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Abstract

Sustainable agricultural production and productivity depend on proper soil management and understanding how soils respond to
agricultural practices over time. The objective of this study was to investigate the impact of small-scale irrigation on selected
soil physico-chemical properties in comparison with cultivated and grazing land use systems in Toke Kutaye District. Three
small scale irrigation schemes were selected from different directions of the district. A total of 60 composite soil samples were
collected from irrigated, cultivated and grazing land use systems at two soil depths (0-15 and 15-30 cm) and analysed at the
Debre Zeit National Soil Laboratory. The laboratory results were statistically analysed using SAS 9.4 software. The results
indicated that soil pH (H20), electrical conductivity (EC), soil organic carbon (SOC), available nitrogen (N), exchangeable
potassium (K) and sodium (Na) showed no statistically significant differences among the land use systems across all irrigation
schemes. However, variations were observed among land use systems, indicating the need for further investigation over longer
cropping periods. In contrast, available phosphorus (P) and soil texture showed statistically significant differences among the
land use systems and soil depths. However, small scale irrigation has not yet caused significant changes in most of the soil
properties considered but continuous irrigation may influence soil quality over the longer cultivation periods. Therefore, long
term monitoring over several cropping seasons is recommended to assess cumulative changes in soil properties, while alternative
water sources and improved irrigation water management should be promoted to address irrigation water shortages and sustain
crop production.
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1. Introduction

Ethiopia is an agrarian country where around 95% of the  Ethiopia’s agricultural sector. However, Ethiopia's rain-fed
country’s agricultural output is produced by smallholder farm-  agriculture is increasingly threatened by recurrent droughts,
ers in which accounts for 41.4% of Ethiopia’s GDP and 80% erratic rainfall, climate variability and highly inflation cost of
of total employment, is the country’s economic backbone [8, input production packages [21]. These agricultural production
22]. Small-scale rainfed agriculture makes up the majority of ~ and productivity constraints making irrigation development a
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national priority for sustainable agricultural production. Con-
sequently, different irrigation schemes (small scale, medium
and large) have expanded rapidly across the country, particu-
larly in the Awash Rift Valley, Abay, Omo Gibe, Wabi She-
belle and Tekeze River basins [14]. Based on the current pop-
ulation growth and food demand of the country, Ethiopia, the
use of small scale irrigation has a great importance to produce
more during rainfall shortage periods. It can contribute to
overall livelihood improvement of the rural population
through increased income, food security, social needs fulfil-
ment and poverty reduction [3, 15]. As a result, irrigated agri-
culture currently is a priority in the agricultural transformation
and food security strategy of the Ethiopia government [1].
However, the sustainability of irrigation to enhances crop
production and stabilizes yields, largely depends on the use of
irrigation water quality. The suitability of irrigation water is
commonly evaluated using parameters such as electrical con-
ductivity (EC), sodium adsorption ratio (SAR), residual so-
dium carbonate (RSC), soluble sodium percentage (SSP), pH,
total dissolved solids (TDS), and concentrations of major cat-
ions and anions. These indicators determine the potential of
irrigation water to induce soil salinity, sodicity, infiltration
problems, nutrient imbalance and toxicity [6]. In Ethiopia, ir-
rigation water quality varies considerably depending on water
source, geology, climatic conditions, and land management
practices. Surface water originating from rivers is generally
suitable for irrigation in many regions, whereas groundwater
and some lake waters often contain elevated concentrations of
salts and sodium [7]. Long term use of these water sources has
contributed to increased soil salinity, sodicity, and deteriora-
tion of important soil quality indicators. Among soil physico-
chemical properties, texture, bulk density, porosity, infiltra-
tion rate, hydraulic conductivity, aggregate stability, soil pH,
electrical conductivity, organic carbon, cation exchange ca-
pacity (CEC), exchangeable sodium percentage, available nu-
trients, and soil organic matter are particularly sensitive to ir-
rigation water quality [2]. Irrigation water quality is one of the
most important determinants of sustainable soil productivity
because it directly influences soil physical and chemical char-
acteristics. Irrigation water containing excessive concentra-
tions of soluble salts, sodium, bicarbonates and other dis-
solved ions gradually alters soil properties through saliniza-
tion and sodification processes. These changes increase soil
electrical conductivity (EC), exchangeable sodium percentage
(ESP), sodium adsorption ratio (SAR), soil pH and bulk den-
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sity while reducing aggregate stability, infiltration rate, hy-
draulic conductivity, porosity, nutrient availability and micro-
bial activity [10].

