consequences in organic matter decomposition and nutrient 

availability (Wichern et al., 2006; Wong et al., 2008). Flooding of agricultural soils, also for 

relatively short periods of time, can cause leaching of mineral nutrients from the topsoil, as 

well as degradation of soil structure (Ponnamperuma 1972, 1984) 

 Last year in some coastal areas of Lezha district, flooding of the sea water was 

registered as a consequence of a high tide phenomenon. As a result almost 2000 ha were 

covered for 10 days from sea water. Almost 800 ha from this surface were agriculture land. 

The flooding caused different damages to the arable plants, and raised the concern of the 

farmers about the remaining consequences on the soil fertility after water withdrawal. 

Previous studies have verified that the severeness of this influence depends on three main 

factors: flooding duration and characteristics water and of flooded soils (de Leeuw et al 1991, 

Kozlowski 1997, Willis and Hester 2004, Rachmann et al. 2008). 

Flooding from sea water that happened in the region of Lezha in Albania should not be 

considered a limited phenomenon. The expected effects of climate change should increase the 

risk of sea flooding in the coastal plain areas (European Environment Agency Report 2004; 

Alcamo et al. 2007), and Albania is considered to be one of the most affected countries from 

the extreme effects of climate change (World Bank 2009).  

In order to know more about the possible damages of the agricultural land in from those 

phenomena in the present case, and to have a better understanding on possible future harmfull 

events we undertook this study. 

 

Material and methods 

The study comprised all the agricultural flooded lands of the villages Tale and Ishull Shëngjin 

in district of Lezha. Samples of peculated waters as well as soil samples were taken 

immediately after the flooding (5 January 2011) one month after the water was removed (4 

February 2011) and six months after water removal (4 July 2011). Water samples were taken 

in 90 cm depth using the lysimeter technique. The last sampling date was decided due to the 
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fact that after this period in the region, a dry period is normally experienced, that would not 

influence the amount of ions in the soil. These samples are taken at the same points (places) 

where other samples were taken almost one year before the flooding. The sampling depth of 

the soil was in two layers 0-30 and 30-60 cm. The soil samples were first dried for 24 hours 

and then analyzed for their content in the following cations Ca++, K+ and Na+ and anions Cl- 

and SO4
--. Electrical conductivity, pH and organic matter in the soil were also analyzed. The 

analyses were performed in Center of Agriculture Technology Transfer laboratory in Fushë-

Krujë, Albania.  

For the water analyses, the following methods have been used: the electric conductivity was 

measured according to international standard EN 27888-1993; carbonates and bicarbonates 

were measured through titration with H2SO4 respectively according to S SH 2639/22 and 

2639/23 standards. The Ca++ analyses are performed as described by ISO 6059-1997 

instructions while potassium analyses are performed by flame –photometer methodic 

according to ISO 9964-2000.  

Using the same sampling points we could get a clear picture of the changes in the ions 

concentration in the soil and compare it with the situation before, right after the flooding 

happens and how it changes one and six months after.  

To help the better understanding of the possible differences between the different areas where 

the flooding happened, we analyzed also the physical characteristics of these soils. The 

samples were taken in two depth layers (0-30 cm and 30-60 cm) and these samples were 

analyzed for sand, loam and clay content based on pipette method according to Gee and Or 

(2002). Also the physical analyses of soil were realized in the Center of Agriculture 

Technology Transfer in Fushe-Kruje. 

 

Results  

The analysis of the texture of the soils taken under consideration showed differences in clay 

content. As it can be noticed from the data presented on table 1, soil number 2 and soil 

number 5 present a higher amount of clay than the other soils. Also the silt content differs 

among the seven soils; soil number 2 and 5 have present a higher amount of silt than the other 

soils, According the triangle diagram (Hodgson 1974) these soils, present a texture type of 

Sandy clay loam, and loam, respectively, while the other 5 soils present a texture type of 

sandy loam or loamy sand (Table 1).  
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Table 1. Texture of the seven soils studied 

