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ABSTRACT 
 

One of the major environmental issues that have severe adverse effect on sustainable agriculture 
productivity is soil salinization. A research was conducted at Ho-Keta plain in the Volta Region of 
Ghana to assess the extent of degradation of salt-affected agricultural soils. Two soil series, Oyebi 
and Ada in three salt-affected areas within the Lower Volta basin in the Ho-Keta plain were 
selected from Anyako, Anyenui and Atiehife. Soil sampling was done randomly at the depth of 0-30 
cm from the soil sites and transported to the laboratory for analysis and measurement of pH (4.61) 
Calcium (5.60meq/l), Magnesium (3.17meq/l), Sodium (6.95meq/l), Potassium (1.83meq/l) and 
Electrical Conductivity (5.13dS/m) respectively. The mean values of Ca, Mg, Na and K were used 
to estimate Sodium Adsorption Ratio (SAR) and Exchangeable Sodium Percentage (ESP) 
respectively. The mean values of SAR and ESP in the three selected areas were: 43.89, 52.02, 
42.85 and 33.87%, 40.77% and 37.83 5% respectively. The results revealed land degradation in 
the study area as a result of high levels of SAR and ESP leading to low soil chemical properties. 
Further investigation to show the extent and the nature of soils in the study area is highly 
recommended. 
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1. INTRODUCTION 
 

Soil degradation, caused by salinization is a 
major environmental issue that has severe 
adverse effect on sustainable agricultural 
productivity in arid and semi-arid climatic regions. 
This is a phenomenon mainly associated wit
marine or continental origin 
salinization is an increasingly serio
especially in arid and semi-arid regions where 
salt accumulation is heavy owing to high 
evaporation and low precipitation rates [4].
 

In Ghana, about 318,000ha of land has been 
degraded as a result of excess sodium on the 
soil exchange complex and/or soluble salts in the 
soil profile [5]. Salt-affected soils can be grouped 
into saline and sodic soils [1]. Saline soil is 
described as soil with electrical conductivity 
above 4dS/m and usually contains adequate 
soluble salts that adversely affect 
most crops. The soluble salts are mainly 
chlorides and sulphates of sodium, calcium and 
magnesium [6]. Sodic soils are soils with 
exchangeable sodium percentage above 15, with 
sodium salts (Na2CO3) capable of alkaline 

Fig. 1. Location of the study area showing where soils were sampled [17]
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degradation; organic matter. 

Soil degradation, caused by salinization is a 
environmental issue that has severe 

adverse effect on sustainable agricultural 
arid climatic regions. 

This is a phenomenon mainly associated with 
marine or continental origin [1,2,3]. Soil 
salinization is an increasingly serious constraint, 

arid regions where 
salt accumulation is heavy owing to high 
evaporation and low precipitation rates [4]. 

ha of land has been 
degraded as a result of excess sodium on the 

ex and/or soluble salts in the 
affected soils can be grouped 

into saline and sodic soils [1]. Saline soil is 
electrical conductivity 

dS/m and usually contains adequate 
 the growth of 

most crops. The soluble salts are mainly 
chlorides and sulphates of sodium, calcium and 
magnesium [6]. Sodic soils are soils with 
exchangeable sodium percentage above 15, with 

) capable of alkaline 

hydrolysis [6]. These two main groups of salt
affected soils differ physically, chemically, 
biologically, and in their geographical, 
geochemical distribution and, therefore, require 
different approaches for their reclamation and 
agricultural utilization. Although these two group
of soils account for very large proportion of salt
affected soils worldwide, there are also 
transitional groups with intermediate properties 
(Saline-sodic). Common types under the 
transitional groups are acid-sulphate and 
degraded sodic soils [7]. The pu
study was to identify the nature and extent of 
salt-affected soils of the Ho-Keta plain in the 
Volta region of Ghana. 
 

