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EFFECT OF SALINITY ON SOIL PROPERTIES OF COASTAL 

AREAS IN BANGLADESH 

 

ABSTRACT 

 

A field study was conducted to determine the impacts of salinity on soil properties at 

Babuganj, Bakerganj, Gournadi and Kalapara upazila during the period of July to 

September 2016. Soil sampling was done by random sampling method at 0-50cm and 50-

100cm depth. Salinity has a detrimental effect on soil physical and chemical properties. 

The dominant soil textural classes in the saline areas are silty clay. The soils pH of the 

surface horizon is slightly lower than those of the subsoil and sub stratums. Cation 

Exchange Capacity (CEC) of all these soils varies from 12.83 to 20.92meq/100 g soil. 

Electrical conductivity (EC) of all these soil varies from 1.23 dS/m to 6.6 dS/m at 

Babuganj, Bakergnaj and Gournadi and moderately saline at Kalapara. The organic 

matter content is medium to high (0.62 to 1.6)% at Kalapara and Bakerganj, pretty low 

(0.39 to 1.03)% at Babuganj and Gournadi. Nutrient deficiencies for total nitrogen were 

quite dominant in the study area. Exchangeable sodium, potassium, calcium and 

magnesium were in high level. The dominant water soluble anions were Cl
-
 and SO4

2-
. 

The amount of accumulated salt was found higher at the surface and decreases with 

depth. 
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CHAPTER I 

INTRODUCTION 

Salinity being a major problem is worldwide. Bangladesh is experienced with this 

problem and the southern part of the country also affected by salinity. The coastal 

region covers almost 29,000 km
2
 or about 20% of the country. Coastal areas of 

Bangladesh cover more than 30% of the cultivable lands of the country (Islam, 2006). 

About 53% of the coastal areas are affected by salinity (Haque, 2006).According to 

the coastal zone policy (CZPo, 2005) of the Government of Bangladesh, 19 districts 

out of 64 are in the coastal zone covering a total of 147 upazilas of the country. 

Central coastal zone extends from Feni river estuary to the eastern corner of the 

Sundarbans, covering Noakhali, Barisal, Bhola and Patuakhali districts. The zone 

receives a large volume of discharge from the Ganges-Bhrahmputra-Meghna river 

system, forming high volume of silty deposition. More than 70% of the sediment load 

of the region is silt; with an additional 10% sand (Allison et al., 2003). In Bangladesh, 

salinization is one of the major natural hazards hampering crop production. The 

coastal saline are lies about 1.5 to 11.8 meters above mean sea level. The Ganges 

River meander flood plain systems are standing higher than the adjoining tidal lands. 

The tidal flood plain has a distinctive, almost level landscape crossed by innumerable 

interconnecting tidal rivers and creeks. The estuarine islands are constantly changing 

shape and position as result of river erosion and new alluvial deposition. The lands of 

coastal area become saline as it comes in contact with sea water by continuous 

inundation during high tides and ingress of sea water through cracks and sometimes 

cyclone induced storm surge. The severity of salinity is increasing in the coastal area 

during winter with the drying of soil (Naher et al., 2011). During rabi season large 

area remain fallow due to lack of irrigation water and higher level of salinity. Again 

the coastal belts remain inundated with range of 60 cm to 80 cm from May to 

September limiting the cultivation of crops except some local rice varieties, covering 

60% of total cultivated land (Karim et al., 1998). 

Soil with an electrical conductivity of saturation extracts above 4dSm
-1

 is called saline 

soil. The proportions of cations and anions in the natural soil water solution are a 

function of soil type, climate and land use. The concentration and relative proportions 

of these salts play a critical role in the salinity hazard of soil. Salinity can have a 
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flocculating effect on soils, causing fine particles to bind together into aggregates. 

When high concentrations of sodium affect a soil, the subsequent loss of structure 

reduces the hydraulic conductivity, or rate at which water moves through a soil 

(Shainberg and Letey, 1984; Hanson et al., 1999).Salinity became a serious problem 

for agriculture all over the world. (Charman and Murphy, 2000).On a global scale, 

nearly 40% of the earth`s land surface is potentially endangered by salinity problems. 

Salinity areas are increasing day by day. It is the measure of all the salts dissolved in 

the water and measured in parts per thousand (ppt or %). The average ocean salinity is 

35ppt and average river water salinity is 0.5ppt or less. High salinity has an impact on 

people and Industries reliant on water from the river murray. It can also negatively 

affect plant growth and yields. The severity of salinity problem in Bangladesh 

increases with the desiccation of the soil. It affects crops depending on degree of 

salinity at the critical stages of growth, which reduces yield and in severe cases total 

yield is lost. Soil reaction values (pH) in coastal regions range from 6.0-8.4 (Haque, 

2006 and Naher et al., 2011). The organic matter content of the soils is also pretty low 

(1.0-1.5%) (Karim et al., 1982). Nutrient deficiencies of N and P are quite dominant 

in saline soils. Micro-nutrients, such as Cu and Zn are widespread. During the wet 

monsoon the severity of salinity is reduced due to dilution of the salt in the root-zone 

of the standing crop. Salinity distributions in the coastal region of Bangladesh vary 

location to location. The costal zones of Bangladesh affected by different levels of 

salinity have been presented in Figure 1. 
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             Figure 1. Saline zone of Bangladesh (BARC, 2009) 

Both water and soil salinity along the coast will be increased with the rise in sea level, 

destroying normal characteristics of coastal soil and water. Salinity causes 

unfavorable environmental and hydrological situation restricting the normal crop 

production throughout the year. Salinity problem received very little attention in the 

past, but due to increased demand for growing more food to feed the booming 

population of the country, it has become imperative to explore the potentials of these 

lands. So the present study was conducted to know the following objective(s): 

1. To determine the salinity level at Babuganj, Bakerganj, Gournadi and 

Kalapara saline areas; 

2. To study the physical and chemical properties of soils of these saline areas; 

3. To study the effect of salinity on physico-chemical properties of saline soil. 
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CHAPTER II 

REVIEW OF LITERATURE 

This chapter has presented a comprehensive review of literature related to the saline 

soil. 

2.1 Salt affected soils 

Al-Busaidi (2014) reported thaton elemental nitrogen losses from soil concluded that 

losses were likely to be highest under alternate aerobic and anaerobic conditions, a 

situation exactly met within sodic soils. 

Carson et al. (2009) reported that a disturbed balance in the uptake and composition 

of major nutrients is bound to influence the plant composition of micronutrients. 

Besides the generally known toxic effects of boron there is a need to understand better 

the behavior of Fe, Mn, Zn, Cu, etc., in relation to soil salinity particularly with a 

view to establishing limiting values so far only developed for normal soils. 

Fallovo et al. (2009) reported that the soil chemical properties, especial nutritional 

disorders that is, decreased or increased solubility and availabilities of essential 

nutrients caused by the presence of excessive accumulations of specific ions and/or 

salts such as Na
+
, HCO3

-
, CO3

2-
, SO3

2-
, or NaCl and Na2SO4.In salty soils, toxicity is 

due to the uptake of too many specific ions, often Na
+
 and/or Cl

-
, sometimes Mg

2+
 or 

others. High levels of exchangeable sodium and accompanying high pH of sodic soils 

affect the transformations and availability of several essential plant nutrients 

(Chinnusamy et al., 2005). 

Farifteh et al. (2006) reported Soil salinity is a critical environmental problem in 

many countries around the world. This problem has deleterious impact on soil fertility 

which in turns reduces the soil productivity. Ghafoor et al. (2008); Murtaza et al. 

(2009) reported that salt affected soils can have major effect on soil physical 

properties, especial on the structure of soils. Soil structure, or the arrangement of soil 

particles, is critical in affecting permeability and infiltration. If a soil has high 

quantities of Na
+
 and the ECe is low, soil permeability, hydraulic conductivity, and 
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the infiltration rate are decreased due to swelling and dispersion of clays and slaking 

of aggregates. 

Aydin et al. (2004) found that salt affected soils are characterized by accumulation of 

soluble salts: cations such as calcium, magnesium and sodium, and anions such as 

carbonate, sulfate and chloride. Abrol and Yadav (1988); Szabolcs (1989) reported 

that salt affected soils cover a range of soils defined as saline, saline-sodic, and sodic. 

Keshavarz et al. (2004) reported that application of judicious quantities of P-fertilizers 

in saline soils helps to improve crop yields by directly providing phosphorus and by 

decreasing the absorption of toxic elements like Cl. On moderately saline soils, the 

application of potassium fertilizers may increase the crop yields either by directly 

supplying K or by improving its balance with respect to Na, Ca and Mg. However 

under high salinity conditions it is difficult to exclude Na effectively from the plant by 

use of K-fertilizers. 

Szabolcs (1989); Oldeman et al. (1991) as reported that over 10% of the world's land 

is salt affected and the total global area of saline soils is 397 million ha and that of 

sodic soils is 434 million ha of the current 230 million ha of irrigated land, 45 million 

ha (19.5%) are salt affected soils and of the almost 1500 million ha of dry land 

agriculture, 32 million (2.1%) are salt affected soils to varying degrees by human-

induced processes. 

2.2. Origin and form 

Minhas and Sharma (2003) reported that soil salinity problems can occur naturally 

(primary salinization), or as a result of human activities (secondary salinization).  

Coram et al. (2001) found that the water table rises, salts stored within the soil profile 

are mobilized and carried toward the soil surface, resulting in salinization. At least 2.5 

million hectares (5% of cultivated land) are currently affected by dry land salinity and 

approximately 5.7 million hectares of Australian farmland have a high salinity risk. 

This could rise to 12 million hectares (22%) in 50 years. Yeo (1999) found that Soils 

affected by secondary salinization account for about 76 Mha of 1.5 Mha cropped land, 

including 56Mha of 280 Mha irrigated lands in Australia. 
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Abrol and Yadav (1988) found that salt affected soils are more extensive in arid and 

semi-arid regions compared to humid regions. However, the occurrence of saline soils 

is not limited to arid environments. Salt affected soils can be found in the tropical 

regions of Africa and Latin America, and in all continents and under almost all 

climatic conditions. 

Russell (1989) reported that in addition, salts can come from vegetation growing on 

salt affected soils. Up to one quarter of plant dry weight is ash, and the large 

proportion of the ash may be soluble salts. Almost 200 kg ha
-1

 of salts is brought 

annually to soil surface by vegetation. Although small compared to amounts of salts 

added by irrigation, plants can contribute to the accumulation of salts in the top soil 

over long periods of time. The area affected by salts is expected to increase over time 

due to water shortage, and adoption of agricultural practices such as the use of 

wastewater in irrigation or over fertilization with absence or installation of inefficient 

drainage systems. 