The problem is becoming increasingly serious in Ethiopia
because many irrigation schemes are located in arid and semi-
arid regions where high evaporation rates, inadequate drain-
age systems, and continuous irrigation favour the accumula-
tion of salts in the root zone [23]. In several irrigation com-
mand areas, farmers increasingly rely on surface water,
groundwater, lake water and blended water sources without
repetitive assessment of their chemical suitability for irriga-
tion [2]. For the production enhancement purpose, the contin-
uous application of marginal-quality water accelerates soil
degradation, resulting in declining soil fertility, reduced crop
yields and increased costs for land rehabilitation. These con-
ditions threaten the long-term sustainability of irrigated agri-
culture, particularly under the increasing pressures of climate
change and growing competition for freshwater resources [24].

In Ethiopia, under the current irrigation water management
strategies and soil conservation interventions practices, moni-
toring of irrigation water quality and soil physicochemical
properties is not consistently practiced to sustain irrigation
schemes and crop productivities. Therefore, this study was
aimed to evaluate the impact of irrigation water quality on soil
physicochemical properties in selected irrigation schemes in
Toke Kutaye district, of West Shewa Zone, Oromia Regional
State, Ethiopia to improve soil health, enhance irrigation sus-
tainability and maintain long term agricultural productivity.

2. Materials and Methods

2.1. Description of the Study Area

The study was undertaken in West Shoa zone, Toke-kutaye
District which is located in the West part of the zone at a dis-
tance of 12 km from Ambo, the capital town of the zone and
132 km, from capital city of the country, Addis Ababa. Toke
Kutaye district is one of the potential irrigated area in the zone
and bordered on the East by Ambo and wanchi, on the South
by Dirre Incinni and Amayya, on the West by the Chaliya and
Jibat, and on the North by Midagegn Districts. The adminis-
trative Center of the district is Guder with 4 urban kebeles and
31 rural kebeles. The map of the study area was shown in (Fig-
ure 1).
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Figure 1. Map of the study area (Toke Kutaye District).

There are 16 modern irrigation schemes and 56 traditional
irrigation schemes in the district. The modern irrigation
schemes have structured management system throughout the
irrigation period to maintain the sustainability of the irrigation
system governed by the district irrigation office.

In terms of agroecological condition of the district, the dis-
trict categorized in to Dega (27%), Woina Dega (55%), and
Kola (18%). The altitude of the district ranges from 1600 to
3192 m.a.s.l. The average annual temperatures range between
22-29°c with an annual rainfall of 100 to 1100 mm and the
major crops grown in the district are Teff, maize, wheat and
barley and commonly irrigated crops like tomato, potato, on-
ion etc. Moreover, the district have different known river
flown in the district such as Guder, Colle, indris and kolba
which potentially used for irrigation at different scale of irri-
gation.

2.2. Sampling Methods, Sample Preparation
and Analysis

Three modern irrigation schemes were purposively selected
based on age of irrigated land (> 5 years) in the district. The
selected schemes were Maruf Irrigation schemes in the west-
ern part of the district, Chancho Aruse scheme in the centeral
part of the district and Chole irrigation schemes in Eastern part
of the district. From each scheme three land use system were
selected (irrigated land, cultivated non irrigated land and graz-
ing land) for comparison of the impact of irrigation on phys-
ico-chemical properties of the soil. For each irrigation
schemes 20 composite soil samples at two depths (0 -15 and
15-30cm) were taken. For all schemes the samples were taken
at two locations (upper and lower of irrigation schemes with
that of the other land use systems) by using auger except for
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bulk density which was taken by core sampler. The soil sam-
ples were taken from all the targeted points and samples were
labeled according to the land use systems with respective
depths. After the composite samples were prepared following
the soil laboratory standards, the samples were air dried in the
laboratory, grinded and sieved with a 2mm size sieve then
each sample was weighted to 300gm for laboratory analysis
of all considered parameters.