2. MATERIALS AND METHODS 
 

The study area is located in Ho-Keta plain in the 
Volta Region of Ghana. The geographical 
location is between latitudes 5° 44’ 51” and 6° 4’ 
47” N and longitudes 0° 29’ 54” and 1° 4’ 47” E 
(Fig. 1). The general occupations of the 
inhabitants in the area are fishing and farming, 
mainly with cassava, maize and pepper as the 
main crops cultivated [6].  
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The mean annual rainfall for the past 30 years is 
about 1300 mm, accumulated with the long and 
short rains [6]. However, significant variations 
occur from year to year. The study area is bi-
modal rainfall pattern with the highest peaks 
occurring in June and October (Fig. 2).  
 

The mean maximum temperature is 32ºC while 
the mean minimum is 22ºC (Fig. 3). The mean 
annual free water evaporation as recorded using 
Penman-Monteith method is about 1960 mm.  As 
a result of this, the soil is wet throughout the 
year. 
 

The main geo-morphological unit may be 
recognized as Dahomeyan rocks, which are 
believed to be Pre-cambrian in age and form 
bands of acidic and basic gneiss [6]. According 
to [8], the Dahomeyan is superimposed by 

Pleistocene to recent formations of mud, clays 
and gravel. Clay containing crystals of gypsum 
and soluble salts are mostly found in lagoon 
areas. 
 
Vegetation of the study area varies based on soil 
salinity level and soil moisture. The current 
climatic conditions only support the growth of 
tropical grassland. Small and scattered clumps of 
short trees and shrubs can also be seen at the 
fringes of lagoons and rivers in the area [7]. 
These fringes are occupied mainly by mangroves 
(Rhizophora racemosa), isolated patches of 
grasses (especially, Paspalum sp.) and herbs 
(Sesuvium portulacastrum). Cyperus articulates 
and cat-tail (Typha domin-gensis) are sedges 
commonly found in the less brackish parts of the 
lagoons in the area [6]. 

 

 
 

Fig. 2. Rainfall distribution pattern in the study area 
 

 
 

Fig. 3. Temperature distribution of the study area 
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2.1 Description of the Soils 
 
Two soil series in three salt-affected areas within 
the Lower Volta basin in the Ho-Keta plain were 
selected using previous soil survey reports of the 
area as a guide [9,10]. These series were 
selected from areas: Anyako, Anyenui and 
Atiehife.  Anyako has a poorly-drained saline-
sodic soil which is flooded during the wet season. 
It occurs on a nearly level land where slope does 
not exceed 2 percent. The water table drops to 
about 1.3 m from the surface during the dry 
season. When seen in sections, it comprises 
rusty root channels. The second and third 
horizons contain mottled dark yellowish (10 yr 
4/6) clay with weak to moderate medium sub-
angular blocky structure which also contains 
sticky slightly plastic pyrites. The lower horizon is 
light olive brown (2.5 yr 5/4) and (2.5 yr 5/2) and 
brownish yellow (10 yr 5/8). It contains sand and 
has no definite structure. The soil is classified as 
Oyebi series and Gleyic Solonetz respectively 
according to the Ghanaian and World Reference 
Base soil classification system [10,14]. 
 
Soils from Anyenui and Atiehife were poorly 
drained saline-sodic soils developed on alluvial 
deposits. The salt-affected soil at each area is 
essentially flat, and ponding of water could occur 
during period of runoff. The top soil of Anyenui is 
dark brown (10 yr 5/8), with massive clay texture. 
It is crumbly with rusty root channels, cracks and 
deposits of salt crystals on the surface. The 
second horizon contains mottled olive yellow (2.5 
yr 6/8), silty clay and rusty root channels. The 
third horizon which is from 25 to 50 cm is grayish 
brown (2.5 yr 5/2) and contains mottles yellow 
(2.5 yr 8/8) and yellowish brown (10yr 5/8). The 
water table starts from 50 cm. The soil is 
classified as Oyebi series and Gleyic Solonetz 
respectively, according to the Ghanaian and the 
World Reference Base soil classification system 
[10,14]. 
 
