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Abstract

Saline and sodic water qualities used for irrigation could deteriorate soil physico-chemical properties based on type and amount
of salts present in irrigation water and soil type being irrigated. Irrigation water with marginal quality could lead to the buildup of
new soil characteristics that affect its fertility and productivity. In line with these issues, this review paper focused on reviewing
the effect of irrigation water quality on selected soil physico-chemical properties in Ethiopia. Consequently, irrigation water
quality of Errer River of Babile District, Ground water of Babile District, Tumuga and Gerjale irrigation sources, Adamitulu
surface and ground water, Abaya Lake water, mixed water (Awash River to Beseka Lake River) and effect of these water sources
qualities on selected soil physico-chemical properties were reviewed. The Errer River of Babile District, Tumuga and Gerjale
irrigation water quality extent were within and below permissible value based on degree of restriction on use for irrigation and
some selected soil physicochemical properties weren’t affected in observable extent due to quality of irrigation water. Certain
irrigation water quality extent implied that Ground water of Babile District, Adamitulu Surface and Ground water, Abaya Lake
water, mixed water (Awash River to Beseka Lake River) problem of suitability for irrigation and some selected soil
physicochemical properties were affected due to extent of irrigation water quality were above threshold limit of irrigation water
quality. The reviewed papers indicated that the soil quality was affected due to quality of irrigation water like its quality extent of
salinity (EC), sodium adsorption ratio (SAR), residual sodium carbonate (RSC) and soluble sodium percentage (SSP) as it
increased sodium, salt level and salinity in soil due to these parameters of irrigation water quality were above threshold limit, but
calcium, magnesium and organic matter particulate content of irrigation water could improve soil fertility. Therefore, monitoring
of irrigation water quality and checking of pre-planting and after harvesting soil physicochemical properties is very crucial to
reveal and monitor the effect of irrigation water quality on soil physico-chemical properties.
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1. Introduction

The net and gross irrigation potentials of Ethiopia were  the potential and actual irrigated area isn’t precisely investi-
about 2.6 and 3.7 million hectares respectively [3, 12]. Evenif  gated [5] estimates of irrigable land in Ethiopia vary between
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1.5 and 4.3 million ha, averaged about 3.5 million hectare [14,
10]. Small scale irrigation agriculture is vital to enhance crops
production and attain food self-sufficiency in Ethiopia, but
monitoring the impacts of irrigation on soil chemical proper-
ties is crucial for the sustainable crop production and produc-
tivity [9].

Soil salinization and sodicity a major problem in irrigated
agriculture and agricultural productivity remains meager due
to lack of quality irrigation water resulted in declining of soil
fertility and increasing soil salinity [18]. Salinity being one of
the common problems in irrigation which can be built up with
time though the rates varies on the salt content of the water
used and can cause serious problems to soil quality and
productivity [4]. Water quality-related problems in irrigated
agriculture are salinity, reduced water infiltration rate, spe-
cific ion toxicity, and miscellaneous [17]. Highly saline and
sodic water qualities can cause problems for irrigation de-
pending on the type and amount of salts present, the soil type
being irrigated, the specific plant species and growth stage
and the amount of water that is able to pass through the root
zone [16]. Soil electrical conductivity increased as a result of
increment of salinity levels of irrigation water and saline
water can affect soil physical properties by causing fine soil
particles to bind together into aggregates [16]. Irrigation with
water of marginal quality could lead to the buildup of new soil
characteristics that affect soil fertility and lead to lower
productivity [6, 15]. Irrigation water quality problems can be
caused by total mineral salts accumulation so that crops can’t
be produced well due to the development of sodic soils and
accumulation of toxic levels of elements such as chloride,
sodium and boron, these elements could make the land un-
productive that incurs additional cost soil and water for
leaching [4]. Excess amounts of chloride, boron, and sodium
ions in irrigation water can be harmful to normal plant growth
[7]. The criteria for the quality of irrigation water are classi-
fied as water salinity (EC), sodium adsorption ratio or sodium
hazard (SAR), residual sodium carbonate (RSC), sodium
percentage (%Na), soluble sodium percentage (SSP) and
Kelley’s ratio (KR) [11, 2]. The water quality and suitability
for irrigation are indicated by water quality parameters such
as pH, electrical conductivity, sodium adsorption ratio, re-
sidual sodium carbonate, exchangeable bases, carbonate,
bicarbonate and chloride [2]. For salinity problem: electrical
conductivity (EC) or total dissolved solids (TDS); for infil-
tration: calcium, sodium, magnesium, and sulphate as well as
electrical conductivity; for specific ion toxicity: sodium,
chloride boron, and chromium; and for miscellaneous: nutri-
ents (nitrate-nitrogen, ammonium-nitrogen, orthophosphate,
and potassium), bicarbonate, carbonate, and pH should be
determined [17]. Permeability affects infiltration rate of water
into the soil and it is determined by the relative concentrations
of salinity and sodicity [13]. The order of bases in quality
water or soils is calcium>magnesium>potassium>sodium and
deviations from this order create ion-imbalance problems for
plants [8]. The widely considered chemical properties of soil

