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Beressa is a major perennial river in the North Shewa Zone of Amhara regional state and it takes the northwest ward to join the Jema River, which form the tributary of the Blue Nile around a place known as Sundo
Meskel near the lower side of Abay Bereha. On its natural flow way, the River provides different uses that can
be determined in terms of environmental, economical and social values. However, the River is facing an
interruption on its potential service especially for irrigation due to its quality deterioration by the discharge of
untreated wastes from different sectors in the town of Debre Berhan. Thus, this study was conducted to
reveal the impact the river water quality on the chemical properties of the irrigated soils along the river bank.
On the bases of their position and extent of water pollution, three different farms were identified and
representative soil samples were collected from each for laboratory analysis. All the soils were clay loam in
-1
texture with the lowest amounts of pH (6.10), electrical conductivity (EC) (0.10 dS cm ), organic matter (OM)
-1
(3.46%), total N (0.22%), C:N (9.12), available P (30.35 mg kg ), cation exchange capacity (CEC) (23.75 cmol(+)
-1
-1
-1
-1
-1
kg ), Na (0.11 cmol(+) kg ), K (0.73 cmol(+) kg ), Ca (8.25 cmol(+) kg ), Mg (4.32 cmol(+) kg ), Cu (1.19 mg
-1
-1
-1
-1
kg ), Zn (2.18 mg kg ), Cr (1.15 mg kg ) and Pb (1.11 mg kg ) at farm 2 (never been irrigated from the

River water), and had no detected Cd, Ni, As and Hg. Therefore, in addition to the difference in
agronomic management practices, the River water had a direct connection with almost all presences of
the concerned chemicals specifically in the soils of irrigated farms. Eventually, conducting pollution
remediation studies is as such important in curing the current illness in the Beressa River water and in
some instances in the soils under irrigation.
Key words: Water quality, heavy metals, micronutrients, soil chemical compositions.

INTRODUCTION
Unsafe industrial and municipal wastes can introduce
hazardous chemicals into the environment which cause
ecological imbalance and health problems (Pierzeynski et
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al., 2000). These wastes, although useful as a source of
nutrients, are also sources of carcinogens and toxic metals (Zhen-Guo et al., 2002). Unwise and poorly practiced
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urban and industrial activities can degrade the physical,
chemical and biological properties of the soil and in many
cases they irreversibly reduce its multi functionality
(Blum, 1996). Moreover, undesirable and over use of
agricultural chemicals has different effects on fertility and
productivity of the soil and quality of fauna and flora in the
ecosystem. For example, triclopyr inhibits soil bacteria
that transform ammonia into nitrite (Pell et al., 1998).
Glyphosate reduces the growth and activity of free-living
nitrogen-fixing bacteria in soil (Santos and Flores, 1995)
and 2,4-D reduces N fixation by reducing the growth and
activity of bacteria that live on the roots of bean plants
(Fabra et al., 1997).
Excess entrance of inorganic pollutants into the soil
reduces the natural filtering and buffering capacity of the
soil (Blum, 1996) and according to Ma and Rao (1997),
the function of the soils in the ecosystem is affected. For
instance, a polluted soil causes a pressure on sensitive
microorganisms and changes their diversity and
population size (Zaguralskaya, 1997; Pawlowska and
Charvat, 2004). Moreover, pollution reduces the fertility
status of a soil which finally affects the quality of food
products (McGrath, 1996). According to Sawyer and
McCarty (1978), organic pollutants with high chemical
oxygen demand (COD) levels comprise a reduced
chemical species (Fe, Mn and S) which determine the
quality of the soils to support life. Most of the time,
atmospheric and aquatic pollutants finally come back to
soil and has different effects on plants and animals (Miller
and Gardiner, 1998) and make the soil pollution to be
more serious than both water and air pollutions; because,
once the pollutants are accumulated in the soil, they may
require centuries to be removed through leaching, plant
uptake, erosion or other means to alleviate (Basta and
Tabatabai, 1992).
Beressa is a major perennial River in the North Shewa
Zone of Amhara Regional State with a maximum and
3 -1
minimum discharges of 58.78 and 0.40 m s in August
and January, respectively (MoWR, 1995). The River has
2
a total catchment area of 211 km and a source on the
Qundi highlands at about 30 km east of Debre Berhan
town and takes the north-west ward to join the Jema
River, which form the tributary of the Blue Nile around a
place known as Sundo Meskel near the lower side of
Abay Bereha. In its flow of natural way, the River has
different purposes that can be determined in terms of
environmental, economical and social values. For
instance, it is mainly used for irrigated commercial
vegetable production during dry season.
However, the River is facing an interruption on its potential service due to unwise and uncontrolled discharge