The prepared and labelled soil samples were sent to Debre
Zeith National soil laboratory for analaysis of the Selected soil
physico-chemical properties. The soil physico-chemical prop-
erties considered were soil texture, soil pH, electrical conduc-
tivity of the saturated extract (ECe), Organic Carbon, Ex-
changeable bases K and Na. The result of soil physico-chem-
ical properties laboratory analysis of each sample was taken,
and analysed by using SAS software 9.4 versions.

3. Results and Discussions

3.1. Soil Textural Analysis of the Study Area

There are many soil physical properties to be considered in
irrigation aspects but due to lack of instruments and laboratory
facilities all of them were not considered. The soil samples
taken from Chanco irrigation schemes and adjacent land use
systems in both location (upper and lower) at two depths (O -
15 and 15 -30cm) was analysed following laboratory stand-
ards. The laboratory result showed that the textural class of the
soil in the irrigation schemes ranges from Sandy Clay Loam
to clay. The soil textural analysis this irrigation scheme and
adjacent land use systems considered across the depth were
presented in the (Table 1).
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Table 1. Analysis of soil texture at Chancho irrigation schemes for different land use system.

Chancho
Land Use Systems Depth
Clay

1 37.20°
Upper Irrigated Land

2 41.20°

1 38.80°
Lower Irrigated Land

2 38.802

1 28.80°
Upper Cultivated Land

2 42.80°

1 43.60°
Lower Cultivated Land

2 48.27°

1 22.80°
Upper grazing land

2 48.80?

1 32.00°
Lower Grazing Land 9 44.80°

CV 22.77 LSD (0.05%) 1.01
LSD (0.05%)

As the soil sample analysis result indicated, the soil texture
in all land use system at Chancho irrigation schemes were
classified as clay properties. The statistical analysis indicated
the significance variations among the land use systems as well
as across the depth. Since the soil of the area has a clay prop-
erty, it requires a serious irrigation management aspect to
overcome its adverse effect on the soil and crop productivity.

Soil Textural Class

Silt sand

32.122 30.672 Clay Loam
32.807 26.00° Clay
21.60° 39.60° Clay Loam
29.60? 31.60° Clay Loam
23.60° 47.602 Sandy Clay Loam
25.602 31.60° Clay
31.33 25.07° Clay
27.33° 24.402 Clay
39.60? 37.602 Clay
27.60° 23.60° Loam
33.202 34.80° Clay
17.60° 37.607 Clay Loam

In the similar ways, the soil samples taken from Chole irri-
gation schemes and adjacent land use systems in both location
(upper and lower) at two depths (0-15 and 15-30cm) was an-
alysed following laboratory standards. The laboratory result
showed that the textural class of the soil in the irrigation
schemes showed clay loam properties. The soil textural anal-
ysis this irrigation scheme and adjacent land use systems con-
sidered across the depth were presented in the (Table 2).

Table 2. Analysis of soil texture at Chole irrigation schemes for different land use system.

Chole
Land Use Systems Depth
Clay
1 33.87°
Upper Irrigated Land
2 41472
1 23.20°
Lower Irrigated Land
2 48.002
1 33.20%
Upper Cultivated Land
2 25.20°
1 35.072
Lower Cultivated Land
2 32.40°
1 28.00°
Upper grazing land
2 33.20%
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Soil Textural Class

Silt sand

35.207 30.932 Clay Loam
29.87° 28.53° Clay
35.202 41.602 Loam
33.20° 18.80° Clay
35.202 31.602 Clay Loam
35.202 39.60° Loam
41.87° 23.072 Clay Loam
48,532 19.08° Silty Clay Loam
37.20% 34.80° Clay Loam
33.20° 33.60° Clay Loam


http://www.sciencepg.com/journal/ajoe

American Journal of Ecology

https://www.sciencepg.com/journal/ajoe

Chole
Land Use Systems Depth
Clay
1 27.20°
Lower Grazing Land ) 41.20°

CV 29.16 LSD (0.05%) 0.94
LSD (0.05%)

As a soil laboratory analysis indicated, there were statisti-
cally significance variations among the land use systems as
well as across the soil depth in soil texture. Since the soil of
the area has a clay loam property, it is more appropriate for
irrigation but again irrigation management is should take
critical consideration according to the crop types and growth
stage to maintain the sustainability of the irrigation schemes.