Szabolcs (1989) showed that the phenomenon of primary salinization affects about 

1.3 Gha out of the global land area of 13.4 Gha. Bertrand et al. (2003) reported that 

secondary salinization, the gradual buildup of salt in previously salt-free topsoil, 

occurs in irrigated areas as salt is introduced into the soil with every round of 

irrigation. Part of the salt is leached below the root zone, but parts remain in it. In 

Australia, the dry climate is the background of widespread salinity.  

2.3. Characteristics of salt affected soils 

Salinity and sodicity are major soil problems leading to the deterioration of soil 

fertility. The occurrence of each can change the properties of soils, but these two main 

groups of salt affected soils differ not only in the chemical characteristics, but also in 

the physical and biological properties. 

2.3.1. Soil Physical Properties 

Srivastava et al. (2014) reported that generally, soil physical properties (bulk density, 

soil aggregate stability, available water content, hydraulic conductivity and soil water 

retention potential) affected and also limiting root growth in the salt affected soils in 

the case of sodic soil. 
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Akhter et al. (2004) reported that the physical properties of soils determine their 

adaptability to cultivation and the level of biological activity that can be supported by 

the soil. Soil physical properties also largely determine the soil's water and air 

supplying capacity to plants. Many soil physical properties change with changes in 

farmlands and its management such as intensity of cultivation, the instrument used 

and the nature of the land under cultivation, irrigation water quality and management, 

rendering the soil less permeable and more susceptible to formation salt affected soil 

under irrigation farmland. 

2.3.1.1. Soil texture 

Rogobete et al. (2013) reported that the fluvisols have large pores and large soil 

texture, the solute transport to soil surface that forms salt crust higher than vertisols 

have very fine pores and smaller soil texture. 

Naher et al. (2011) reported that saline soil has a detrimental effect upon soil physical 

and chemical properties. The dominant soil textural classes that occur in the saline 

areas of Bangladesh (Assauni and Kalapara) are siltyclay. 

Leal et al. (2009) reported that sandy soils can withstand higher salinity irrigation 

water because more dissolved salts will be removed from the root zone by leaching. 

Another important aspect of soil texture has to do with surface area. Because of their 

tiny size, a given volume of clay particles has far more surface area than the same 

volume of a larger sized particle. This simply means that clay soils are at a greater 

risk than course textured soils for excess sodium to bind to them and cause dispersion. 

Goldshleger et al. (2001) reported that after rainfall or irrigation, the optical properties 

of soil with different clay content vary as they retain water to a different extent which 

results in confusion of spectral signatures between low or medium salt affected soil 

and non-affected soil. 

Ghafoor et al. (2004) reported that generally, soil texture is very useful indicator of 

physical properties like soil porosity and workability. It influences air and water 

movement and is important for irrigation management and soil salinity and sodicity. 
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2.3.1.2. Bulk and particle densities 

Muhammad et al. (2002); Barik et al. (2011) reported that the bulk density increase 

with increase salinity and especially sodicity this due to soil compaction increase 

dispersive action of exchangeable sodium on soil colloids and altering the pore size 

distribution and decrease the total volume of soil. He also reported that this increase 

in bulk density due to high salinity and especially sodicity affected available water 

and porosity and thus it may strongly influence permeability, drainage rate and 

penetration by roots. 

Hussein et al. (2010) reported that the effect of saline water on bulk density and 

mechanical strength of soil compared to that irrigated regularly by fresh water, values 

of bulk density and penetration resistance were increased by 0.27 and 24.0%; 0.65 and 

27.24%; and 2.15 and 32.89% that of control by using fresh water alternating with 

saline water 2000, 4000, 6000 ppm, respectively. Generally, any factor that influences 

soil pore space was also affect the bulk density. 

Muhammad et al. (2002); Srivastava et al. (2014); reported that the bulk density, 

particle density and porosity are affected by clay, silt, and salts content and also by 

organic matter. 

2.3.2. Soil Chemical Properties 

Allotey et al. (2008) reported that soil chemical fertility refers to chemical properties 

and processes important to plant growth and environment. Determinants of soil 

chemical quality include soil organic matter content, total nitrogen (N), soil reaction 

(pH), salt content of soil (ECe), cation exchange capacity (CEC), exchangeable bases, 

and plant available nutrient reserves. Soil and crop variables explained more than 

70% of the variance in soil quality among agricultural histories. The edaphic 

indicators that showed the greatest change from pristine conditions were organic C, N, 

P, Mg, K, B, Ca, and Zn contents and cation exchange capacity. 

Swarp (2004) reported that the attributes include, soil reaction, salinity, aeration 

status, organic matter content, cation exchange capacity, status of plant nutrients, 

concentrations of potentially toxic elements, and possibly the most important 
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attribute, the capacity of the soil to buffer against change. However, the final selection 

will depend upon the function under consideration of sensitive to changes. 

2.3.2.1. Electrical conductivity (EC) as soil salinity 

Naher et al. (2011) conducted an experiment in two salt affected soil of Bangladesh 

and found that the ECe value ranged from2.4 to 3.4 dS/m at Asasuni and 3.1 to 4.0 

dS/m at Kalapara. 

Nurul et al. (2009) studied on suitability assessment of water and soil salinity for boro 

cultivation in coastal region of Barisal and found that the salinity of Khalisakhali river 

water varied from 0.14- 0.87 dSm
-1 

during December to April and also reported that 

the soil salinity at Bakergonj and Khalisakhali was 0.69- 1.8 dSm
-1

 from December to 

April. 

Rengasamy (2006) found that increasing the salinity of the soil solution has a positive 

effect on soil aggregation and stabilization, it can damage soil structure with 

increasing Na+ concentration in the soil solution and accumulation on clay particles 

causing sodicity. 

SRDI (2003) reported that soil salinity level of south of Khulna and Bagerhat towns 

ranged between 8 to 15dSm
-1

 during the low flow season. It is also reported that 

several sub-districts (such as Kachua, Mollahat, and Rultali) south of the Sundarban 

known to be non-saline in the pre-Farakka period have begun to develop soil salinity 

during the low flow seasons of 1980s. SRDI (2005) reported that soil salinity in the 

crop yields ranged from 4.5-8.5 dSm
-1

 and fallow lands with that are relatively more 

saline ranged from 5.5-15.5 dSm
-1

. 

Bhattacharya et al. (1994) observed that the ECe values ranged from 1.8 to 17.0 dSm
-

1
 and also observed that the organic carbon value ranged from 0.5 to 1.5 gm/kg. Sahoo 

et al. (1995) conducted an experiment in the Sundarban Mangrove soil and found that 

the ECe value ranged from 1.36 to 11.47. Anonymous (2001) reported that in coastal 

area of Bangladesh, tidal water intrusion and drought condition, during rice growing 

season increased the salinity level and EC may develop up to 5 to 30 m mohs / cm. 
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SRDI (1993a) reported that the ECe value ranged between 0.44 to 6.4 m mohs/cm in 

the salt affected Rupsa Thana of Khulna District. SRDI (1993 b), reported that the 

ECe value ranged between 0.54 to 10.2 dSm
-1

 in the salt affected Sathkhira Sadar 

Soils of Bangladesh. 

Rahman (1987) conducted an experiment in two salt affected soil of Bangladesh and 

found that the ECe value ranged from 1.2 to 11.1 m mohs/ cm at different depth. 

More et al. (1987) reported that the ECe of the salt affected soil ranging from 0.84 to 

39.20 m mohs/ cm in Maharashtra soil. Anwar (1993) observed that the ECe value 

varied from 3.25 to 12.36dSm
-1

 in two salt affected areas of Patuakhali and Barguna 

District of Bangladesh and the level of salinity increased with the advancement 

towards the coast of Bay of Bengal. 

George and Wren (1985) reported that salinity is generally expressed in 

deciSiemens/meter (dS/m) or millimohs/centimetre (mhos cm
-1

). Siemens per meter 

equals 0.1 mhos cnil. The ratio of the electrical current density to the electric field in 

the soil is expressed as the reciprocal value of its resistivity in mhos cm
-1

 (or cm
-1

) of 

soil extract or paste and generally refers to the salt/solute content of the soil. The non-

saline and low-, moderate- and high-salinity categories are identical to those used by 

EC1:5 rangesare calculated using a conversion factor selected for every soil texture. 

Russell (1961) showed that in sodic soils, carbonate and bicarbonate are the principal 

anions and Na
+
 is the dominant cation. Sodicity is based on Na

+
 concentration relative 

to other cations (i.e. Ca
2+

, Mg
2+

, K
+
, NH4

+
) adsorbed to soil particles on the exchange 

complex. 

USDA (1954) reported that in salt affected soils, soluble salts consisting of chlorides 

and sulphates of sodium, calcium and magnesium are present in high concentrations 

leading to an increase in electrical conductivity (EC). According to the classification 

of U.S. Salinity Laboratory soils (saturated paste) with an electrical conductivity (EC) 

greater than 4 deciSiemens/meter (dS/m) are saline. In Australia, a classification was 

proposed to describe the level of salinity in soils based on the values of electrical 

conductivity in the soil saturation extract (abbreviated ECe), or in the 1:5 extract 

(EC1:5). 
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2.3.2.2 pH 

Mariangela and Francesco (2015) reported that generally, the degree and nature of 

soil reaction influenced by different anthropogenic and natural activities including 

leaching of exchangeable bases, decomposition of organic materials, application of 

commercial fertilizers and other farming practices. 

Mahmood et al. (2013) reported that the pH of soil solutions has a profound effect on 

element solubility and availability of a given nutrient in soils. The processes of 

mineral dissolution and also adsorption at alkaline functional groups are dependent on 

pH, in addition to the fact that action exchange capacity depends on pH. Alkaline soils 

are often associated with nutrient excess of the base cations Ca, Mg, K and Na and 

base anion Cl
-
 and SO4

-2
 and also at pH > 8.2 excess carbonate and bicarbonate. Trace 

element cations and Na are often present at high enough concentrations to cause 

toxicity to plants in alkaline soils. Alkaline soils are associated with deficiencies of 

trace element nutrients, in particular Fe and Zn, and also deficiencies of P. 