of liquid and solid wastes from municipality and industries
which resulted from ignorance or non-ethical attitude, lack
of environmental impact assessment, lack of awareness
and absence of control measures. According to Negash
et al. (2011), the River has been polluted with oxygen
demanding wastes (biological oxygen demand/BOD and
chemical oxygen demand/ COD), water soluble inorganic
chemicals (acids, salts and heavy metals such as Cd, Cr,
Pd, Ni, As and Hg), inorganic plant nutrients (water
soluble nutrients and phosphate), organic chemicals
(plastics, pesticides), sediment or suspended matter and
thermal pollution (using River water for cooling process).
All the aforementioned inconvenient conditions create
an opportunity for deterioration of the water quality for
various domestic uses and in turn affect the property
(physical, chemical and biological) of the soils under
irrigation and the plants grown on these soils. Thus, this
study was initiated and conducted with a specific
objective:
- To reveal the impact of the Beressa River water quality
on the chemical properties of soils along its bank.
MATERIALS AND METHODS
Description of the study area
The study was conducted at Tebasie sub-town of Debre Berhan
town which is located at 09° 35' 45'' to 09° 36' 45'' North latitude
and from 39° 29' 40'' to 39° 31' 30'' East longitude and found at 125
km North east of Addis Ababa with an elevation ranging between
2800 and 2845 meters above sea level. The twenty seven (27)
years (1985 to 2011) data obtained from the Ethiopian National
Meteorological Agency indicates that, the area receives a mean
annual rainfall of 927.10 mm and characterized by a unimodal
rainfall pattern with a maximum (293.02 mm) and minimum (4.72
mm) peaks in August and December, respectively. The mean
monthly maximum and minimum temperature range from 18.3 to
21.8°C and from 2.4 to 8.9°C, respectively.