The other irrigation scheme considered in the study was
Maruf Irrigation scheme. Again, the soil samples taken from

Soil Textural Class

Silt sand
33.202 39.602 Clay Loam
31.20° 27.60° Clay

Maruf irrigation schemes and adjacent land use systems in
both location (upper and lower) at two depths (0-15 and 15-
30cm) was analysed following laboratory standards. The la-
boratory result showed that the textural class of the soil in
the irrigation schemes showed loam properties. The soil tex-
tural analysis this irrigation scheme and adjacent land use
systems considered across the depth were presented in the
(Table 3).

Table 3. Analysis of soil texture at Maruf irrigation schemes for different land use system.

Maruf
Land use systems Depth
Clay

1 18.672
Upper Irrigated Land

2 27.47°

1 13.20°
Lower Irrigated Land

2 20.80°

1 16.80°
Upper Cultivated Land

2 18.80°

1 30.13°
Lower Cultivated Land

2 36.132

1 18.80°
Upper grazing land

2 26.80°

1 16.80°
Lower Grazing Land ) 22 802

CV 26.83 LSD (0.05%) 1.03
LSD (0.05%)

As the result revealed, statistically there were a signifi-
cance variation among the land use systems as well as across
the soil depth in soil texture classes. Since the soil of the area
has a light soil property, it requires more appropriate irriga-
tion scheduling based on the types of crop and crop growth
stages.

Soil Textural Class

Silt sand

41.602 39.732 Loam
40.40° 32.13° Clay Loam
35.202 51.602 Loam
26.40° 52.802 Sandy Clay Loam
30.40? 52.80° Sandy Loam
22.40° 58.802 Sandy Loam
30.80? 39.072 Clay Loam
31.478 32.40° Clay Loam
34.402 46.802 Loam
34.402 38.80° Loam
40.402 42.802 Loam
36.40° 40.80° Loam

3.2. Impact of Irrigation on Selected Soil
Chemical Properties

Similar to the soil physical properties, also there are many
soil chemical properties to be considered in irrigation but due
to some instruments and laboratory analysis, all of thema were
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not considered in this study. However, the most critical pa-
rameters were considered as the follows.

3.2.1. Analysis of Soil pH in the Different Land Use
Systems Across the Depth

The soil pH for all land use system at all location indicates
slightly acidic. For all irrigation schemes (Chancho, Chole and
Maruf), the soil pH was increased as the depth of soil in-
creased for all land use systems except Maruf irrigation

schemes which decreased as the depth of the soil increased at
upper irrigation schemes. At both locations (upper and lower)
for all schemes the pH value of irrigated land use systems was
higher than that of cultivated and grazing land use systems.
But for all land use system statistically no significance differ-
ence in the depth wise as well as across land use system for
soil pH values. The pH values for all irrigation schemes in the
upper and lower location at two depths of soil for different
land use systems were presented in (Table 4).

Table 4. Analysis of soil pH across different land use system in the study area.

Location of Irrigation scheme Soil depth

1
Chancho

2
CV =2.66 LSD (0.05%) = 1.07

1
Chole

2
CV =2.35 LSD (0.05%) = 1.14

1
Maruf

2

CV =2.86 LSD (0.05%) = 0.94

Land use systems

UPI LWI UPC LWC UPG LWG
6.392 5.842 5.832 6.228 6.012 6.132
6.412 5.932 5.952 6.332 6.232 6.822
6.16a 6.16a 6.11a 6.64a 6.19a 5.56a
6.38a 6.17a 6.02a 6.72a 6.10a 6.48a
6.16a 6.28a 6.33a 5.56a 5.74a 5.77a
5.68a 6.17a 6.48a 5.90a 5.82a 5.68a

Note: Depth 1 = 0-15cm, Depth 2 = 15-30cm UPIL = Upper irrigated land, LWIL = Lower irrigated land, UPCL = Upper irrigated land, LWCL
= Lower irrigated land, UPGL = Upper grazing land, LWGL = Lower grazing land.