include pH, electrical conductivity (EC,, or ECg), exchange-
able basic cations, available phosphorus, available sulfur,
organic carbon, total nitrogen, and micronutrients while,
widely used soil physical properties include soil texture, bulk
density, soil moisture content at field capacity (FC) and per-
manent wilting point (PWP), and infiltration rate [8].

Different scholars have studied that irrigation Agriculture is
one of main crucial way to achieve the food security; however,
it is quality of irrigation water which determines the level of
soil productivity because the extent of quality irrigation water
affects the suitability of soil physico-chemical properties to
produce crops. Especially, use of quality irrigation water is
the key determinant of soil productivity to produce crops on
saline, saline-sodic and sodic soil of arid and semiarid regions.
Information about soil salinity/sodicity and irrigation water
quality status plays a vital role for proper management of
agricultural fields [10]. The main objective of review article is
to review previously conducted investigations concerning the
effect of irrigation water quality on soil physico-chemical
properties in Ethiopia and to discuss results of the investiga-
tions and limitation of conducted investigations.

2. Methodology of Review

This review article was reviewed using different secondary
sources from published Research Journals and Articles.
Journals and articles concerned on both the irrigation water
quality of irrigated field and soil physico-chemical properties
were used to prepare this review paper. The review paper was
reviewed from journals of [1, 10, 12, 18] and from Atrticles of
[4, 15]. The study was conducted on the impact of water
quality and irrigation practices on soil salinity and crop pro-
duction at Gergera Watershed, Atshi-Wonberta, Tigray, and
Northern Ethiopia [4]. The investigation was investigated to
evaluate the effects of Beseka Lake on irrigation water quality,
soil physico-chemical properties and Cotton vyield [12].
Awash River and Beseka Lake blended water were mixed as
treatment to conduct study in the middle Awash Basin Ethi-
opia in the ratio of 92% of Awash River to 8% of Beseka Lake
water (Ty), T»:90% of Awash River to 10% of Beseka Lake
water, T5:85% of Awash River to 15% of Beseka Lake water,
T4:80% of Awash River to 20% of Beseka Lake water, T5:75%
of Awash River to 25% of Beseka Lake water, T¢:70% of
Awash River to 30% of Beseka Lake water, T,:50% of Awash
River to 50 of Beseka Lake water and T5:100% of Awash
River to 0% of Beseka Lake water (Tg) [12]. The investigation
was conducted to characterize the physicochemical charac-
teristics of soils and irrigation water qualities (Errer River and
ground water irrigation) under four land use types
non-cultivated (profilel), two irrigated cultivated (profile 2 &
3) and none irrigated cultivated lands (profile4) of Babile
District in Eastern Ethiopia [1]. The study was studied to
characterize the salinity/sodicity status of soils of irrigated
lands and irrigation water quality at Raya Alamata District at
Tumuga and Gerjale sites [10]. The study was conducted to
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evaluate the effect of on-farm water management practices
and irrigation water sources on soil quality at Adamitulu
District in the South Western Shewa zone of the Oromiya
Regional State of Ethiopia [18]. The study was conducted to
assess the impact of using water from Lake Abaya for irriga-
tion and its impact on soil quality at Wajifo and Fura, Mirab
Abaya, Ethiopia [15].