Site selection, sample collection and preparation
Three different farm sites were selected based on their position and
exposure to pollution; one was the Debre Berhan University’s
Research and Demonstration Field (Farm 2) that has never been
irrigated by the Beressa River water, the rest two were the different
farms around the Eyerusalem (Farm 1) and Tera (Farm 3)
vegetable farms that are located at the upper and down streams of
the River on its way through the Tebasie sub-town (Figure 1).
These two sites have been under irrigation by the River water
especially at the time of dry season for commercial vegetable crop
production. Representative soil samples were collected from each
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farm by considering the slope gradient (bottom, medium and upper)
and other visual variability (soil colour, farm management and
plantation) in a zigzag pattern at a depth of 0 to 20 cm using an
auger, with an interval of ten steps and above fifteen spots per
single farm. Then, it was air dried on a clean plastic tray at a room
temperature for about eight weeks in a dust free atmosphere and
mixed properly on a 2 m by 2 m plastic sheet to make a composite
sample. The soil samples were ground by using mechanical grinder
and were passed through a 2 mm sieve in preparation for laboratory
analysis.
Laboratory analysis
The soil pH was determined in H2O using a 1:2.5 soil to water ratio
(Van Reeuwijk, 1993). Electrical conductivity was measured by
conductivity meter on saturated soil paste extracts obtained by
applying suction (Okalebo et al., 2002). Organic carbon of the soils
was determined following the wet digestion method as described by
Walkley and Black (1934), while the percentage organic matter
(OM) of the soils was determined by multiplying the percent organic
carbon value by 1.724. Total N was determined by the microkjeldahl digestion, distillation and titration method and the available
P was determined using the Olsen extraction method (Olsen et al.,
1954).
Cation exchange capacity (CEC) was determined at soil pH level
of 7 after displacement by using 1 N ammonium acetate method in
which it was, thereafter, estimated titrimetrically by distillation of
ammonium that was displaced by sodium (Chapman, 1965). The
exchangeable bases (Ca, Mg, Na and K) in the soil were
determined from the leachate of 1 molar ammonium acetate
(NH4OAc) solution at pH 7. Exchangeable Ca and Mg were
determined by atomic absorption spectrophotometer, while K and
Na were read using flame photometer (Rowell, 1994). Percent base
saturation was calculated as the ratio of the sum of the base
forming cations (Ca, Mg, Na and K) to the CEC of the soil and
multiplied by 100.
As described by Lindsay and Norvell (1978), extractable
micronutrients (Fe, Mn, Zn and Cu) and heavy metals (Cd, Cr, Pb,
As, Ni and Hg) contents were extracted from the soil samples with
DTPA and aqua ragia digestion, respectively, and all were
quantified by flame atomic absorption spectrometry (AAS).
Moreover, soil particle size distribution was determined by the
Bouyoucos hydrometer method after destroying the OM using
hydrogen peroxide (H2O2) and dispersing the soil with sodium
hexametaphosphate (NaPO3) (Bouyoucos, 1962).

RESULTS AND DISCUSSION
The soil textural class of all farms was clay loam with
relatively high silt (35.0%), sand (39.0%) and clay
(35.0%) compositions at Farms 1, 2 and 3 (Figure 1),
respectively (Table 1). According to Ranst (1991), soil
texture is a stable characteristic that influences the
physical and chemical properties of the soils depending
on the nature and amounts of clay and organic matter.
Having a similar texture implied that the quality of the
Beressa River water had nothing to do with the textural
class of the soils. However, the River might have a
concern on the distribution of particle size at the soil
surface; because the farms along the bank had a
relatively higher amount of easily transported finer soil
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particles (clay and silt) that probably modify the textural
class through a time. The texture of a soil may be
modified due to the removal of finer particles by erosion;
leaching and mixing up of surface plus sub-surface soils
during mechanical tillage and other management practice
(Wakene, 2001).
The soil pH values were 6.66, 6.10 and 6.76 at farms 1,
2 and 3 (Figure 1), respectively (Table 1) that was found
as neutral (6.6 to 7.3) and slightly acidic (6.1 to 6.5)
(Bruce and Rayment, 1982). The two concerned farms
would have a connection with the river through irrigation,
due to its slightly alkaline pH (Awgchew et al., 2015).
Irrespective of their nutrient adsorption, solubility and
exchanging differences, soils having a pH value between
5.5 and 8 are considered as ideal for plant growth (Gazey
and Davies, 2009).
The electrical conductivity of saturated extracts (ECe)
values of the soils at farms 1, 2 and 3 were 1.21, 0.86
-1
and 1.46 dS m , respectively (Table 1) that found under
-1
a non saline (< 2 dS m ) range (USSLS, 1954).
Eventhough the river water had no effect of salinity, it was
possible to say that the river had some relation with the
irrigated soils; because as indicated by Awgchew et al.
(2015), there was a detectable amount of salinity in the
water near the irrigated farms that directly brought a
relatively higher ECe values for the irrigated soils than
non-irrigated one and also from the irrigated farms, Farm
1 (Figure 1) had the lower salinity.
The amounts of organic matter (OM) in the soils of
Farms 1, 2 and 3 (Figure 1) were 5.44, 3.46 and 4.39%,
respectively (Table 1) that were under very high (>
5.15%) and high (3 to 5.15%) ranges (Charman and
Roper, 2007). Generally, the irrigated soils had higher
amount of OM than the non-irrigated but the Beressa
River had no negative concern on the OM content of the
irrigated farms; because according to Awgchew et al.
(2015), the concentrations of oxygen demanding organic
pollutants (COD and BOD) in the water taken from the
sites near farm 1 were very low.
The amounts of total nitrogen (TN) were 0.31, 0.22 and
0.27% in the soils of Farm 1, 2 and 3 (Figure 1),
respectively (Table 1) and were under high (0.25 to
0.50%) and medium (0.15 to 0.25%) ranges (Bruce and
Rayment, 1982). Moreover, the C:N of these farms were
10.18, 9.12 and 9.43 accordingly that found under low (10
to 15) and very low (< 10) ranges (Newey, 2006) with a
fairly good (8:1 to 15:1) level of C: N (Prasad and Power,
1997). In addition to the differences in the type, source,
amount and rate of applying OM and N containing
fertilizers, the Beressa River water might contribute a little
for the TN content of the irrigated soils; because, there
were significant amount of ammonia and nitrate in the
water samples near Farms 1 and 3 (Awgchew et al.,
2015).
The amounts of available P were 46.86, 30.35 and
-1