The result of the current study pH value ranges from 5.56
to 6.72 which indicate slightly acidic for all land use systems.
Hence the pH value of soil from 6.5 to 8.4 has no adverse ef-
fect for most irrigated soil, the irrigation schemes selected for
this study was under normal status in terms of soil pH. Gener-
ally, pH of the soil in irrigated land and grazing land were
higher than that of cultivated land use systems. The result of
the present study was similar with the study findings by [11]
which revealed as pH value of irrigated land use system was
higher than adjacent to other land use systems. But the varia-
tion in soil pH across the land use systems were not uniform
in all irrigation schemes selected in this study. Similarly, the
study finding by [18] showed that the pH of the soil in irri-
gated land was greater than the other land use but statistically
no significance difference.

3.2.2. Analysis of Electrical Conductivity of
Different Land Use Systems Across the Depth

Soil electrical conductivity (EC) obviously affects many

45

soil physical and chemical properties which correlate soil
properties that affect crop productivity, including soil texture,
cation exchange capacity drainage conditions, organic matter
level, salinity and subsoil characteristics. The EC indicates the
presence or absence of salts but does not indicate which salts
might be present. The result of the current soil physico-chem-
ical property analysis was revealed that there was no statisti-
cally significance variation across the depth at all land use sys-
tems except at Chancho, upper irrigated, chole upper culti-
vated non irrigated and Maruf lower irrigated locations. In
general, for most land use systems there were a statistically
significance difference between irrigated and non-irrigated
land use systems. This indicates that irrigation has an effect
on soil electrical conductivity which needs some considera-
tion for repeated irrigation in the future because as EC in-
creases, more attention to water management is needed to pre-
vent adverse effects of salinity development that affects soil
and crop productivity. The result of EC analysis of the current
study presented in (Table 5).
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Table 5. Analysis of soil Electrical Conductivity of different land use system.

Location of Irrigation scheme Soil depth

1
Chancho

2
CV =229 LSD (0.05%) = 0.89

1
Chole

2
CV =10.70 LSD (0.05%) = 0.94

1
Maruf

2

CV =22.30 LSD (0.05%) = 1.11

5.922
4.40°

4.002
4.482

3.682
2.83a

Land use systems (EC dS/m)

LWI UPC LwC UPG LWG
3.662 3.592 5.022 2.555 4.902
3.142 3.402 3.11° 3.952 2.48°
3.582 3.812 4.602 4.102 3472
3.842 2.52° 423 2.83° 3.452
3.742 2432 4.602 3.708 2.962
2.73° 3.022 3.942 2.60? 2.622

Note: Depth 1 = 0-15cm, Depth 2 = 15-30cm UPIL = Upper irrigated land, LWIL = Lower irrigated land, UPCL = Upper irrigated land, LWCL
= Lower irrigated land, UPGL = Upper grazing land, LWGL = Lower grazing land.

The crop sensitivity to EC was vary in which some crops
affect to the extent of 2 dS/m (orange, beans, tomato etc.) and
other can survive up to 16 dS/m (burley, sugar beet, cotton
etc.). In the current study, the highest (5.92) and lowest (2.43)
soil EC was obtained at irrigated upper Chancho and upper
cultivated Maruf land use system respectively.

The study conducted by [12, 17] on Effects of Land Use,
Soil Depth and Topography on Soil Physico-chemical Proper-
ties revealed that the soil electrical conductivity increased
across the depth and more at lower part of the irrigation lands.
Similarly, other study findings by [15] revealed that the Elec-
trical conductivity of soil varies with depth and its range of
variation was less in upper soil profile probably due to slope
of land surface, high permeability and high rainfall leaching
out alkaline bases.

3.2.3. Analysis of Organic Carbon in the Different
Land Use System Across the Depth

The result of the present study indicated that there was statisti-
cally no significance difference in soil organic carbon across the
depthinall land use systems. The highest (1.83) and lowest (0.82)
organic carbon was recorded at lower Chancho grazing land and
upper Chole cultivated land use systems respectively. Generally,
in all land use systems at all location of the soil sampling, soil
organic carbon was slightly decreasing across the depth except at
upper Chancho irrigated land use system. The result of the soil
organic carbon analysed in all land use systems across the depth
was presented in the (Table 6).

The value reported in our study was in the range of the rec-
ommended soil organic carbon for soil stability as well as the
crop productivity. Similar to the current study, the finding of
[25] showed that the organic carbon in the irrigation land use
slightly changed acroos the depth.