Akram et al. (2011) reported that salt-affected soil, pH inhibits water and nutrient 

uptake although there is sufficient quantity of them in soil. 

Naher et al. (2011) reported that the pH value of the topsoil at Asasuniupazila in 

satkhira district of Bangladesh ranged from 5.39 to 6.02 i.e. the soils were slightly 

acidic to acidic in reaction. In 50-100 cm depth in this area the pH ranged from 6.7 – 

6.85 which is nearly neutral. At Kalapara upazila in patuakhali district of Bangladesh 

the pH values in 50 – 100 cm deep is 5.9 to 6.20 which is slightly acidic. The pH 

ranged of the soils from 50 -100 cm deep was 6.49 and 7.2, and from 100 – 150 cm 

deep was 7.2 – 8.1 which is strongly alkaline. 

Rengasamy (2010) report shows the pH of soil–water suspension is greater than the 

filtered extracts for high land soil. In alkaline sodic soils the pH of a 1:5 suspension is 

usually from one-half to one pH unit higher than that of a saturated soil paste or a soil 

suspension prepared by using CaCl2. 

Jones (2003); Qadir et al. (2007) reported that descriptive terms commonly associated 

with certain ranges in pH are extremely acidic (pH < 4.5), very strongly acidic (pH 

4.5-5.0), strongly acidic (pH 5.1-5.5), moderately acidic (pH 5.6-6.0), slightly acid 
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(pH 6.1-6.5), neutral (pH 6.6-7.3), slightly alkaline (pH 7.4- 7.8), moderately alkaline 

(pH 7.9-8.4), strongly alkaline (pH 8.5-9.0), and very strongly alkaline (pH > 9.1). 

Bertrand et al. (2003) found that in acidic soils, P is generally bound to hydrous 

oxides of Fe
3+

 and Al
3+

 and is gradually converted into crystalline Fe
3+

 and 

Al
3+

phosphates but its solubility increases with increasing soil pH. 

Rengasamy (2010) reported that the electrical conductivity (ECe) measurement 

identifies soils, which are potentially saline. These salts contain the cations Na
+
, Ca

2+
 

and Mg
2+

 and the anions Cl
-
, SO4

2-
, HCO3

-
, and CO3

2-
 which can be weathered from 

minerals and accumulate in the soil solution in areas where the precipitation is too low 

to provide leaching. Excessive accumulation of soluble salts convert to salt affected 

soils and the process leading to accumulation of salts are common in arid and semi-

arid regions where rainfall amount is insufficient to leach soluble salts. 

Samadi and Gilkes (1998) reported that in contrast, in neutral, calcareous and alkaline 

soils, P precipitates with calcium in stable forms of Ca-P and is gradually converted 

into soluble hydroxyapatite or fluroapatite minerals. The solubility of Ca-P increases 

with decreasing soil pH. 

Anwar (1993) observed that the pH of Patuakhali and Barguna Districts of 

Bangladesh varied from 6.21 to 7.88 and at some locations increased with the soil 

depth. SRDI (1999) reported that the pH value varied from 5.7 to 7.7 in salt affected 

Sathkhira Soil while values varied from.6:66 to7:47 in Bangladesh and that Ghosgaon 

Series. 

Chowdhuri (1992) observed that the pH of Old Brahmaputra Floodplain Soil ranged 

from 6.02 to 7.1.Prafitt, (1978) reported that the highest phosphorus (P) availability 

occurs at the pH 6-7 while at higher or lower pH availability of P decreases. White 

(1980) reported that the Phosphorus reacts with A1
3+

, Fe
3+

 and Ca
2+

 on the surface 

area of the clay minerals. 

Prafitt (1978) showed that calcareous soils fix P in the form of Ca-P and hydroxyl 

apatite on the surfaces of carbonate minerals. Ryan et al. (1985) found that due to the 

greater surface area to volume ratio, small particles of carbonates sorb more P than 

large particles. 
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Brammer and Brinkman (1977) concluded that the increase of pH with depth is a 

common feature in the seasonally flooded soil of Bangladesh. In an observation of salt 

affected soils of Bangladesh. Rahman (1978) stated that the pH value ranged between 

6.7 to 7.9 and 6.7 to 7.8. Dube and Shama (1987) stated that the pH value ranged 

between 8.2 to 8.3 and 8.0 to 8.5 at two highly saline areas of Gujarat (India). 

Ponnamperuma (1972) observed that when an aerobic soil was submerged, its pH 

decreased during first few days, reached a minimum and then increased to a fairly 

stable value of 6.7 to 7.2 a few weeks later in a 1:1 soil water suspension. He reported 

that the overall effect of flooding is an increase in pH of most acid mineral soil which 

was due to the reaction of Fe3
+
 and a decrease in pH alkaline soil which was due to 

CO2 accumulation. 

2.3.2.3. Organic matter and total nitrogen 

Kizildag et al. (2013) reported that the organic carbon and total nitrogen values were 

found to be low compared with non-saline soils and it is possible to conclude that 

nitrogen mineralization of saline soils can be affected by the composition of different 

plants. 

Naher et al. (2011) reported that topsoil organic status in all the horizons ranges from 

medium to high at Asasuni upazila in satkhira district of Bangladesh range is 0.85 to 

2.8% and 0.55 to 1.89% at Kalapara upazila in Patuakhali district of Bangladesh. Top 

soil organic matter content in almost all the soils collected from Kalapara upazila are 

found very low mainly due to the lower topographic position of the soils. Organic 

matter content gradually decreases with depth followed by increasing trend due to the 

presence of buried mineral and organic horizons. 

Arunakumara and Walpola (2010); (2011) reported that the importance of increased 

soil OM or soil organic carbon is its effect on improving soil physical properties, 

conserving water, and increasing available nutrients. However, this critically 

important soil component is strongly influenced by natural and anthropogenic factors. 

These practices adversely affected the soil organic carbon pool and strongly 

impacting global warming and climate change (Kumar, 2013). Salinity and sodicity 

decrease the plant productive and consequently reduce the organic matter input, also 
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affect the active of microorganisms and therefore can change organic matter 

decomposition rate. 

Pattersion (2006) reported that the proportions of cations and anions in the natural soil 

water solution are a function of soil type, climate and land use. Portch and Islam 

(1984) also found that 100% of the soils studied were deficient in available nitrogen, 

which was similar to the present findings. 

Zaman and Bakri (2003) reported that Bangladesh has 3 million hectares of land 

affected by salinity, mainly in the coastal and south-east districts, with ECe values 

ranging between 4 and 16 dS/m. 

Loveland and Webb (2003) reported that generally, there is considerable concern that 

if soil OM or soil organic carbon concentrations in soils are allowed to decrease too 

much, the productive capacity of agriculture will be then compromised by 

deterioration in soil physical properties and by impairment of soil nutrient cycling 

mechanisms. Soil OM contributes positively to soil fertility, soil tilth, crop 

production, and overall soil sustainability. 

Sahoo et al. (1995) conducted and experiment in the sundarban mangrove Soil and 

found that the organic carbon value decreased with depth in all the profile with its 

content ranging from 0.29 to 1.89%.Marschner and Termaat (1995) reported that Soil 

with an electrical conductivity of saturation extracts above 4dSm
-1

 is called saline 

soil. 

Panaullah (1993) reported that the degree of salinity varies widely with area and 

season, depending on a availability of fresh water, intensity of tidal flooding and 

nature of movement of saline ground water. Soil salinity shows an upward trend in 

February and reaches a maximum level in April- May. 

Leeper and Uren (1993) reported that high salinity levels may cause soil inorganic 

fractions to coagulate but the concentration of salt may cause the organic colloids to 

disperse and drain from the soil profile. Saline seeps are often colored with dispersed 

organic colloids. Robert and Patterson (2006) reported that when sodium salts reach 

high levels the soils may disperse and the soil pores become blocked with the 

subsequent capture of the colloids. 
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Rengasamy and Olsson (1993) reported that physical blocking of the soil pores cannot 

be reversed chemically and the permeability of the effluent application area will be 

reduced. Hanson et al. (1999) reported that Calcium and magnesium compete for the 

exchange sites occupied by sodium so that increased calcium and magnesium 

concentrations reduce the amount of sodium that will be bound to soil particles. 

Karim et al. (1990) found that the organic matter content ranged between 0.10 to 1.00 

and 1.15 to 2.27% in two salt affected soils of Bangladesh. SRDI(1993) reported that 

the organic carbon values varied from 0.40 to 2.54% in the salt affected Rupsa Thana 

Soil of Khulna District. Anwar (1993) found that the organic carbon percentage 

ranged between 0.51 to 0.64 in two salt affected areas of Patuakhali and Barguna 

districts of Bangladesh and the high value was obtained at surface soil. 

2.3.2.4. Cation exchange capacity (CEC) 

Girma et al. (2012) reported that the depletion of CEC is a serious threat to 

agricultural production and food security; it leads to soil degradation and nutrient 

depletion, a decline in agricultural and biomass productivity and poor environmental 

quality. 

Naher et al. (2011) reported that the cation exchange capacity of soils of different 

horizons varies from 12.8 to 27.2 meq/100 g soil and 12.4 to 21.0 meq/100 g soil at 

Asasuni upazila in Satkhira district and Kalapara upazila in Patuakhali district of 

Bangladesh respectively. CEC of all these soils varies from 12.7 to 27.2 meq/100 g 

soil expressing medium to high status. The high CEC values of these soils denote the 

comparatively high chemical activity of soil. 

Dohrmann (2006) reported that cation exchange capacity (CEC) of the soil is the 

ability of the soil solid phase to attract or store and exchange cationic nutrients with 

the soil solution and render them available to plants through exchange reactions. 

Pansu and Gautheyrou (2006) showed that CEC is highly correlated with organic OM 

content of the soil, which is in turn, is affected by different soil management practices 

such as intensive cultivation, fertilization, and changes in land use. Besides, due to 

intensity of human action, there was a drastic loss of CEC in the surface than in the 

subsurface layers in soils of Senbat watershed, western Ethiopia (Nega and Heluf, 
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2013). Generally, processes that affect texture (such as clay) and OM due to land use 

changes also affect CEC of soil. 

Aweke (2005) reported that in his research result on major soils of some dry land 

areas of north-east Ethiopia, stated that the highest CEC value (56.70 cmolcg-1) was 

recorded in the surface layer of Kobo EutricVertisols and can be considered very high 

for tropical soils. 