Accordingly, pH, salinity (EC), sodium adsorption ratio
(SAR), residual sodium carbonate (RSC), soluble sodium
percentage (SSP) and Kelley’s ratio (KR) of irrigation water
quality used for irrigating study site were reviewed. The effect
of irrigation water on soil moisture content, water holding
capacity and soil infiltration rate were reviewed among soil
physical properties and soil pH, electrical conductivity (EC),
exchangeable bases, soluble ion, sodium absorption ratio
(SAR), exchangeable sodium percentage (ESP), organic
carbon, and phosphorus were reviewed among soil chemical
properties from these Journal and Articles.

3. Discussion of Review

3.1. Effect of Irrigation Water Quality on
Selected Physical Properties of Soil

Soil texture (particle size distribution), bulk density, and
water holding capacity at field capacity and permanent wilting
point are some of the physical properties [12]. The soil
moisture content, water holding capacity and infiltration rate
of soil were reviewed among the physical properties.

3.1.1. Effect of Irrigation Water Quality on Soil
Moisture Content and Water Holding
Capacity

Soil physical properties water-holding capacity showed no
change after application of the blended water and it indicated
that the effect of blended water on the soil will need further
experiment and assessment [12]. Even though further ex-
periment is very necessary to reveal it, but this could be due to
applied mixed water per planting season couldn’t increase
sodicity and salinity of soil to extent of affecting the soil
structure and varying soil porosity to alter water holding ca-
pacity of soil.

The lowest and the highest soil water content at field ca-
pacity (FC) were 32.45v/v and 42.88v/v in the surface
(0-30cm) in profile 4 and bottom layer (90-150+cm) of profile
2, while the lowest and the highest soil water contents recorded
at PWP were 17.82v/v and 23.56v/v in the surface (0-30cm)
layers of profile 1 and the sub surface (90-150+cm) layer of
profile two respectively [1]. The available water holding ca-
pacity varied from 13.04 to 21.57 within profile and the values
of AWHC of profile 1, 2 and 3 were slightly higher than the
other profile4; this could be due to the increased retention of
moisture with increasing clay contents at FC and PWP [1]. The
moisture content of irrigated cultivated soil surface (profile 2
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and 3) at field capacity (FC) was sufficient for clay soil, but
there was only small range variation between irrigated soil
surface and non-irrigated soil surface and the values of availa-
ble water holding capacity of irrigated soil surface (profile 2
and 3) were higher than the none irrigated cultivated soil sur-
face but there could be small clay clogging which may enhance
holding capacity in irrigated land soil surface (profile 2 and 3)
due to sodium content of irrigation water used.

3.1.2. Effect of Irrigation Water Quality on Soil
Infiltration Rate

Soil physical properties infiltration rate after application of
the blended water indicated that the effect of blended water on
the soil of Werer, middle Awash Basin site will need further
experiment and assessment [12]. Even though, SAR content
of mixed water was medium to high to cause the sodicity
hazard, soil clay dispersion extent wasn’t high enough to
affect soil moisture content.

Soils of Bisidimo steady state infiltration ranged from 2.2
to 3.0cm/hr and cumulative infiltration rates ranged from 22.6
to 29.7cm, but the soil in non-irrigated cultivated land (profile
4) showed the highest infiltration rate at the beginning and
decreased steadily at different rates which could be due to
relatively higher sand and lower clay content relative to pro-
files 1, 2 and 3 [1]. The relatively lower infiltration rates of
soils in irrigated cultivated land (profile 2 and 3) could be due
to higher soil exchangeable Na (ESP>15%), clay content and
the higher soil SAR values of irrigated cultivated land (profile
2 and 3) which could induce soil dispersion and structural
deterioration leading to lower infiltration rates [1]. The steady
infiltration rate of soils of the Bisidimo, Babile District was
optimally suitable, but relatively lower infiltration rates of
soils in irrigated cultivated lands (profile 2 and 3) could be
because of sodium adsorption impact from repeated use of
irrigation water without proper management since RSC con-
tent of groundwater was 3.11meq/L>2.50meqg/L which was
high enough to rise sodium content of soil due to precipitation
of calcium and magnesium in bicarbonate and carbonate
forms which could reduce soil infiltration and permeability
because of dispersion of clay soil.