Table 6. Analysis of soil organic carbon in the different land use systems.

Location of Irrigation scheme Soil depth
1
Chancho
2
CV =9.41 LSD (0.05%) = 0.88
1
Chole
2

CV =11.31 LSD (0.05%) = 0.94

Land use systems (%)

UPI
0.922
0.932

1.022
0.922
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LWI
1.352
1.122

0.922
0.912

UPC
1.552
1.232

1.832
1.378

LwcC
1.142
0.962

1.252
1.06%

UPG
1.312
1.082

1.212
1.192

LWG
1.452
0.822

1.542
1.052
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Location of Irrigation scheme Soil depth
1

Maruf
2

CV =4.37 LSD (0.05%) = 0.84

Land use systems (%)

UPI LWI UPC LwC UPG LWG
1.282 1.372 1.742 1.232 0.902 1.112
1.018 1.032 1.112 0.992 1.012 1.372

Note: Depth 1 = 0-15cm, Depth 2 = 15-30cm UPIL = Upper irrigated land, LWIL = Lower irrigated land, UPCL = Upper irrigated land, LWCL
= Lower irrigated land, UPGL = Upper grazing land, LWGL = Lower grazing land.

Also, the current study result was similar with the study
conducted by [26], revealed that, the soil organic carbon de-
creased across the depth in different land use systems.

3.2.4. Analysis of Total Available Nitrogen in the
Different Land Use Systems

The result of this study revealed that, there was statistically

no significance difference across the depth in all land use sys-
tems. But there was a variation in different land use systems.
The highest (0.24) and lowest (0.09) total available N was rec-
orded at Maruf lower irrigated land and chole upper grazing
land use systems respectively. However, the obtained total
available N was within the recommended ranges. The result
of soil sampled at each land use systems on total available N
across the depth was presented in (Table 7).

Table 7. Analysis of total available Nitrogen in different land use systems.

Location of Irrigation scheme Soil depth

1
Chancho

2
CV =9.56 LSD (0.05%) = 0.87

1
Chole

2
CV =17.73 LSD (0.05%) = 0.89

1
Maruf

2

CV =6.91 LSD (0.05%) = 1.03

Land use systems (%0)

UPI LWI UPC LwC UPG LWG
0.122 0.152 0.222 0.122 0.172 0.132
0.112 0.112 0.132 0.142 0.152 0.142
0.132 0.142 0.142 0.152 0.132 0.172
0.132 0.112 0.222 0.10? 0.092 0.122
0.162 0.232 0.192 0.222 0.162 0.152
0.172 0.192 0.242 0.192 0.152 0.222

Note: Depth 1 = 0-15cm, Depth 2 = 15-30cm UPIL = Upper irrigated land, LWIL = Lower irrigated land, UPCL = Upper irrigated land, LWCL
= Lower irrigated land, UPGL = Upper grazing land, LWGL = Lower grazing land.

Similar to the current study, the finding by [17], showed
that the total available nitrogen showed variation across dif-
ferent land use system but statistically not significant. The
other study conducted by [24], revealed that the effect of dif-
ferent land use system showed the available nitrogen statisti-
cally non-significant.

3.2.5. Analysis of Available Phosphorus in the
Different Land Use Systems

The result of present study indicated that the available phos-
phorus in almost all land use system was decreasing across the

47

depth. The highest (14.06) and lowest (4.19) available phos-
phorus was recorded at Maruf upper irrigated land and Chan-
cho lower irrigated land respectively. There were statistically
significance variations in available phosphorus under all land
use system along the depth as well as across the land use sys-
tems. The available phosphorus was relatively higher in irri-
gated land as compared to the other land use system this may
be due to the application of fertilizers with the source of phos-
phorus. The result of soil sample analysed on available phos-
phorus was presented in the (Table 8).
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Table 8. Analysis of Available Phosphorus in the different land use systems across depth.