Sopher and Baird (1982) reported CEC is an important parameter of soil because it 

gives an indication of the type of clay minerals present in the soil, soil’s capacity to 

retain nutrients against leaching, determines how often and how much gypsum must 

be applied, and determines how plant nutrients other than gypsum can be applied and 

assessing their fertility and environmental behavior. Generally, the chemical activity 

of the soil depends on its CEC. The CEC is strongly affected by the nature and 

amount of mineral and organic colloids present in the soil. Soils with large amounts of 

clay and OM have higher CEC than sandy soils low in OM. 

2.3.2.5 Cations and anions 

Tisdale et al. (1993) mentioned that A1
3+

 and Fe
3+

 precipitate P in acid soils whereas 

in alkaline soils P is precipitated with Ca
2+

 and Mg
2+

 and is generally sparingly 

soluble. 

White (1980) reported that high concentrations of Zn
2+

 also enhance P adsorption 

whereas high concentrations of selenite and arsenate decrease P adsorption in soils 

with goethite. 

Prafitt (1978) found that phosphorus can be replaced by other anions such as SO4
2-

, 

SO3
2-

, HCO3
-
and polybasic organic anions. 

2.3.2.6. Exchangeable bases and percentage base saturation 

Awdenegest (2013) showed that PBS of soils also indicate the degree of leaching and 

evaporation of exchangeable bases from surface and sub-surface and in arid area 

higher percentage base saturation because of higher evaporation than leaching. 

Therefore, this characteristic is extensively used in soil classification, soil fertility 

appraisal, and mineral nutrition studies. 
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Wondimagegne and Abere (2012) reported that the exchange complex is dominated 

by Ca
2+

 followed by Na
+
, Mg

2+
and K

+
 in both Vertisols and Fluvisols of Amibara 

irrigation cotton farm land. Rashad and Dultz (2007) reported Also, single-charged 

Na has lower clay-binding ability then double-charged Ca (or Mg), which in turn is 

not as strongly hydrated as Na. 

Gabrijel et al. (2011) reported exchangeable bases include Ca, Mg, K and Na. These 

basic cations are loosely (depending on the nature and conditions of the soil) attached 

to the edge of the clay particles or to the soil OM (exchange sites) and are in 

equilibrium with the concentration of cations in the soil solution. The 

order/distribution of exchangeable basic cations in most agricultural soil is generally 

Ca
2+

> Mg
2+

> K
+
> Na

+
 with a pH of 5.8 or more. 

Naher et al. (2011) reported that the sodium hazard is expressed as ESP. It ranged 

from 2.31 % to 3.04% at Asasuni upazila in Satkhira district which is acceptable (< 

10%) and it is intermediate (10-35%) at Kalapara upazila in Patuakhali district of 

Bangladesh, i.e. 9.55% to 13.05%. 

Freire (2009) reported that the dispersion of the clay particles caused by substitution 

of the calcium (Ca
+2

) and magnesium (Mg
+2

) ions present in the complex by sodium 

(Na
+
), resulting in an increase in soil sodicity, that is, in the exchangeable sodium 

percentage (ESP), which, in the last instance, is the main factor responsible for the 

deterioration of the physical properties of salt-affected soils (sodic, or alkaline, and 

saline-sodic).  

Haque (2006) reported that magnesium has synergistic effect of plant uptake of Na as 

well as antagonistic effect on the uptake of Ca and K. Havlin et al. (2010) reported 

that the percentage of the CEC that is satisfied by the base forming cations is termed 

as percentage base saturation (PBS). As a general rule, the degree of base saturation 

of normal uncultivated soils is higher for arid than for humid region soils. On the 

other hand, in arid regions, the PBS of soils formed from lime stones or basic igneous 

rocks is greater than that sandstones or acidic igneous rocks of soils formed from. 

Buckland et al. (2002) found that in sodic soil, aggregate stability is reduced due to 

the increase in exchangeable sodium percentage (ESP). 
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Mesfin (1998) reported that the exchangeable Ca and Mg cations dominate the 

exchange sites of most soils and contributed higher to the total percent base saturation 

particularly in Vertisols in Ethiopia. The soils contain variable levels of exchangeable 

bases, but a general feature is the higher Ca and K saturation of the exchange complex 

compared to Na and Mg in most of the soils. The Na and Mg saturation saline sodic 

and sodic soil of the exchange complex is harmful because they destroy the soil 

physical properties and offset plant nutrition. 

2.3.2.7. Sodium absorption ratio 

Wondimagegne and Abere (2012) reported that the water in soils is commonly 

referred to as “soil solution” because it contains various solutes, principally cations 

such as calcium (Ca
2+

), magnesium (Mg
2+

), potassium (K
+
) and sodium (Na

+
), and 

anions such as sulfate (SO4
2-

), chloride (Cl
-
), carbonate (CO3

-2
) and bicarbonate 

(HCO3
-
), which collectively are called soluble salts (Melese and Gemechu, 2010). In 

MelkaSadi state farm and WARC profiles the anionic preponderance is in the order 

Cl
-
> HCO3

-
> SO4 = and Cl

-
> SO4 = > HCO3

-
, respectively under salt affected soil. 

Naher et al. (2011) reported that the SAR of a soil extract gives an indication of the 

level of exchangeable Na+ in comparison with that of Ca+ and Mg+ in soil. The SAR 

values vary from 1.72-2.22 at Asasuni upazila in Satkhira district and 1.94 to 3.33 at 

Kalapara upazila in Patuakhali district of Bangladesh. The SAR values of these areas 

are acceptable (<10). 

Melese and Gemechu (2010) reported that generally, result it could be concluded that 

chloride salts of sodium and calcium and magnesium could be highly soluble salts 

that contribute for the formation of salt in the soils. The Sodium absorption ratio 

defines sodicity in terms of the relative concentration of sodium (Na) compared to the 

sum of calcium (Ca) and magnesium (Mg) ions in a sample. 

Gedion (2009) reported that the same manual shows the degree to which this reaction 

takes place may depend on the properties of calcium and magnesium to sodium in the 

soil solution that comes in contact with the colloidal soil particles, as well as with the 

total concentration of these elements. Sodium absorption ratio value tends to be 

higher at lower depths in saline and saline-sodic soils because of ground water septic 

tanker of soluble salt. 
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Pearson and Bauder (2003) reported that the soil clay particles have negative 

electrical charge attracting a large number of cations. The zone surrounding the 

cations at the negative charges on soil particles is termed "diffuse double layer." The 

concentration of cations is high within the diffuse double layer close to the surface of 

the clay particles, and decreases with distance. Clay particles are subject to forces that 

can move them together (aggregation) or apart (dispersion). 

Qureshi and Barrett-Lennard (1998) reported that in non-sodic soils, the accumulation 

of salts can affect soil physical properties by causing fine particles to bind together 

into aggregates. This process is known as flocculation and is beneficial in terms of 

soil aeration (due to aggregate stabilization when wet), hydraulic conductivity 

(because soil pores remain open and water readily infiltrates into the soil) and root 

growth. Dispersion of clay particles occurs when diffuse double layer is distorted by 

large size of hydrated ions, or due to electrostatic repulsion. 

Shainberg (1992) found that the reduction of thickness of diffuse double layer can 

maintain the clay particles close to each other. When dissolved in water, Na+ ions are 

larger in size than K
+
, and Mg

2+
 is larger than Ca

2+
. Compared to small cations, large 

cations in the diffuse double layer push clay particles apart. Gupta and Verma (1983); 

Rengasamy et al. (2003) reported that the structure of the soil is therefore degraded 

due to a high degree of clay dispersion. 

Rengasamy et al. (1984) found that the saline soils tend to have sodium adsorption 

ratios (SAR) less than 13 in their saturation extract and exchangeable sodium 

percentage (ESP) lower than 15. Sodic soils have SAR greater than 13 in their 

saturation extract and EC values less than 4 dS m
-1

. 

Richards (1954) reported that the sodicity may also be expressed as sodium 

adsorption ratio (SAR), which is the concentration of Na+ relative to other cations in 

soil solution. SAR is approximately equivalent to ESP for saturation extracts, and 

approximately half the value of ESP for 1:5 soils: water extracts. 
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CHAPTER III 

MATERIALS AND METHODS 

3.1. Study area 

A field survey was carried out at Babuganj, Bakerganj and Gournadi upazilas in 

Barisal district and Kalapara is an upazila of  Patuakhali  district in Barisal Division in 

Bangladesh. Babuganj is located at 22.8319°N 90.3222°E. Bakerganj at 22.5500°N 

90.3389°E. Gournadi at 22.9736°N 90.2306°E. Kalapara at 21.98610N 90.24220E. 

  

 
 

Figure  2. Study areas at Babuganj, Bakerganj and Gournadi upazilas in Barisal district and 

Kalapara upazila in Patuakhali district of Bangladesh 
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3.2. Environmental characteristics 

3.2.1. Geology and morphology 

Bangladesh has a wide range of agro ecological environment due to climate change, 

physiography, soil and hydrology. The country has a very flat and low topography 

except in the northeast and southeast regions. About 10% of land is hardly in above 

the mean sea level (msl) and one-third is under tidal excursions. Salt affected soils in 

Bangladesh occur in the coastal districts of Khulna, Barisal, Patuakhali, Noakhali, 

Chittagong and Satkhira. Topographically all these areas are low lying and have 

elevations mostly less than 8 m above the mean sea level.  