The surface horizon of Atiehife soil was very dark 
gray (2.5 yr 3/3) to light brown (2.5 yr 5/2). It has 
moderate to strong fine columnar structure, 
sticky slightly plastic with many fine roots and no 
definite structure. The second and third horizons 
are made of light yellowish brown (2.5 yr 6/3) and 
(2.5 yr 6/4) with mottles (10 yr 5/8) yellowish 
brown. The fourth and fifth horizons are also 
made of mottles (2.5 yr 5/8) with presence of 
pyrites. The last horizon is dark yellowish brown 
(10 yr 3/4) with brownish gray mottles (10 yr 6/2). 
The soil is classified as Ada series and 
Endogypsi-Gleyic Solonchak respectively, 

according to the Ghanaian and the World 
Reference Base soil classification system 
[10,14]. 
 

2.2 Soil Sampling and Analysis 
 
Ten (10) salt-affected soil samples were 
collected randomly at the depth of 0-30cm from 
each of the three selected areas. Samples from 
each soil were put together and a sub-sample 
taken to represent the entire study area. The 
soils sampled were packed into labeled 
polyethylene bags and transported to the 
laboratory for analysis. Na

+
 and K

+
 ions were 

determined by flame photometry and Ca2+, Mg2+, 
HCO3

-
 , CO3

2-
 and SO4

2-
 by titration method [11].  

 

Two different criteria are currently recognized in 
the scientific literature as indices of salinity. 
These are the Sodium Adsorption Ratio (SAR) 
with a reported threshold of 12 and the 
Exchangeable Sodium Percentage (ESP) with a 
reported threshold of 15%. These indices are 
defined below: 
 

2

22 






MgCa
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SAR is sodium adsorption ratio, while Na+, Ca2+ 
and Mg

2+
 are measured soluble cations (meq/l) 

 

100


CEC

Na
ESP

 
 
ESP represents exchangeable sodium 
percentage, CEC represents cation exchange 
capacity and Na+ represents measured 
exchangeable Na (meq/l). 
 

3. RESULTS AND DISCUSSION 
 
The results of the classification of salt affected 
soils and physico-chemical characteristics of the 
soils in the study area are summarised in Tables 
1, 2 and 3. 

  
Table 1. Classification of salt affected soils 

 
Soil types ECsoil (ds/m) ESP (%) 
Non-saline <4 <15 
Saline >4 <15 
Saline-sodic >4 >15 
Sodic <4 >15 

Source:  U. S. Salinity Laboratory Staff (1954) 
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The soil pH ranged from 4.14 to 5.11. Soil pH of 
salt-affected soil is normally high, due to 
increased concentration of basic cations and salt 
in soil solution of arid and semi- arid climatic 
regions [6]. Saline soils present pH values below 
8.5, whilst saline-sodic or sodic soils present pH 
values of 8.5 and above [9]. The low soil pH 
levels in the selected soils could be attributed to 
the high level of sulphate and chloride than 
carbonates. As pH increases, CO3

2- increases. 
This was due to the higher solubility of CO3

2-
 and 

the greater potential of its hydrolysis (Table 2). 
However, SO4

2- concentration decreases as the 
pH increases, because, CaSO4 accumulates 
somewhat between 7 and 8.5 pH values and it 
may react against pH rises in the soil by forming 
H2SO4 [12]. 
 

Soil electrical conductivity (ECsoil) varied from 
4.80 to 5.44 dS/m (Table 2). Soils from Ateihifie 
have high ECsoil values than Anyenui and 
Anyako. Soil electrical conductivity indicates the 
concentration of soluble salt in soil solution [10]. 
Soil salinity (EC) produces osmotic effect and 
often causes physiological drought if it exceeds 
the critical limit for the crop [11].  
 