Sampling 
locations 

Sand % Silt % Clay % Texture type 

1 80 12 18 Sandy loam 
2 57.1 16.8 26.1 Sandy clay loam 
3 82 10.8 7.2 Loamy sand 
4 84.8 7.2 8 Loamy sand 
5 41 39.4 19.6 Loam  
6 86.8 7.2 6 Loamy sand 
7 80.4 12.2 7.4 Loamy sand 

An important influence on the concentration and amount of the different ions in the soil, as 

well as in the percolating water must have had also the amount of water income into the soil 

during the investigation period. For this purpose we measured the amount of rainfall in the 

region from January to end of June. If we have a look on these data (Table 2), we can notice 

that during January (exactly from 5. January to 5 February) the rainfall amounted to 200 mm 

and form 5. February to 5 July the total amount of rainfall amounted to almost 741 mm.  

Table 2. Amount of rainfall in the Lezha region (mm) 

Time 
5. January- 
5. February 

6. February – 
5. March 

6. March 
– 5 April 

6. April – 
5. May 

6. May – 
5 June 

6. June – 
5. July 

TOTAL 
rainfall  
(mm) 

200 276.2 96.2 241.2 76 51.3 

The results of the influence of seawater flooding on the chemical properties of the different 

soils are presented in Fig. 1. As we can notice from the graphs, there is practically no 

influence of flooding in pH values of the soil (Fig 1 a)..  

There is a clear increase of the ions content immediately after flooding which is reflected also 

in the measurements of electrical conductivity almost in all the soils (with the exception of 

soil Nr. 6). The values of electrical conductivity are much higher immediately after flooding 

than in the previous measurements in all the soils, these values decrease in the later 

measurements (Fig 1 b). If we compare the two depth layers we can notice that immediately 

after flooding, in the upper layer (0-30 cm) the increase of the values of electrical 

conductivity is much higher than in the lower soil layer (30-60 cm). In the later sampling 

dates, in all the soils we could register a decrease of the electrical conductivity in both depth 

layers, reaching practically the values registered before flooding.  

Considering the amount of the organic matter, we can notice that the upper layer of the soils 

where the organic matter content was lower than 0.8% (soils Nr. 1; 3 both depth) and in the 

lower layers of all soils. In the upper layer of the other soils we could register a decrease of 

the amount of the organic matter (Fig 1 c), although this was quite small.  
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Fig. 1. Results of the soil analysis in the four sampling dates and two soil depths. (a) pH 

Values; (b) Electrical conductivity; (c) Organic matter; (d) Na+ concentration; (e) Cl- 

concentration; (f) Ca++ concentration; (g) K + concentration; (h) SO4
 -- concentration.  
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Fig. 2. Results of the percolated water in the four sampling. (a) pH Values; (b) Electrical 

conductivity; (c) Na+ concentration; (d) Cl- concentration; (e) Ca++ concentration; (f) K + 

concentration; (g) SO4
 -- concentration.  
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The data of the ion concentration variation in the soil during the different sampling dates, 

show a different trend for Na+ and Cl- compared with Ca++, K+, and SO4
--.  

As expected, immediately after flooding the concentration of Na+ and Cl- increased sharply in 

all the soils and in both soil depths (Fig 1 d and e). In the later samplings dates the data show 

a decrease of the concentration of Na+ and Cl-, but here we could notice some differences 

between the depths. In the upper layer the decrease of the concentration of both ions is 

sharper than in the layer 30-60 cm. Comparing the different soils with each other we could 

see that in soil Nr. 2 and Soil Nr. 5 the reduction of the values of Na+ and Cl- ions is slower 

than in the other soils, although we must admit that these differences are not very high.  

Comparing the concentration of Na+ and Cl- in the lower layer obtained immediately- und 

one month after flooding, it can be noticed a increase of these values, that should be due to 

leaching of both ions from the upper layer (0-30 cm).  

On the other hand the concentration of Ca++, K+, and SO4
-- decreased in all the soils after 

flooding compared with the concentrations registered before it (Fig 1 f, g, and h). The 

reduction rate is higher immediately after flooding, compared with the data registered in both 

later sampling dates. In soils Nr. 2 and Nr. 5 the reduction of all the ions values in the 

sampling date “immediately after flooding” is lower if compared with the other soils.  