Table 1. Different land types of the studied saline areas of Bangladesh 

 

Locations 

 

High land Medium 

high land 

Medium 

Low land 

Low land Very low 

land 

Hectare 

Babuganj 1360 14248 0 0 0 

Bakerganj 3240 39596 0 0 0 

Gournadi 2518 15316 0 0 0 

Kalapara 2188 37827 0 0 0 

Source: salinity problems and crop intensification in the coastal regions of Bangladesh 

(BARC) 1990 
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Table 2. Agro ecological regions occurring in the studied saline zonesof 

Bangladesh 

Locations AEZ Region AEZ Sub 

Region 

Main Soil Main Soil General 

Type 

Babuganj Ganges Tidal 

Flood Plain 

Saline, Non 

calcareous 

Loamy,  

Clayey 

Calcareous Alluvium, 

Non Calcareous Grey 

Flood Plain 

Bakerganj Ganges Tidal 

Flood Plain 

Saline, Non 

calcareous 

Loamy,  

Clayey 

Calcareous Alluvium, 

Non Calcareous Grey 

Flood Plain 

Gournadi Ganges Tidal 

Flood Plain 

Saline, Non 

calcareous 

Loamy,  

Clayey 

Calcareous Alluvium, 

Non Calcareous Grey 

Flood Plain 

Kalapara Ganges Tidal 

Flood Plain 

Saline, Non 

calcareous 

Loamy, 

Clayey 

Calcareous Alluvium, 

Non Calcareous Grey 

Flood Plain 

Source: salinity problems and crop intensification in the coastal regions of Bangladesh 

(BARC) 1990 

3.2.2. Soil Salinity 

Mainly four categories of salinity existing in the coastal saline areas and the range is 

from S1 to S4. The highest area is under S2 category at Kalapara, and S1 also at 

Kalapara. Soil occurring in the coastal areas of Bangladesh shows a wide variation in 

salinity. Seasonal fluctuation in salinity is also usually very large except for the recent 

coastal plain areas. Soils are grouped according to salinity classes as in Table 3. They 

are slightly to moderately saline but during dry season increase in salinity. 
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Table 3. Distribution and extent of different categories of soil salinity in the 

studied saline areas of Bangladesh 

Locations Total 

Area 

(ha) 

Total 

Saline 

Area 

(ha) 

Percent 

of 

Saline 

Area 

                     Salinity Categories 

S1 S2 S3 S4 

2.1-4 

(ds/m) 

4.1-8 

(ds/m) 

8.1-15 

(ds/m) 

>15 

(ds/m) 

Slightly 

Saline 

Moderately 

Saline 

Saline Strongly 

Saline 

                                ( Hectares) 

Babuganj 15,247 1470 10 1030 370 70 0 

Bakerganj 40,496 3350 9 3080 770 0 0 

Gournadi 14,417 2410 17 1930 480 0 0 

Kalapara 47,194 34,730 75 4770 10680 7240 7970 

Source: Soil salinity in Bangladesh (SRDI) 2010 

3.2.3. Agroclimate 

Rainfall, wind velocity, relative humidity, evaporation and maximum and minimum 

temperature data of the study areas (Babuganj, Bakerganj, Gournadi and Kalapara 

upazila under Barisal and Patuakhali district during the period from July to September 

2016) are reported in appendix-1 and appendix-2. Maximum and minimum air 

temperatures vary from 30.6
0
 C to 25.2

0
 C. During the monsoon more than 90% of the 

total precipitation takes place. Total average rainfall is estimated to be maximum 

2618 mm at Patuakhali and minimum 2188 mm at Barisal district annually.  

3.3. Soils Used 

The soil survey was conducted during July-September, 2016. Soil samples were 

collected from 30 sites at 0.5 km distance and 0-50 cm, 50-100 cm depth by auger. 

Soil sampling was done by random sampling method. The soil samples were dried at 

room temperature, crushed, mixed thoroughly, sieved with 2mm sieve and preserved 

in plastic bags for subsequent laboratory analyses. 

3.3.1. Analytical Procedures 

Particle-size analysis was carried out by the hydrometer method as outlined by 

Bouyoucos, (1927). The textural classes were then determined by plotting the results 
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on a triangular diagram designed by Marshall, (1947) following the U.S. Department 

of Agriculture classification system. The pH was determined by a glass-electrode pH 

meter in the soil suspension having a soil: water ratio of 1:2.5, after 30-min shaking. 

The electrical conductivity (EC) was measured by an EC meter in the soil suspension 

having a soil: water ratio of 1:5, after 30-min shaking. The organic carbon content 

was determined by the wet oxidation method as outlined by Nelson et al., (1982) and 

the organic matter content was calculated by multiplying the organic carbon content 

with a conventional factor of 1.724. The total nitrogen content was determined by the 

micro-Kjeldhal digestion method. Digestion was made with concentrated H2SO4 with 

addition of catalyst mixture (K2SOkuSO4 5H20: Se in the ratio of 10:1:0.1). Nitrogen 

in the digest was estimated by distillation with 40% Na011 followed by titration of the 

distillate trapped in the H3B03 solution against 0.005M H2SO4 (Bremner and 

Mulvaney, 1982). 

Cation exchange capacity (CEC) was determined by the sodium saturation method as 

described by, Chapman, (1965).Exchangeable calcium, sodium and potassium were 

extracted from soil using 1 M CH3COONH4 and their concentrations in the extract 

were directly determined by a flame photometer. Exchangeable magnesium was 

extracted by Diethylene Triamine Penta Acitate (DTPA) solution and its 

concentration in the extract was determined directly by an atomic absorption 

spectrophotometer (AAS). Water soluble ion Cl
- 
was determined by 0.01N AgNO3 

titration method and SO4
=
 determined by turbidimetric method. 

Exchangeable Sodium Percentage (ESP) and Sodium Adsorption Ratio (SAR) were 

determined by- 

ESP= 
Exchangeable Na

+
 

x  100 

CEC 

SAR=  ( sodium
+
 /calcium

+
 + magnesium

+
)/2)

1/2
 

3.3.2 Data analysis 

Collected data were processed and analyzed by using SPSS-16.0 version software and 

MS excel 2007. Pearson
’
s product moment correlation coefficient was computed to 

explore the correlation matrix. 
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CHAPTER IV 

RESULTS AND DISCUSSION 

Salinity has an adverse effect on soil physical and chemical properties. Saline soil contains 

an excess of soluble salts, especially sodium chloride. The proportions of cations and 

anions in the natural soil water solution are a function of soil type. The physico-chemical 

properties and salt characteristics of the soils of Babuganj, Bakerganj, Gournadi and 

Kalapara regions under this study are below: 

4.1. Soil physico-chemical properties: 

4.1.1 Particle size distribution 

Data on the particle-size distribution and the USDA (United States Department of 

Agriculture) textural class of the soils of studied areas are presented in the Table 4 

indicated that soils of Ganges tidal floodplain, silt and clay are the dominant fractions. The 

dominant soil textural classes that occur in the saline areas of these regions are silty clay. 

Clay varies from 37%-41% at Babuganj, 38% at Bkaerganj, 37%-39% at Gournadi, 37%-

39% at Kalapara and silt from 50%-53% at Babuganj, 52%¬53% at Bakerganj, 52%-53% 

at Gournadi and 51%-52% at Kalapara respectively in different depths. The clay and silt 

contents were increased with depth at Babuganj, Gournadi and Kalapara while, sand 

content was decreased a phenomenon Essoka  and Esu, (2001) reported that clay migration 

by lessivage to produce the process of illuviation. Naher et al. (2011) found the same 

result at Satkhira and Kalapara of Bangladesh. 

Table 4. Physical properties of different soils in studied areas of Bangladesh 

Locations Depth (cm) 
Particle size distribution (%) 

Texture 
Sand Silt Clay 

Babuganj 
0-50 10 53 37 Silty clay 

50-100 9 50 41 Silty clay 

Bakerganj 
0-50 10 52 38 Silty clay 

50-100 9 53 38 Silty clay 

Gournadi 
0-50 10 53 37 Silty clay 

50-100 9 52 39 Silty clay 

Kalapara 
0-50 12 51 37 Silty clay 

50-100 9 52 39 Siltycaly 
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4.2. Chemical properties 

4.2.1. Soil reaction 

(Table 5) The pH value of the topsoil at Babuganj ranged from 7.4-7.7 in 50-100 cm depth. 

pH ranged from 7.6-7.9 according to USDA which is moderately alkaline. At Bakerganj, the 

pH values in 0-50 cm depth were 7.4-7.5 in 50-100 cm depth. pH ranged from 7.5- 7.8 

which is slightly alkaline. At Gournadi, the pH values in 0-50 cm depth were 8.0-8.2 in 50-

100 cm depth. pH ranged from 8.2- 8.8 which is strongly alkaline. At Kalapara, the pH 

values in 0-50 cm depth were 5.90 to 6.20 which is slightly acidic and in 50-100 cm depth in 

this area the pH ranged from 6.44 to 7.2 which are neutral. In most of the soils pH value of 

the surface horizon was slightly lower than those of the subsoil and sub stratums. In most of 

the soils, pH increased with depth which is similar to the report published by SRDI, 2000 in 

Borguna district of Bangladesh. The higher pH values of the soils are likely micronutrient 

deficiency and Phosphate fixation problem. According to Tamhane et al. (1970) most of the 

soil nutrients were available to plants in a pH range from 6.5 to 7.5. The availability of most 

micronutrients depends on the pH of the soil solution as well as the nature of binding sites 

on organic and inorganic particle surfaces. In saline and sodic soils, the solubility of 

micronutrients (e.g. Cu, Fe, Mn, Mo and Zn) is particularly low, and plants grown in these 

soils often experience deficiencies in these elements (Page et al., 1990) but not in all cases. 

 

Figure 3. pH values of Babuganj, Bakerganj, Gournadi and Kalapara at different depth 

Bakerganj Babuganj Gournadi Kalapara

Depth 0-50 soil pH 7.42 7.47 8.15 7.80

Depth 50-100 soil pH 7.62 7.73 8.53 8.10
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4.2.2. Total nitrogen  

The total nitrogen content of the topsoil was generally low to occasionally high ranging 

from 0.06 to 0.09% at Babugnaj and Bakerganj, 0.09 to 0.1% at Gournadi and 0.07 to 

0.09% at Kalapara. The total nitrogen content of the soil from Babuganj and Bakerganj 

were low to very low level than that of the soils from Gournadi and Kalapara according to 

the grading of (BARC, 1997). Nitrogen content of the surface horizon was higher than that 

of subsoil. In almost all the layers, total nitrogen content decreased with depth. The poor 

nitrogen status of salt affected soil was due to high rates of decomposition of organic 

matter and inadequate application of organic matter in terms of manure, compost etc. and 

high volatilization of ammonium nitrogen. Naher et al. (2011); Portch and Islam, (1984) 

also found that 100% of the soils were deficient in available nitrogen, which was similar to 

the present findings. 