40.05 mg kg in the soils of Farms 1, 2 and 3 (Figure 1),
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Table 1. Composition of essential nutrients and heavy metals in irrigated and non-irrigated soils.

Parameter
Particle size distribution (%)
Clay
Silt
Sand
Texture class
pH (1:2.5 soil to water)
ECe (dS m-1)
Organic matter (%)
Total N (%)
Available P (mg kg-1)
CEC (cmol(+) kg-1)

Farm 1

Farm 2

Farm 3

31.0
35.0
34.0
Clay loam
6.66
1.21
5.44
0.31
46.86
42.40

28.0
33.0
39.0
Clay loam
6.10
0.86
3.46
0.22
30.35
23.75

35.0
32.0
33.0
Clay loam
6.76
1.46
4.39
0.27
40.05
30.51

0.35
2.06
12.74
7.29

0.11
0.73
8.25
4.32

0.36
1.60
10.33
6.94

75.75
11.68
1.60
2.37

89.56
15.83
1.19
2.28

69.59
13.63
1.30
2.55

ND
19.01
25.81
ND
1.81
ND

ND
1.15
1.11
ND
ND
ND

ND
21.36
22.13
1.25
2.01
0.24

-1

Exchangeable bases (cmol(+) kg )
Sodium
Potassium
Calcium
Magnesium
-1

Extractable micronutrients (mg kg )
Iron
Manganese
Copper
Zinc
-1

Total heavy metals (mg kg )
Cadmium
Chromium
Lead
Nickel
Arsenic
Mercury
ND = Not Detected,

respectively (Table 1) and were found under very high (>
-1
25 mg kg ) range (Holford and Cullis, 1985).
Nevertheless, the Beressa River water might have a
connection with the detected amounts of available P in
the irrigated soils; because, relatively the higher
detections were in the irrigated soils (Farm 1 and 3) and
phosphate was one of the pollutants in the river (Negash
et al., 2011; Awgchew et al 2015). However, the
differences could arise either from the current P status
(indigenous/native P) in the soil and/or from the previous
P fertilizer application (residual P) (Indiati, 2000) or from
the variations in vegetation cover, biomass production
and nutrient cycling (Solomon et al., 2002). Moreover, the
physico-chemical properties (the nature and amount of
soil mineral, soil pH, cation and anion effects, reaction

time and temperature) of soils were reported to influence
the availability and adsorption of P in the soil (Landon,
1991; Tisdale et al., 1993).
The values of cation exchange capacity (CEC) (42.40,
-1
23.75 and 30.51 cmol(+) kg ) and percentage base
saturation (PBS) (52.93, 56.46 and 63.03%) were
recorded at Farms 1, 2 and 3, respectively (Table 1).
According to Metson (1961), the CEC were under very
-1
-1
high (> 40 cmol(+) kg ), moderate (12 to 25 cmol(+) kg )
-1
and high (25 to 40 cmol(+) kg ) ranges while the PBS
were under moderate (40 to 60%) and high (60 to 82%)
ranges. Generally, CEC is derived from the clay and OM
fractions (Landon, 1991) and can be affected by the
different soil management practices such as cultivation,
fertilization and irrigation (Gao and Chang, 1996). This