Land use systems

Location of Irrigation scheme Soil depth
UPI Lwi UPC LwcC UPG LWG

1 10.642 4,19° 5.512 11.432 9.462 8.142
Chancho

2 6.63" 4.68° 4.56° 8.71° 6.08° 4.48°
CV =7.48 LSD (0.05%) = 0.92

1 9.272 8.992 6.882 9.562 6.26° 5.822
Chole

2 6.25° 4,500 5.76° 5.39° 9.262 5.042
CV =23.05 LSD (0.05%) = 0.86

1 11.94P 7.242 5.27° 10.572 6.912 5.11@
Maruf

2 14.06? 4570 13.10° 6.54° 5.27b 5.442

CV =24.69 LSD (0.05%) = 0.95

Note: Depth 1 = 0-15cm, Depth 2 = 15-30cm UPIL = Upper irrigated land, LWIL = Lower irrigated land, UPCL = Upper irrigated land, LWCL
= Lower irrigated land, UPGL = Upper grazing land, LWGL = Lower grazing land.

The result of the current study was similar with the study
conducted by [13] in which the result obtained that the avail-
able phosphorus recorded was higher in irrigated land than in
adjacent land use systems. Similar to the current study, the
study conducted by [20] on Evaluation of Physicochemical
Characteristics of Soils in the flood disaster affected areas in-
dicated that there was a variation in total and available phos-
phorus in different land use systems considered and also a
great variation in time with different studies in the area. The
other study conducted by [16] indicated that there was a vari-
ation in available phosphorus across different land use type in
the study site which was similar to the current study on avail-
able phosphorus across different land use systems.

3.2.6. Analysis of Exchangeable Potassium in the
Different Land Use System Across Depth

The result of current study revealed that there were statisti-
cally no significance differences across the depth as well as
land use systems in exchangeable potassium. The highest
(2.31) and lowest (0.35) exchangeable potassium was rec-
orded at Maruf upper cultivated land and lower grazing land
use systems respectively. The result of soil sample analysed
for different land use systems considered on exchangeable po-
tassium was presented on (Table 9).

Table 9. Analysis of Exchangeable potassium in the different land use system across the depth.

Location of Irrigation scheme Soil depth
1
Chancho
2
CV =7.48 LSD (0.05%) = 0.89
LSD (0.05%)
1
Chole
2
CV =21.10 LSD (0.05%) = 0.97
LSD (0.05%)
Maruf 1

Land use systems (cmol/kg)

UPI
0.872
1.082

0.942
0.822

1.132
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LWI
0.962
0.922

0.772
0.642

1.012

UPC
0.852
0.842

1.282
0.812

0.66%

LWC
1.15%
1.002

1.06%
1.092

0.562

UPG
0.852
0.912

0.94a
0.76a

0.372

LWG
1.082
1.012

0.962
1.252

0.352
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Location of Irrigation scheme Soil depth

CV = 25.61 LSD (0.05%) = 1.02
LSD (0.05%)

Land use systems (cmol/kg)

UPI
0.522

LWI UPC LwC UPG LWG

0.872 1.312 0.552 0.722 0.842

Note: Depth 1 = 0-15cm, Depth 2 = 15-30cm UPIL = Upper irrigated land, LWIL = Lower irrigated land, UPCL = Upper irrigated land, LWCL
= Lower irrigated land, UPGL = Upper grazing land, LWGL = Lower grazing land.

Similar to the current study, the study conducted by [4] re-
vealed that the potassium obtained in the cultivated land was
lower than the other land use system. The other study conducted
by [9] indicated that the exchangeable potassium was higher in
irrigated land than adjacent land use systems but in this study the
variation was more in depth wise than the land use systems how-
ever the variation across the land use systems was not uniform.

3.2.7. Analysis of Exchangeable Sodium in the
Different Land Use System Across the Depth

The amount of sodium content in the soil is very important

as it affects the soil aggregate stability mostly in irrigated land
in relation to the irrigation water quality. The current study
revealed that there were statistically no significance differ-
ences in exchangeable Na across the depth in all land use sys-
tems. The highest (0.63cmol/kg) and lowest values
(0.02cmol/kg) were recorded at Maruf lower cultivated and
Chole lower irrigated land use systems respectively. The re-
sult of soil sample analysed on exchangeable Na across the
depth in all land use systems were presented in (Table 10).

Table 10. Analysis of exchangeable Sodium in the different land use system.