4.2.3. Cation exchange capacity (CEC) 

Cation Exchange Capacity (CEC) of soils at different horizons varies from 13.2 to 

21.8meq/100 gm soil at Babuganj16.6 to 20.8 meq/100 gm soil at Bakerganj14.8 to 21.3 

meq/100 gm soil at Gournadi and 12.8 to 21.0 meq/100 gm soil at Kalapara. CEC of all 

this soils varies from 12.8 to 21.0 meq/100 gm soil expressing medium to high status 

according to the (BARC, 2012). The CEC values of these soils denoted the comparatively 

high chemical activity of soil. (Aweke, 2005) in his research result on major soils of some 

dry land areas of north-east Ethiopia, stated that the highest CEC value (56.70 cmolc kg
-1

) 

was recorded in the surface layer of Kobo EutricVertisols and can be considered very high 

for tropical soils. Naher et al. (2011) found 12.8 to 27.2 meq/100 gm soil and 12.8 to 21.0 

meq/100 gm soil in Satkhira and Kalapara upazila respectively. 
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Figure 4. CEC values of Babuganj, Bakerganj, Gournadi and Kalapara at different depths 

 

4.2.4. Organic Matter (OM) 

Top soil organic status in all the horizons ranged from medium to high at Asasuni 

according to the grading of BARC, (1997). From the Table 5 and table 6 organic matter 

range was 1.0 to 1.12% at Babuganj and Bakerganj and Table 7 and table 8 it is seen that 

this range was  1.02 to 1.12% at Gournadi and 0.09 to 1.89% at Kalapara. Top soil organic 

matter content in almost all the soils collected from Kalapara were found very low mainly 

due to the lower topographic position of the soils. Organic matter content gradually 

decreases with depth may be due to the presence of buried mineral and organic horizons. 

Karim et al. (1990) found that the organic matter content ranged between 0.10 to 1.00 and 

1.15 to 2.27% in two salt affected soils of Bangladesh. SRDI (1993) reported that the 

organic carbon values varied from 0.40 to 2.54% in the salt affected Rupsa Thana Soil of 

Khulna District. Naher et al. (2011) and Anwar (1993) found that the organic carbon 

percentage ranged between 0.51 to 0.64 in two salt affected areas of Patuakhali and 

Barguna Districts of Bangladesh and the high value was obtained at surface soil. 
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Figure 5. Organic matter (%) of Babuganj, Bakerganj, Gournadi and Kalapara at different 

depths 

Table 5. Physico-Chemical properties of soil collected from Babuganj 

Location Sample 

No. 

Soil layer 

depth (cm) 

p
H 

Total  

N (%) 

CEC 

meq/100 mg 

soil 

Organic 

matter (%) 

 

 

Babuganj 

 

1 0-50 7.40 0.08 13.20 1.12 

50-100 7.80 0.07 18.20 0.63 

2 0-50 7.70 0.09 14.30 1.02 

50-100 7.90 0.08 21.80 0.60 

3 0-50 7.40 0.07 16.20 1.00 

50-100 7.60 0.06 18.20 0.60 

Average 7.63 0.08 16.98 0.83 

STD 0.21 0.01 3.10 0.24 

CV (%) 2.8 12.5 18.26 28.91 

Average (BARC, 2005; SRDI, 2000) 5.6- 8.4 0.27-0.36 7.6-15 1.8-3.4 

Bakerganj Babuganj Gournadi Kalapara

Depth 0-50 soil OM 1.05 1.03 1.03 1.6

Depth 50-100 soil OM 0.62 0.69 0.39 0.6
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Table 6. Physico-Chemical properties of soil collected from Bakerganj 

Location Sample 

No. 

Soil layer 

depth (cm) 

p
H 

Total  

N (%) 

CEC meq/ 

100 mg 

soil 

Organic 

matter (%) 

 

 

 

Bakerganj 

 

1 0-50 7.4 0.09 17.2 1.02 

50-100 7.5 0.07 20.8 0.60 

2 0-50 7.4 0.08 16.6 1.12 

50-100 7.8 0.06 19.6 0.63 

3 0-50 7.5 0.09 17.3 1.0 

50-100 7.7 0.08 18.2 0.60 

Average 7.6 0.07 18.28 0.83 

STD 0.16 0.01 1.62 0.24 

CV (%) 2.10 14.28 8.86 28.92 

Average (BARC, 2005; SRDI, 2000) 5.6- 8.4 0.27-0.36 7.6-15 1.8-3.4 

 

Table 7. Physico-Chemical properties of soil collected from Gournadi 

Location Sample 

No. 

Soil layer 

depth (cm) 

p
H 

Total  

N(%) 

CEC 

meq/ 

100 mg 

soil 

Organic 

matter (%) 

 

 

 

Gournadi 

 

1 0-50 8.0 0.10 16.2 1.12 

50-100 8.2 0.16 20.2 0.70 

2 0-50 8.1 0.09 14.8 1.05 

50-100 8.5 0.05 19.6 0.68 

3 0-50 8.2 0.10 17.9 1.02 

50-100 8.8 0.06 21.3 0.73 

Average 8.3 0.09 18.33 0.88 

STD 0.29 0.04 2.49 0.20 

CV (%) 3.49 44.44 13.58 22.73 

Average (BARC, 2005; SRDI, 2000) 5.6- 8.4 0.27-0.36 7.6-15 1.8-3.4 
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Table 8. Physico-Chemical properties of soil collected from Kalapara 

Location Sample 

No. 

Soil layer 

depth (cm) 

p
H 

Total 

N(%) 

CEC meq/ 

100 mg 

soil 

Organic 

Matter (%) 

 

 

 

Kalapara 

 

1 0-50 6.20 0.09 12.8 0.90 

50-100 6.44 0.08 20.80 0.62 

2 0-50 5.92 0.08 12.70 1.87 

50-100 6.49 0.07 20.60 0.58 

3 0-50 5.90 0.09 13.0 1.89 

50-100 7.20 0.08 21.0 0.60 

Average 6.36 0.08 16.82 1.07 

STD 0.48 0.007 4.37 0.63 

CV (%) 7.55 8.75 25.98 58.88 

Average (BARC, 2005; SRDI, 2000) 5.6- 8.4 0.27-0.36 7.6-15 1.8-3.4 

 

4.3. Salt characteristics  

Soils in the saline areas of Bangladesh show a wide variation in salinity. Seasonal 

fluctuation in salinity was also usually very high. The salinity of these areas was slightly 

too moderately saline but during dry season, the salinity increases. The degree of salinity 

varied widely with area and season, depending on the availability of fresh water, intensity 

of tidal flooding and nature of movement of saline ground water. Soil salinity shows an 

upward trend in February and reaches a maximum level in April- May (Panaullah, 1993). 

The amount of accumulated salt is found higher at the surface horizon. It decreases with 

depth and then increases again. Soil salinity usually referred to in terms of ECe (in units of 

dSm
-1

) and this value can be used to predict soil structure stability in relation to irrigation 

water quality and the sodium adsorption ratio. Electrical conductivity of almost all the 

soils decreased with depth and then increased again due to influence of saline ground 

water. The higher ECe value found at the surface horizon followed by decrease with depth 

can be attributed to flooding with saline water or accumulation of salts through upward 

capillary movement of saline ground water. 
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Figure 6. EC values of Babuganj, Bakerganj, Gournadi and Kalapara at different depths 

 

Soil salinity of different horizons normally ranged from 1.05 to 1.23dS/m at Babuganj, 

1.31 to 1.42 dS/m at Bakerganj which is non saline. But at Gournadi it was 1.78 to 2.68 

dS/m which denotes very slightly saline according to Bookess Tropical Soil Mannal, 1991. 

At Kalapara the ECe ranged from 4.1 to 6.6dS/m which is under slightly saline. It means 

that the totat salt content in this soil is 0.15-0.35%. Zaman and Bakri (2003) reported that 

Bangladesh has 3 million hectares of land affected by salinity, mainly in the coastal and 

south-east districts, with ECe values ranging between 4 and 16 dS/m. high salinity levels 

may cause soil inorganic fractions to coagulate but the concentration of salt may cause the 

organic colloids to disperse and drain from the soil profile. Saline seeps are often colored 

with dispersed organic colloids (Leeper and Uren, 1993). 
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Table 9. Salt characteristics of soil of Babuganj, Bakergang, Gournadi and Kalapara 

Locations 
Depth 

cm 

EC 

dS/m 

CEC 

meq/100g 
Exchangeable 

Cationsmeq/100g 

Watersoluble 

ions meq/L 
ESP SAR 

Babuganj 
 Na K Ca Mg Cl

-
 SO4  

0-50 1.23 14.6 1.25 0.68 5.78 4.42 2.10 3.20 7.88 1.52 

50-00 1.05 19.7 2.1 1 10.5 7.3 2.30 3.50 10.82 1.93 

Bakerganj 
0-50 1.42 15.8 1.2 0.7 6.1 3.98 1.7 3.70 8.21 1.44 

50-00 1.31 19.4 2.3 1.35 9.98 7.7 1.9 3.90 11.64 1.99 

Gournadi 
0-50 2.68 14.4 1.63 0.67 6.53 4.38 1.8 3.60 10.99 1.52 

50-00 1.71 20.9 2.15 1 10.63 7.48 2.1 4.10 10.28 1.95 

Kalapara 
0-50 6.6 12.8 1.67 0.57 6.73 4.47 1.5 3.50 13.05 1.94 

50-00 4.1 20.8 2.20 1.10 10.75 7.75 1.6 3.80 10.58 2.32 
 

 

4.3.1. Exchangeable sodium content 

The exchangeable sodium contents of the soils of Babuganj, Bakerganj, Gournadi and 

Kalapara at different soil depths have been presented in Table-9. It was observed that the 

exchangeable sodium content for Babuganj varied from 1.25 to 2.1meq/100 gm soils,1.2 

to 2.3 meq/100 gm soils at Bakerganj, 1.63 to 2.15meq/100 gm soils at Gournadi and 

Kalapara varied from 1.67 to 2.2 meq/100 gm soils. When sodium salts reach at high 

levels the soils may disperse and the soil pores become blocked with the subsequent 

capture of the colloids (Robert, 2006). Such physical blocking of the soil pores cannot be 

reversed chemically and the permeability of the effluent application area will be reduced 

(Rengasamy and Olsson, 1993). Basically, attractive forces which bind clay particles 

together are disrupted when too many sodium ions get between the clay particles. When 

such separation occurs, repulsive forces begin to dominate, and the soil disperses (Hanson 

el al., 1999; Buckman and Brady, 1967; Frenkel et al., 1978; Saskatchewan, 1987; 

Western Fertilizer Handbook, 1995). Dispersion of clay particles causes plugging of soil 

pores. Upon repeated wetting and drying and associated dispersion, soils reform and 

solidify into an almost cement-like soil with little or no structure, depending on the sodium 

concentration and clay type (Frenkel et al., 1978; Buckman and Brady, 1967; Hanson et 

al., 1999; Henderson, 1981; Miller and Donahue, 1995; Saskatchewan, 1987). 
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4.3.2. Exchangeable potassium content  

The exchangeable potassium content of the soils of Babuganj, Bakerganj, Gournadi and 

Kalapara varied mainly based on the clay content. At Babuganj this range was 0.68 to 1.0 

meq/100gm soil, 0.7 to 1.35meq/100 gm soil at Bakerganj, 0.67 to 1.0 meq/100 gm soil at 

Gournadi and at Kalapara it was 0.57 to 1.10 meq/100gm soil. All of these ranges were 

very high. Naher et. al. (2011) found that the exchangeable potassium content of the soils 

of Asasuni ranged from 0.45 to 1.45 meq/100gm soil and at Kalapara it was 0.57 to 1.10 

meq/100gm soil. 