100
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Figure 1. Location map of the study area.

means, the River water might act indirectly on the CEC of
the Farm 1 and 3 soils, irrigated, (Figure 1) through
irrigation that led to redistribution of finer soil particles and
increasing of OM level. The contents of Na were 0.35,
-1
0.11 and 0.36 cmol(+) kg in the soils of Farms 1, 2 and
3, respectively (Table 1) and were in moderate (0.3 to 0.7
-1
-1
cmol(+) kg ) and low (0.1 to 0.3 cmol(+) kg ) ranges
(Metson, 1961). Even though, the concentration of Na in
the Beressa River was below the maximum permissible
limit, there was a significant amount in the water near the
two irrigated farms, Farms 1 and 3, (Figure 1) (Awgchew
et al., 2015) that could have a direct concern with the
relatively raised levels in soils upon irrigation.
-1

The lowest (0.73 cmol(+) kg ) K content was recorded
-1
in the soils of Farm 2 while the highest (2.06 cmol(+) kg )
at Farm 1 (Table 1). In addition to the difference in the
amount and extent of ash application, previous plantation
and farm management practices, the river water might
have a connection with the raised amounts in the irrigated
soils (Farm 1 and 3, Figure 1); because the concentration
of K in the water near the two irrigated farms was a little
below its maximum permissible limit (Awgchew et al.,
2015). However, all the soils had no

problem of K shortage and were under very high (> 2
-1
-1
cmol(+) kg ) and high (0.7 to 2 cmol(+) kg ) ranges
(Metson, 1961).
The amounts of Ca and Mg were 12.74, 8.25 and 10.33
-1
-1
cmol(+) kg and 7.29, 4.32 and 6.94 cmol(+) kg in the
soils of Farms 1, 2 and 3 (Figure 1), respectively (Table
1) at which the Ca found under the range of moderate (5
-1
-1
to 10 cmol(+) kg ) and high (10 to 20 cmol(+) kg ) while
-1
the Mg under high (3 to 8 cmol(+) kg ) range (Metson,
1961). The higher presence of these two elements in the
soils of the two irrigated farms (Farms 1 and 3, Figure 1)
was possibly due to the River water; because there were
a significant amount of Ca and Mg in the water near the
irrigated farms (Awgchew et al., 2015) and even upon
repeated irrigation, their bicarbonate from the river water
might precipitate and concentrate them in the soil solution
as carbonate.
-1
The highest amounts of Fe (89.56 mg kg ) and Mn
-1
(15.83 mg kg ) were recorded in the soils of the nonirrigated farm (Table 1). But, they were under high (5.1 to
-1
-1
250 mg kg ) Fe and medium (10 to 20 mg kg ) ranges
Mn, respectively (Jones, 2003). The River could have no
concern with the detected amounts of Fe and Mn in the
soils of the irrigated farms (Farms 1 and 3, Figure 1);
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because there was no detection of Fe and Mn in the
Beressa River water near these farms (Awgchew et al
2015).
-1
-1
The lowest Cu (1.19 mg kg ) and Zn (1.11 mg kg )
concentrations were detected in the soils of Farm 2
(Table 1) at which the Cu was under low (0.3 to 2.5 mg
-1
-1
kg ) while the Zn under high (1.1 to 10 mg kg ) ranges
(Jones, 2003). The river water had connection with the
amounts of Cu and Zn in the soils of the irrigated farms
(Figure 1); because there was a considerable amount of
Cu and Zn in the river water near the two irrigated farms
(Awgchew et al., 2015) and also the solubility of most
micronutrients like Cu, Zn, Mn and Fe is strongly
dependent on the soil reaction (Zovoko and Romic, 2011)
and form toxic concentrations that hinder plant growth
(Miller and Donahue, 1995). Moreover, differences in soil
temperature, wetting and drying, tillage practices, redox
process, liming and organic matter maintenance can
affect the availability of micronutrients in the soil (Fisseha,
1996).
Cadmium was not detected in the soils of all farms
(Table 1) and neither in the water around the two irrigated
farms (Farms 1 and 3, Figure 1) (Awgchew et al., 2015)
implying that there was no worry of Cd. On the other
-1
hand, the two higher (19.01 and 21.36 mg kg ) amounts
of Cr were recorded in the soils of Farms 1 and 3,
respectively (Table 1). But, all the soils of each farm were
-1
below the maximum tolerable limit of 100 mg kg
(USEPA, 1995). This means, the river might be a source
of Cr in the irrigated farms; because there was a detected
concentration in the water near these farms (Awgchew et
al., 2015; Negash et al., 2011).
-1
The amounts of Pb were 25.81 and 22.13 mg kg in
-1
soils of irrigated farms and 1.11 mg kg in the soils of
non-irrigated farm (Table 1) at which all the soils were
-1
below the maximum tolerable limit of 150 mg kg
(USEPA, 1995). The Beressa River appeared to have
connection with the detected levels of Pb in the irrigated
farms (Farm 1 and 3, Figure 1); because it was the one
among the pollutant in river water (Awgchew et al., 2015;
Negash et al., 2011). Basically, Ni was not detected in the
-1
soils of Farms 1 and 2 and was 1.25 mg kg at Farm 3
(Table 1) which was below the maximum tolerable limit of
-1
60 mg kg (USEPA, 1995). The River water could be a
factor for the presence in the soils of Farm 3 (Figure 1);
because the amount in the water near this farm was
relatively higher (Awgchew et al., 2015; Negash et al.,
2011).
In soils of the non-irrigated farm (Farm 2, Figure 1), it
-1
was not detected but was 1.81 and 2.01 mg kg in the
soils of Farms 1 and 3, respectively (Table 1). Additionally, Hg was not detected at Farms 1 and 2 and was
-1
0.24 mg kg at Farm 3 (Table 1). However, the detected
As and Hg were below their respected maximum
-1
tolerable limit of 20 and 1 mg kg , respectively(USEPA,
1995). The Beressa River might be blamed for the