Location of Irrigation scheme Soil depth (cm)

1
Chancho

2
CV =17.20 LSD (0.05%) = 1.02
LSD (0.05%)

1
Chole

2
CV =17.47 LSD (0.05%) = 1.00
LSD (0.05%)

1
Maruf

2

CV = 6.64 LSD (0.05%) = 1.05
LSD (0.05%)

Land use systems (cmol/kg)

UPI LWI UPC LWC UPG LWG
0.432 0.132 0.182 0.492 0.482 0.312
0.542 0.222 0.292 0.632 0.292 0.592
0.372 0.022 0.112 0.392 0.612 0.202
0.342 0.292 0.122 0.552 0.022 0.352
0.202 0.042 0.112 0.192 0.112 0.202
0.292 0.042 0.152 0.292 0.092 0.132

Note: Depth 1 = 0-15cm, Depth 2 = 15-30cm UPIL = Upper irrigated land, LWIL = Lower irrigated land, UPCL = Upper irrigated land, LWCL
= Lower irrigated land, UPGL = Upper grazing land, LWGL = Lower grazing land.

The study conducted by [5] indicated that there were varia-
tions on exchangeable sodium between different land use sys-
tems unlike to the current study. The study conducted by [19]
indicated that the exchangeable sodium for different land use
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types considered was within the recommended range which
was similar to the current study but not statistically significant
variation across different land use systems.
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4. Conclusion and Recommendations

Agriculture is the backbone of the Ethiopian economy that
directly or indirectly supports the livelihoods of more than 80%
of the country's population. However, agricultural production
and productivity have been constrained by many factors, like
rainfall variability over the time, reduction of soil fertility sta-
tus, low soil and water conservation practices, less capacity to
climate change adaptation and mitigation, and low local com-
munity perceptions. To overcome many of these problems of
agricultural production and productivity, the Government of
Ethiopia has given considerable attention to the development
and expansion of small-scale irrigation schemes throughout
the country. However, long-term irrigation practices may also
influence soil quality and fertility through changes in soil
physical and chemical properties, which requires critical con-
sideration of irrigation water management aspects. In line this
consideration, this study was conducted in Toke Kutaye Dis-
trict to assess the impact of irrigation on selected soil physico-
chemical properties under different land use systems. Based
on the predetermined selection criteria, three small-scale irri-
gation schemes, namely Chancho, Chole and Maruf were se-
lected from different directions of the district. Soil samples
were collected following standard soil sampling procedures,
prepared for laboratory analysis and submitted to the Debre
Zeit National Soil Laboratory.

The results of the laboratory analysis indicated that irrigation
had not yet caused statistically significant changes in most of
the investigated soil physico-chemical properties across the dif-
ferent land-use systems in the three irrigation schemes. Alt-
hough differences were observed in soil pH, electrical conduc-
tivity (EC), organic carbon (OC), available nitrogen (N), avail-
able potassium (K), and sodium (Na), these differences were
not statistically significant. Statistically significant differences
were observed mainly in available phosphorus and soil texture.
In general, the soil properties observed in the study area were
within ranges suitable for the production of most crops. This
indicates that irrigation has not yet resulted in serious deteriora-
tion of soil quality in the selected irrigation schemes. But this
not fully granted for the future maintaining soil and crop
productivity, which requires continuous managements.

Even if the considered parameters are statistically not sig-
nificant, the observed variation showed among land-use sys-
tems indicate the need for continuous monitoring and appro-
priate soil management. If irrigation is continuously practiced
without proper water and soil management, gradual changes
in soil properties may occur over time, potentially affecting
soil productivity and crop production. Generally, from the cur-
rent study it can be concluded that the current irrigation prac-
tices not critically affecting soil parameters considered but the
variation indicates that there will be the requirement of con-
tinuous management of the irrigation water.

Based on the result of the current study, the following rec-
ommendation are forwarded

1) The most important soil physicochemical properties
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should be monitored periodically, particularly for these
related to irrigation water and crucially influence the
crop production and productivity. because, regular soil
testing will enable early identification of potential soil
degradation problems and facilitate site-specific soil fer-
tility management.

2) Since this study undertaken in short period of time and a
smaller number of irrigation schemes, future studies
should include longer time of study and a greater number
of irrigation schemes to come up with sustainable con-
clusions.

3) Furthermore, Agricultural extension services should
provide farmers with practical training on irrigation
scheduling, soil fertility management, water conserva-
tion, crop selection and sustainable land management
practices.
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