4.3.3. Exchangeable calcium content 

The exchangeable calcium contents of the soils for Babuganj were 5.78 to 10.5meq/100gm 

soil, and 6.1 to 9.98 meq/100 gm soil at Bakerganj, 6.53 to 10.63 meq/100 gm soils at 

Gournadi and for Kalapara, ranged from 6.73 to 10.75 meq/100gm soil. It is seen that the 

exchangeable calcium content at Babuganj, Bakerganj and Gournadiis medium to very 

high, and at Kalapara, the range is high to very high. The simillar results showed at 

Asasuni was medium to very high, and at Kalapara, the range was high to very high 

(BARC, 2005) and Naher et al. (2011). 

4.3.4. Exchangeable magnesium content 

Exchangeable magnesium content of these areas was in the very high level (Table 9). At 

Babuganj this range was 4.42 to 7.3 meq/100gm soil, 3.98 to 7.7 meq/100 gm soil at 

Bakerganj, 4.38 to 7.48 meq/100 gm soil at Gournadi and at Kalapara it was ranged from 

4.47 to 7.85 meq/ 100gm soil. Naher et. al. (2011) found that the Exchangeable 

magnesium content of Asasuni ranged from 4.0 to 6.0 meq/100gmsoil and from 4.47 to 

7.85 meq/ 100gm soil at Kalapara. 

4.3.5. Water soluble ions 

From the Table 9it was shown that the water soluble ions Cl
-
and SO4

=
 was ranged from 

2.10 to 2.30 meq/L and 3.20 to 3.50 meq/L at Babuganj, 1.7 to 1.9 meq/L and 3.70 to 3.90 

meq/L at Bakerganj, 1.8 to 2.10 meq/L and 3.60 to 4.10 meq/L at Gournadi and 1.5 to 1.6  

meq/L and 3.50 to 3.80 meq/L at Kalapara. The amount of accumulated salt is found 

higher at the surface horizon. It decreases with depth and then increases again. The 

physical separation of soil particles results in sufficient distance between individual soil 
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particles such that repulsive forces between like molecules exceed bonding forces and 

dispersion occurs. Naher et al. (2011) found the same result at Asasuni and Kalapara 

upazila respectively. 

4.4. Correlation matrix 

The correlation matrix for physical and chemical properties determined in the present 

study of Babuganj is given in the Table 10. It was found that the clay content was the most 

fundamental property to control chemical properties of soils at Babuganj. Organic matter 

showed significant negative relationship with CEC. Exchangeable Na, K, Ca and Mg 

showed mostly significant negative relationship with OM. Exchangeable Ca Showed 

significant positive relationship with pH and mostly significant positive relationship with 

Exchangeable K Mg. Naher et al. (2011) found the same result at Kalapara and Asasuni. 

10. Correlation matrix between soil physical and chemical properties of Babuganj 

 

Clay pH N CEC OM EC Ex Na Ex k EX Ca Ex Mg

Clay 1

pH 0.411 1

N 0.135 0.185 1

CEC -0.159 0.727 -0.341 1

OM -0.186 -0.724 0.53 -.893* 1

EC .930** 0.465 -0.2 0.087 -0.458 1

Ex Na 0.589 0.732 -0.221 0.488 -0.729 0.732 1

Ex K 0.189 0.59 -0.652 .835* -.964** 0.489 0.606 1

Ex Ca 0.256 0.724 -0.496 .857* -.984** 0.502 0.679 .968** 1

Ex Mg 0.295 0.7 -0.531 .826* -.983** 0.547 0.703 .973** .997** 1

 

Remarks = ** and * mean correlation significant at the 0.01 and 0.05 levels, respectively (2-tailed). Clay: 

clay percentage, N: total N content, CEC: cation exchange capacity, OM: organic matter content, Ec: 

electrical conductivity, Ex Na: exchangeable Na content, Ex K: exchangeable K content, Ex Ca: 

exchangeable Ca content, Ex Mg: exchangeable Mg content. 

 

The correlation matrix for physical and chemical properties determined in the present 

study of Bakerganj is given in the Table 11. It was found that the clay content was the 

most fundamental property to control chemical properties of soils at Bakerganj. OM 

showed significant positive relationship with Clay and N and significant negative 

relationship with pH and CEC. Electrical Conductivity (EC) showed significant positive 

relationship with OM and significant negative relationship with pH. Exchangeable Na, K, 
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Ca, Mg showed significant negative relationship with OM. Naher et al. (2011) found the 

same result at Kalapara and Asasuni. 

11. Correlation matrix between soil physical and chemical properties of Bakerganj 

Clay pH N CEC OM EC Ex Na Ex k EX Ca Ex Mg

Clay 1

pH -0.43 1

N 0.363 -0.677 1

CEC -0.525 0.494 -0.764 1

OM 0.769 -0.769 0.696 -.859* 1

EC 0.309 -0.692 0.373 -0.682 0.774 1

Ex Na -0.703 .856* -.866* 0.79 -.934** -0.608 1

Ex K -0.66 .828* -.908* .820* -.917* -0.585 .995** 1

Ex Ca -0.682 0.798 -0.808 .884* -.982** -0.744 .964** .961** 1

Ex Mg -0.792 0.746 -0.797 .857* -.975** -0.63 .971** .964** .982** 1

 

Remarks = ** and * mean correlation significant at the 0.01 and 0.05 levels, respectively (2-tailed). Clay: 

clay percentage, N: total N content, CEC: cation exchange capacity, OM: organic matter content, Ec: 

electrical conductivity, Ex Na: exchangeable Na content, Ex K: exchangeable K content, Ex Ca: 

exchangeable Ca content, Ex Mg: exchangeable Mg content. 

 

The correlation matrix for physical and chemical properties determined in the present 

study of Gournadi is given in the Table 12. It was found that the clay content was the most 

fundamental property to control chemical properties of soils at Gournadi. CEC showed 

significant positive relationship with Clay and pH and OM showed significant negative 

relationship with clay and CEC. Exchangeable Na, K, Ca and Mg showed significant 

negative relationship with OM. 

12. Correlation matrix between soil physical and chemical properties of Gournadi 

 

Clay pH N CEC OM EC Ex Na Ex k EX Ca Ex Mg

Clay 1

pH 0.62 1

N -0.005 -0.564 1

CEC 0.692 0.795 -0.42 1

OM -0.656 -0.73 0.579 -.883* 1

EC -0.53 -0.474 -0.025 -.849* 0.65 1

Ex Na .822* 0.642 -0.266 0.79 -.921** -0.65 1

Ex K 0.8 .880* -0.506 .826* -.917** -0.525 .914* 1

Ex Ca 0.733 0.721 -0.451 .862* -.984** -0.672 .973** .938** 1

Ex Mg .829* 0.693 -0.405 .859* -.960** -0.641 .973** .934** .978** 1
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Remarks = ** and * mean correlation significant at the 0.01 and 0.05 levels, respectively (2-tailed). Clay: 

clay percentage, N: total N content, CEC: cation exchange capacity, OM: organic matter content, Ec: 

electrical conductivity, Ex Na: exchangeable Na content, Ex K: exchangeable K content, Ex Ca: 

exchangeable Ca content, Ex Mg: exchangeable Mg content 

The correlation matrix for physical and chemical properties determined in the present 

study of Kalapara is given in the Table 13. It was found that the clay content was the most 

fundamental property to control chemical properties of soils at Kalapara. OM showed 

significant negative relationship with pH and CEC. Exchangeable Na, K, Ca and Mg 

showed significant positive relationship with OM. 

13. Correlation matrix between soil physical and chemical properties of Kalapara 

Clay pH N CEC OM EC Ex Na Ex k EX Ca Ex Mg

Clay 1

pH -0.766 1

N 0.188 -0.413 1

CEC -0.531 .812* -0.707 1

OM 0.576 -0.785 0.476 -.821* 1

EC -0.519 0.13 0.005 0.075 0.279 1

Ex Na -0.465 .868* -0.695 .964** -0.801 -0.038 1

Ex K 0.089 -0.189 -0.404 0.382 -0.133 0.179 0.167 1

Ex Ca -0.542 .868* -0.592 .982** -0.811 0.07 .974** 0.264 1

Ex Mg -0.539 0.726 -0.71 .981** -.822* 0.102 .896* 0.52 .936** 1

 

Remarks = ** and * mean correlation significant at the 0.01 and 0.05 levels, respectively (2-tailed). Clay: 

clay percentage, N: total N content, CEC: cation exchange capacity, OM: organic matter content, Ec: 

electrical conductivity, Ex Na: exchangeable Na content, Ex K: exchangeable K content, Ex Ca: 

exchangeable Ca content, Ex Mg: exchangeable Mg content. 
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4.5. Exchangeable Sodium Percentage (ESP) 

Exchangeable Sodium Percentage has been used as a parameter for assessing the severity 

of salinity problem. The sodium hazard is expressed as ESP. It ranged from 7.88% to 

10.82% at Babuganj, 8.21% to 11.64% at Bakerganj,10.28% to 10.99% at Gournadi and 

9.55% to 13.05% at Kalapara which were intermediate but acceptable is (< 10%). In sodic 

soil, aggregate stability is reduced due to the increase in exchangeable sodium percentage 

(ESP) (Buckland et al., 2002). 

 

 

Figure 7. ESP of Babuganj, Bakerganj, Gournadi and Kalapara at different depths 
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4.6. Sodium Adsorption Ratio (SAR) 

The sodium hazard is denoted by the sodium adsorption ratio. The SAR of a soil extract 

gives an indication of the level of exchangeable Na
+
 in comparison with those of Ca

+
 and 

Mg
+
 in soil. The SAR value varies from 1.52 to 1.93 at Babuganj, 1.44 t0 1.99 at 

Bakerganj, 1.52 to 1.95 at Gournadi and 1.94 to 3.33 at Kalapara upazila. The saline soils 

tend to have sodium adsorption ratios (SAR) less than 13 in their saturation extract and 

exchangeable sodium percentage (ESP) lower than 15. Sodic soils have SAR greater than 

13 in their saturation extract and EC values less than 4 dS m
-1

(Rengasamy et al., 1984). 