In Figure 2 are presented the results of the percolated water analysis in the different sampling 

periods (before flooding, immediately after flooding, one month after flooding and six 

months after flooding). As we can see from the graphs, there are almost no changes in the pH 

values between the different sampling dates caused from the flooding (Fig 2 a). On the other 

side a clear increase of the electrical conductivity was registered in all soils immediately after 

flooding. The highest values were found in soil Nr. 1; 4 and 5, while the other soils, present 

lower values of electrical conductivity. In the other sampling periods the values of electrical 

conductivity decrease subsequently in all the soils.  

The same tendency as in the soil analysis could be noticed also in the concentration of the 

different ions registered in the percolated water. In all the sampling points the concentration 

of the different ions in water increased extremely immediately after flooding and decreased in 

the later sampling dates. As expected the sharpest increase was registered in Na+ and Cl-, 

which should be a result of the higher concentration of these two ions in the sea water (Fig 2 

c and d). Also the other ions measured (Ca++, K+ and SO4
--) showed much higher values 

immediately after flooding than in the previous measurement (Fig 2 f, e, and g respectively). 

If we look at the values obtained in the last two measurements we can notice that the 
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concentration of the different ions decreased sensibly, reaching in almost all the soils the 

values observed before flooding. From the data presented in the fig. 2 e and fig 2. f, we can 

notice also some differences between the different soils and ions. The leaching of K+ is much 

higher that of Ca++, whereas between the soils the concentrations of these ions founded in the 

percolated water in soil 2 and 5 are lower that in the other soils. This data indicate a lower 

leaching capacity from these soils, perhaps due to the lower sand content of these soils.  

 

DISCUSSIONS 

Different researchers have studied the effects of saline water flooding on soil properties in the 

current literature. Especially after the Tsunami that flooded in 2004 several thousands of 

hectars of agricultural land in the Pacific coast, more attempts have been made to better 

understand the consequences and to find the most proper techniques for soil fertility 

restoration (Rachman et al. 2008; Malem McLeod, et al 2008; Sembiring et al 2008; 

Middleton 2009a; Middleton 2009b).  

We were not able to find any influence of the flooding on organic matter content in the upper 

layer of the soils where the organic matter content was lower than 0.8% (soils Nr. 1; 3) in all 

sampling dates well as in the layer 30-60 cm in all the soils (Fig. 1 c). In the soils Nr. 2; 4; 5 

and 6 in the layer 0-30 cm there was registered a slight decrease of the amount of the organic 

matter especially in the sampling dates one month and six months after flooding. The 

influence of the change of humidity on microorganism’s activity and the decomposition of 

soil organic matter have been studied form different authors (Sorensen, L.H., 1974, 1978, 

Appel 1998, Mikha et al. 2005). Balesdent et al. (2000) in a review article, consider drying 

and rewetting one of the most important factors influencing soil organic matter 

decomposition in the soils. This could explain the decrease of the organic matter in the upper 

layers of the soils with relatively high content of organic matter. In the other soils the low 

amount of organic matter, and perhaps also of the microbial activity, could have played a role 

in the impossibility of detecting similar influences. In the lower layer the drying is not 

probable to happen and the effect of drying-rewetting couldn’t be registered.  

The sea water flooding in the Lezha District caused an increase of the concentration of Na+ 

and Cl- ions in the upper soil layer immediately after flooding in all soils analyzed (Fig. 1 d 

and e). This increase was lower in the depth 30-60 cm. One month after flooding the 

concentration of both ions decreased from the upper layer (0-30 cm) due to leaching from the 

rain (200 mm Tab. Nr. 1) and we could find part of these concentration in the depth 30-60 
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cm, where in almost all the soils, an increase of both ions (Na+ and Cl-), could be registered. 

In the last sampling dates the concentration of Na+ and Cl- decreased, most probably due to 

the leaching from rainfall (740 mm between the two last samplings period, Table Nr. 2). 