presence of As in the soils of Farms 1 and 3 and that of
Hg in the soils of Farm 3; because they were detected in
the water at the sites around the concerned farms and
were reported as pollutants in the river (Awgchew et al.,
2015; Negash et al., 2011).
Conclusions
There was a difference in the particle size distribution of
the soils; however, all were similar in their textural class,
clay loam. The soil of the non-irrigated farm was the
lowest in its pH, ECe, OM, total N, C:N, available P, CEC,
-1
Na, K, Ca and Mg which were 6.10, 0.86 dS m , 3.46%,
-1
-1
0.22%, 9.12, 30.35 mg kg , 23.75 cmol(+) kg , 0.11
-1
-1
-1
cmol(+) kg , 0.73 cmol(+) kg , 8.25 cmol(+) kg and
-1
2.32 cmol(+) kg , respectively. The higher amounts of Fe
-1
-1
-1
(89. 56 mg kg ), Mn (15.83 mg kg ), Cu (1.60 mg kg )
-1
and Zn (2.55 mg kg ) were recorded at Farms 2, 2, 1
and 3, respectively. Generally, Cd was not detected in the
soils of all farms, Ni and Hg at Farms 1 and 2 and As only
at Farm 2. Moreover, the lowest amounts of Cr (1.15 mg
-1
-1
kg ) and Pb (1.11 mg kg ) were found in the soils of
Farm 2.
The soil textural class of all farms was clay loam with
no salinity problem and commonly all the soils had a
favourable/conducive pH and essential nutrients content
for health functioning of the soils in the ecosystem but
heavy metals like Cr, Pb, As and Hg require extra
attention to be adjusted or corrected to their safe level.
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