The SAR values of these areas are acceptable (<10) during the study period. 

 

 

Figure 8. SAR (%) of Babuganj, Bakerganj, Gournadi and Kalapara at different depths 
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CHAPTER V 

SUMMARY AND CONCLUSION 

A field survey was carried out at Babuganj, Bakerganj and Gournadi upazilas in 

Barisal district and Kalapara upazila of  Patuakhali  district in Barisal Division  in 

Bangladesh.  

It was found that there are mainly four categories of salinity existing in the coastal 

saline areas and the range is from S1 to S4. The highest area is under S2 category and 

S1 at Kalapara. Soil occurring in the coastal areas of Bangladesh shows a wide 

variation in salinity. 

From the data on the particle-size distribution and the USDA textural class of the soils 

it was found that Clay varies from 37%-41% at Babuganj, 38% at Bkaerganj, 37%-

39% at Gournadi, 37%-39% at Kalapara and silt from 50%-53% at Babuganj, 

52%¬53% at Bakerganj, 52%-53% at Gournadi and 51%-52% at Kalapara 

respectively at different horizons. The dominant soil textural classes that occur in the 

saline areas of these regions are silty clay. The clay and silt contents were observed to 

increase with depth at Bakerganj and Kalapara while, sand content decreased a 

phenomenon. 

The pH value of the top soil at Babuganj ranged from 7.4-7.7 i.e. the soils were slightly 

alkaline in reaction. In 50-100 cm depth in this area the pH ranged from 7.6- 7.9 which 

is moderately alkaline. At Bakerganj, the pH values in 0-50 cm depth were 7.4-7.5 i.e. 

the soils were slightly alkaline in reaction. In 50-100 cm depth in this area the pH 

ranged from 7.5- 7.8 which is slightly alkaline. At Gournadi, the pH values in 0-50 cm 

depth were 8.0-8.2 i.e. the soils were moderately alkaline in reaction. In 50-100 cm 

depth in this area the pH ranged from 8.2- 8.8 which is strongly alkaline. At Kalapara, 

the pH values in 0-50 cm depth were 5.90 to 6.20 which is slightly acidic. 

Soil salinity of different horizons normally ranged from 1.05 to 1.23 dS/m at 

Babuganj, 1.31 to 1.42 dS/m at Bakerganj, 1.78 to 2.68 dS/m at Gournadi and 3.1 to 

4.0 dS/m at Kalapara. In dry season this ranges become 5 to 10 dS/m at Babuganj, 

Bakerganj, gournadi and Kalapara. 
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Top soil organic status in all the horizons ranged from medium to high at all regions. 

And the range was 1.0 to 1.12% at Babuganj and Bakerganj. 1.02 to 1.12% at 

Gournadi and .09 to 1.89% at Kalapara.  

The total nitrogen content of the topsoil was generally low to occasionally high 

ranging from 0.06 to 0.09% at Babuganj and 0.06 to 0.09% at Bakerganj, 0.09 to 

0.1% at Gournadi and 0.07 to 0.09% at Kalapara. 

Cation exchange capacity of soils of different horizons varies from 13.2 to 21.8 

meq/100 gm soil at Babuganj. 16.6 to 20.8 meq/100 gm soil at Bakerganj.14.8 to 21.3 

meq/100 gm soil at Gournadi and 12.8 to 21.0 meq/100 gm soil at Kalapara. CEC of 

all this soils varies from 12.8 to 21.0 meq/100 gm soil expressing medium to high 

status. 

The exchangeable sodium contents of the soils of Babuganj, Bakerganj, Gournadi and 

Kalapara at different soil depths have been presented in Table-2.9, It was observed 

that the exchangeable sodium content for Babuganj varied from 1.25 to 2.1 meq/100 

gm soils,1.2 to 2.3 meq/100 gm soils at Bakerganj, 1.63 to 2.15 meq/100 gm soils at 

Gournadi and for Kalapara it varied from 1.67 to 2.2 meq/100 gm soils.  

The exchangeable potassium content of the soils of Babuganj, Bakerganj, Gournadi 

and Kalapara varied mainly based on the clay content. At Babuganj this range was 

0.68 to 1.0 meq/100gm soil, 0.7 to 1.35 meq/100 gm soil at Bakerganj, 0.67 to 1.0 

meq/100 gmsoil at Gournadi and at Kalapara it was 0.57 to 1.10 meq/100gm soil. 

These ranges were very high in every the areas. 

The exchangeable calcium contents of the soils for Babuganj were 5.78 to 

10.5meq/100gm soil, and 6.1 to 9.98 meq/100 gm soil at Bakerganj, 6.53 to 10.63 

meq/100 gm soils at Gournadi and for Kalapara, it was 6.73 to 10.75 meq/100gm soil. 

Exchangeable magnesium content of the two areas was in the very high level. At 

Babuganj this range was 4.42 to 7.3meq/100gm soil, 3.98 to 7.7 meq/100 gm soil at 

Bakerganj, 4.38 to 7.48 meq/100 gm soil at Gournadi and at Kalapara it ranges from 

4.47 to 7.85 meq/ 100gm soil. 
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The correlation matrix for physical and chemical properties revealed that the clay 

content was the most fundamental property to control chemical properties of soils at 

Babuganj, Bakerganj, Gournadi and Kalapara. Exchangeable Sodium Percentage 

ranged from 7.88% to 10.82% at Babuganj, 8.21% to 11.64% at Bakerganj,10.28% to 

10.99% at Gournadi and 9.55% to 13.05% at Kalapara. All were intermediate but 

acceptable is (< 10%). 

The Sodium Adsorption Ratio (SAR) value varies from 1.52 to 1.93 at Babuganj, 1.44 

t0 1.99 at Bakerganj, 1.52 to 1.95 at Gournadi and 1.94 to 3.33 at Kalaparaupazila. 

The SAR values of these areas are acceptable (<10) during the study period. 
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CONCLUSION 

 

 

Coastal area in Bangladesh constitutes 20% of the country of which about 53% are 

affected by different degree of salinity. The texture of the study areas were silty clay 

soil. In these areas Electrical conductivity (EC) varies from 1.23 dS/m to 6.6 dS/m 

expressing very slightly saline to slightly saline. Cation Exchange Capacity (CEC) of 

all these soils varies from 12.83 to 20.92 meq/100 g soil expressing medium to high 

status. The organic matter content is pretty low to medium to high. The higher pH 

values of the soils are likely to create micronutrient deficiency problem. Hence, soil 

fertility should be improved based on the results obtained in the present study. 
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Appendices 

 

Appendix-I. Monthly average temperature, wind speed, Relative humidity, Total 

rain fall and Evaporation of experimental site during the period 

from July to September 2016 at Barisal district. 

Temperature July August September Annually 

Mean.max(C)  30.3 30.1 30 

Mean.min(C) 25.2 25.5 25.3 

Mean (C) 27.75 27.8 27.65 26.35 

Wind 

speed(Km/h) 

7.1 7.52 3.10  

Humidity(%) 92 86 85 

Rainfall(mm) 458 332 283 2188 

Evaporation(mm) 71.3 64.7 65.8  

Source: Meteorological station, Barisal 

 

Appendix-II. Monthly average temperature, wind speed, Relative humidity, 

Total rain fall and Evaporation of experimental site during the 

period from July to September 2016 at Kalapara. 

Temperature July August September Annually 

Mean.max(C)  30.6 30.3 30 

Mean.min(C) 25.6 25.7 25.6 

Mean (C) 28.1 28 27.8 26.08 

Wind 

speed(Km/h) 

7.3 7.82 3.15  

Humidity(%) 94 88 88 

Rainfall(mm) 575 425 325 2618 

Evaporation(mm) 72.4 65.6 68.7  

Source: Meteorological station, Kalapara 
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Appendix-III. Soil salinity classes on the basis of Electrical conductivity (dS/m) 

 

Soil salinity class  EC (dS/m) Effects on crop plants 

Non-saline  0 – 2 Salinity effects negligible 

Slightly saline  2 – 4 Yields of sensitive crops may be restricted 

Moderately saline  4 – 8 Yields of many crops are restricted 

Strongly saline  8 – 16 Only tolerant crops yield satisfactorily 

Very strongly saline  > 16 Only very tolerant crops yield satisfactorily 

Source: Bookess Tropical Soil Mannal, 1991 

 

Appendix-IV. Classification of land type 

F0 (Highland) Land which is above normal flood-level 

F1 (Medium Highland) Land which is normally flooded up to about 90 cm deep 

during the flood season 

F2 (Medium Lowland) Land which is normally flooded between 90 and 180 cm 

deep during the flood season 

F3 (Lowland) Land which is normally flooded between 180 and 300 cm 

deep during the flood season 

F4 (Very Lowland) Land which is normally flooded deeper than 300 cm deep 

during the flood season 

Source: soil salinity in Bangladesh, 2000 
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Appendix V. Classification of soil on the basis of pH 

Denomination pH range   

Ultra acidic < 3.5  

Extremely acidic 3.5–4.4  

Very strongly acidic 4.5–5.0  

Strongly acidic 5.1–5.5  

Moderately acidic 5.6–6.0  

Slightly acidic 6.1–6.5  

Neutral 6.6–7.3  

Slightly alkaline 7.4–7.8  

Moderately alkaline 7.9–8.4  

Strongly alkaline 8.5–9.0  

Very strongly alkaline > 9.0  

Source: BARC, 2012 

 

Appendix VI. Classification of soil on the basis of Organic Matter (OM)  

Class Range (%) 

Very low  < 1 

low 1.0-1.7 

Medium  1.8-3.4 

High  3.5-5.5 

Very high                  > 5.5 

Source: BARC, 2012 
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Appendix VII. Classification of soil on the basis of CEC 

Class Range (%) 

Very low  < 3 

low 3-7.5 

Medium  7.6-15 

High  16-30 

Very high                  > 30 

Source: BARC, 2012 
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PLATES 

 

 

 

Plate 1. Soil collection from Babuganj, Bakerganj, Gouranadi and Kalapara upazila 
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Plate 2. Analyzing soil sample in SAU soil science laboratory 
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