The soil organic matter (SOM) varied from 1.33 
to 5.01%, and could be described as low 
(<1.50%) to high (>3.00%) respectively. Low 
SOM is an indication of low fertility and high 
fragility of soils. Soil organic carbon contributes 
to soil productivity, due to its ameliorative effect 
on nutrient supply, nutrient retention and the 
improvement in soil structure formation [13]. Soil 
organic carbon increase rapidly at the same rate 
as the solubility, decomposition and accessibility 
of organic matter increase. Carbon input into the 
soil decrease as plant health is adversely 

affected by poor soil physical and chemical 
conditions [14]. In salt- affected soils, increases 
in salt and sodium result in a decrease in soil 
carbon [15]. The sparse vegetation cover of the 
selected sites suggest that plant health was 
adversely affected by the accumulation of salt 
and sodium and could possibly be attributed to 
the low organic carbon content of the soils.   
   
The cation exchange capacity (CEC) also varied 
from 16.1 to 20.75 meq/l of soil. Exchangeable 
Na value was higher than Ca, Mg and K contents 
of the soil. CEC is a measure of the nutrient 
power of the soil. Management practice like 
application of gypsum which reduces salinity is 
recommended [16]. Low pH in these soils could 
also be attributed to the low levels of calcium 
within the profile. The high exchangeable Na+ 
content suggests that more salt was received by 
the soils due to their proximity to the adjoining 
small lagoons. The surface horizon of these soils 
accumulated salt by capillary action, from the 
salty groundwater of nearby lagoons and wind 
deposits from the sea [6]. 
 
Sodium Adsorption Ratio (SAR) of the study area 
ranged with a mean value of 42.88 to 52.04 
(Table 2). Anyenui soil had the highest SAR 
value while Atiehife soils had the least. This 
indicates that the level of sodium in the Anyenui 
area is high (Table 3). Sodium adsorption ratio 
(SAR) is often used to assess the potential of 
excess exchangeable Na

+
 to cause soil structure 

deterioration [17]. High bicarbonate precipitates 
Ca and Mg in the soil as follows [18]: 
 

 

223
2

32 COOHCaCOCaHCO
 

 
Table 2. Chemical properties of the soil in the study area  

 
Soil Depth pH(H2O) ECsoil HCO3

- 
CO3

2- 
SO4

2- 
ESP SAR 

                               dS/m ----------mg/kg----------------   % 
Anyako 0-30 4.14 4.80 0.17 0.21 6.78 33.87 

 

43.89 
Anyenui 0-30 5.11 5.14 0.15 0.19 2.79 40.77 52.04 
Ateihifie 0-30 4.59 5.44 0.19 0.25 4.32 37.83 42.88 
Mean 0-30 4.61 5.13 0.17 0.22 4.63 37.49 46.27 

 
Table 3. Chemical properties of the soil in the study area 

 
Soil Depth Org. M Ca Mg Na K CEC 
                  %  ------------------------- meq/l----------------------------------------- 
Anyako 0-30 1.33  5.98 3.60 6.30 1.79 18.60 
Anyenui 0-30 5.01 6.98 3.60 8.46 2.10 20.75 
Ateihifie 0-30 1.65 3.83 2.30 6.09 1.62 16.10 
Mean 0-30 2.66 5.60 3.17 6.95 1.83 18.48 
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This ultimately leaves high proportion of Na in 
soil. In this content HCO3

- 
in the soil was 

relatively high according to [19] and it was no 
surprise that the levels of SAR and ESP were 
high. The soil of the study area could be 
described as saline-sodic ranging from Anyako to 
Atiehife (Table 1). 
 

4. CONCLUSION 
 
The study revealed land degradation in the study 
area as judged by high levels of SAR and ESP 
leading to low soil chemical properties. From 
above it can be concluded that the levels of 
Calcium and Magnesium are low as compared to 
the level of Sodium in the soil. This indicates that 
calcium carbonate and magnesium carbonate 
are precipitated as a result of the presence of 
bicarbonate in the soil. The fertility level of the 
soil was very low and requires management 
practices that promote accumulation of organic 
matter.  
 
COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 

1. Aubert G. Map of Salty Soils of Africa. 
Office de la Recherche Scientifique et 
Technique Outre-Mer, Bondy, France. 
O.R.S.T.O.M. Fonds Documentaire. 1983; 
No. 3884. Cote B. 