Some differences to be noticed between the soils analyzed. In soil Nr. 2 and soil Nr. 5 the 

concentration of both Na+ and Cl- were higher than the values before the flooding in both soil 

depths, whereas the other four soils registered values of Na+ and Cl- that were approximately 

in the range of the values recorded before flooding.  

From the analysis of peculated water, immediately after flooding, we could notice a sharp 

increase of  the concentration of Na+ and Cl-, but this increase was lower in soil Nr. 2 and soil 

Nr. 5 compared to the other soils (Fig. 2 c and Fig 2 d)). On the last sampling date, we could 

find that in soil Nr.1, Nr.3, Nr.4, and Nr.6 the concentrations of Na+ and Cl- were similar to 

those registered before flooding, whereas the values found in soil Nr. 2 and Nr. 5 were higher 

in the last sampling date than before flooding. This confirms the same tendency found in the 

soil analysis for these two soils. We could say that the leaching of these ions were slower in 

this two soils, compared to the four others. This could be a consequence of the lower leaching 

capacity of these soils due to the relatively higher content of silt and clay particles of those 

soils compared to the others.  

Available calcium, potassium and sulphate concentrations decreased in all the sampling dates 

compared to the values before flooding (Fig 2 e, f and g). If we compare the different 

sampling dates, we can notice that the highest differences were found at the sampling date 

immediately after flooding whereas at the other sampling dates the losses of the ions through 

leaching were very low. Comparing the different soil depths, the highest the highest losses 

were found in the upper layer, whereas in the lower layer the losses of the three ions were of 

minor extend. Considering the differences between the soils we can notice that the amount of 

all the three ions leached from the upper soil layer is lower in soil Nr. 2 and Nr. 5 if 

calculated on a percentage base to the total amount of the respective ions in each soil. Both 

soils have the lowest amount of sand that means that they have also the lowest amount of 

macro-pores that facilitate leaching.  

Observing the data of the concentration of the same ions in the percolated water we can 

notice that there are found increased concentrations of the ions leached from the respective 

soils. The concentration of Ca++, K+ and SO4
.-- in the percolated water is higher in the 

sampling date “immediately after flooding” when the concentrations of these ions in the 

respective soils submit the highest decrease (Fig 2 e , f and g). In the later sampling dates the 
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concentrations of the ions in the percolated water decrease, mirroring the values leached from 

the soils. Soil electrical conductivity is often used to measure the total concentration of the 

ions in the soils. Also in our measurements, the electrical conductivity of the soils reflects the 

changes in the concentrations of the different ions in all the soils (Fig. 1 b). We could register 

a sharp increase of the values of electrical conductivity in all the soils immediately after 

flooding. In the other samplings dates the values of electrical conductivity decreased reaching 

in the last measurement practically the values registered before flooding. Comparing the 

different soils we can say that the soils with lower amount of sand (Soil Nr. 2 and Nr. 5) have 

recorded the highest increase as influenced by flooding, which must be a consequence of the 

highest ion concentration in these soils compared to the other soils. At the last measurement 

(six months after flooding) the values of electrical conductivity have reached the values 

measured before flooding, which speaks for a recovery of the total concentration of the ions 

in the soils after this period. The same tendency was also registered electrical conductivity 

measured in the percolated water (Fig 2 b) the differences between the soils are reflected also 

in the leached water.  

 

CONCLUSIONS 

As expected, flooding through sea water caused a sharp increase of the concentration of Na+ 

and Cl- ions in the soils, and on the other side contributed to the leaching of the other ions. In 

the soils with higher sand content the initial enrichment of the soil with Na+ and Cl- was 

leached six months after flooding in both soil layers. In the other soils (soil Nr. 2 and Nr. 5) 

the values of Na+ and Cl- also after six months were higher than the values registered before 

flooding. Other authors (Richards et al. 2000) found that leaching of trace elements in silt 

loam soils contributed to the assessment of their values in approximately one year. In our 

case the recovery was quicker perhaps due to the higher sand content which means also 

higher leaching capacity. Flooding caused also a decrease of ions as Ca++ and K+ due to 

leaching, whereas there were found no influences of pH values.  
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