2. Qadir M, Oster JD, Schubert S, Noble AD, 
Sahrawat KL. Phytoremediation of sodic 
and saline-sodic soils. Advances in 
Agronomy. 2007;96:197–247. 

3. Qadir M, Noble AD, Schubert S, Thomas 
RJ, Arslan A. Sodicity-induced land 
degradation and its sustainable 
management: Problems and prospects. 
Land Degradation & Development. 
2006;17:661–676. 

4. FAO Salt-affected soils and their 
management. FAO Soils Bull. 39. FAO, 
Rome, Italy. 1988;131. 

5. Dregne HE. Soils of arid regions. 
International Centre for Arid and semi-arid 
Land Studies, Texas Tech. Univ., Lubbock, 
Texas, USA. Elsevier Scientific Publishing 
Company, 1976: 335 Jan Van Galenstraat, 
P.O.Box 211, Amsterdam, The 
Netherlands. 

6. Allotey DFK, Asiamah RD, Dedzoe CD, 
Nyamekye AL. Physico-chemical 
properties of three salt-affected soils in the 
lower volta basin and management 
strategies for their sustainable utilization. 
West African Journal of Applied Ecology. 
2008;12.  

DOI:10.4314/wajae.v12i1.45776 

7. Anonymous, Ramsar Library: The 
Directory of Wetlands of International 
Importance; 1998: www.ghanaweb.com   

8. Tamakloe EK. Geomorphology of Keta 
Lagoon and its environs. (BA Dissertation). 
University of Ghana; 1966. 

9. Asiamah RD. Report on detailed soil 
survey. Angaw River Basin Irrigation 
Project, Volta Region. Ghana Libya African 
Arab Company, Sogakope, Ghana. 
1984;11-24. 

10. Brammer H. Soils of Ghana. In Agriculture 
and Land Use in Ghana. (Brian Wills, ed.), 
1962;88–126. London, Oxford University 
Press. 

11. Jackson ML. Soil chemical analysis. 
Prentic Hall Inc. Englewood Cliffs, NJ, 
USA. 1967;227-267. 

12. Dewis J, Freitas F. Physical and chemical 
methods of soil and water analysis. FAO. 
Soils Bulletin. 1988;10. 

13. Glaser BG, Lehmam J, Zech W. 
Ameliorating physical and chemical 
properties of highly weathered soil in the 
tropics with charcoal; A review. Biol Fertil 
Soils. 2002;35:219-230. 

14. Wong VNL, Greene RSB, Murphy BW, 
Dalal R, Mann S, Farquhar G. The effects 
of salinity and sodicity on soil organic 
Carbon Stocks and Fluxes; 2006. 

15. Westerman RL, Tucker TC. Effect of salts 
and salts plus nitrogen-15-labeled 
ammonium chloride on mineralization of 
soil nitrogen, nitrification, and 
immobilization. Soil Science Society of 
America Journal. 1974;38(4):602-605. 

16. FAO/IUSS/ISRIC. World Reference Base 
(WRB) for Soil Resources. A framework for 
international classification and 
communication. World Soil Resources. 
2006: Report 103. FAO, Rome. 

17. Fatemeh R, Ali KP, Najafali K. Wheat  
yield and physico-chemical properties of a 
sodic soil from semi-arid area of Iran as 
affected by gypsum. 2013;193-194 (246-
255). 



 
 
 
 

Sackey et al.; CSIJ, 24(3): 1-7, 2018; Article no.CSIJ.30579 
 
 

 
7 
 

18. Michael AM. Irrigation theory                        
and practices. Vikash Publishing House 
Pvt. Ltd., New Delhi, India. 1992;686-         
740. 

19. Grattan SR, Grieve CM. Salinity–mineral 
nutrient relations in horticultural crops. 
Science Horticulturae. 1999;78:127–    
157. 

_________________________________________________________________________________ 
© 2018 Sackey et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
 
 
 

 
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://www.sciencedomain.org/review-history/27026 