3.2. Effect of Irrigation Water Quality on
Selected Chemical Properties of Soil

The soil chemical properties are soil pH, electrical con-
ductivity (EC), cation exchange capacity (CEC), exchangea-
ble bases (Ca, Mg, K and Na), soluble bases (Ca?*, Mg®*, Na",
K™"), anions (CI, HCO3, CO5%) [12]. Soil chemical parame-
ters are pH, electrical conductivity (EC), total nitrogen, or-
ganic carbon, phosphorus, cation exchange capacity (CEC),
exchangeable bases (Ca**, Mg®*, K*, and Na") [18]. The soil
chemical properties like soil pH, electrical conductivity (EC),
exchangeable bases (Ca, Mg, K and Na), soluble bases (Ca**,
Mg®*, Na*, K*), anions (CI, HCOg3, CO5%), sodium absorp-
tion ratio (SAR) and exchangeable sodium percentage were
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reviewed.

3.2.1. Effect of Irrigation Water Quality on Soil pH

The soil pH related to HDW was slightly acidic (6.5 to 8.0)
compared to pond related soil which was slightly basic (7.50
to 8.20) at Gergera watershed [4]. This indicate that pH of
irrigated subsurface soil (20-60cm) was alkaline and at nor-
mal condition but, decreasing of pH with depth could be be-
cause of upward movement of ground water over leaching.

Mixed Beseka and Awash water irrigation treatments ap-
plied to the field increased soil pH in the experiment site and
soil pH increased after cotton harvest involving Awash water
as the first pre irrigation, and fluctuated around (8.5 to 8.9)
values attained during the experimentation [12]. Lower pro-
portion 8, 10 and 15% blended water application and inter-
vening higher rainfall might have helped to reduce the soil pH
after harvesting in treatments T(8.50), T»(8.70) and T5(8.60)
while, maximum soil pH was found in T5(8.9) treatments
involving a blended water with mixed ratio except Tg(8.7)
which has nearly the same pH before planting and this could
mainly be attributed to the fact that the maximum ratio of
Beseka water will affect fresh water quality of Awash River
and results clearly indicated that if Beseka water is diluted to
Awash River at a rate higher than currently in use, which is 2%
it will affect the cotton yield and soil quality [12]. Increasing
of irrigated soil pH at T (25% of Beseka Lake water to 75%
of Awash water) could be due to impact of sodium salt from
Beseka Lake water, but fluctuation of soil pH with increment
of Beseka Lake water proportion require further investigation.

The pH of the surface soil of non-irrigated cultivated land
(profile 4) of Bisidimo, Babile district was slightly alkaline
(pH:7.76) and increased almost consistently but slightly with
depth to moderately alkaline (pH:8.23) at the lower layer
while soils of irrigated cultivated land (profile 2 and 3) of
Bisidimo, Babile district were alkaline (pH>8.35) throughout
the entire depths of their respective layers and increased al-
most consistently with depth; this could be due to the domi-
nance of Na* among the cations and the presence of sufficient
amounts of HCO;3™ ions among the anions [1]. Accordingly,
the pH of irrigated cultivated soil surface (profile 2 & 3) of
Bisidimo, Babile district were higher than pH of both none
irrigated cultivated soil surface (profile 4) and non-cultivated
soil (profilel) soil numerically and this could be because of
gradual effect of basic salts of irrigation water of Errer River
and Ground water which were used for irrigating the culti-
vated soils surface (profile 2 & 3).

The pH of irrigated field of Adamitulu ranged from 8.13
(Tr-2) to 8.69 (Tr-4) and the data indicate that lower and
higher values for both parameters were observed in FP fields
but, both fields were irrigated with different water sources
during the experimentation period and its value in WFD field
conditions gets low (8.39) as compared to its value (8.41) in
FP fields and its initial value (pH=8.20) [18]. In addition, the
spatial variability pH for the surface, subsurface, and subsoil
showed significant difference at P<0.05 across the depth and
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source of water used and the values of pH across the depth
ranged between 7.5 (subsoil) and 8.3 (surface soil) and the
highest value observed in groundwater irrigated fields [18].
Higher values soil pH was observed in groundwater Adam-
itulu irrigated fields and the ground water irrigation could
affect for soil pH relative to surface water irrigated soil.

The analytical results of soil reaction (pHe) from saturated
paste extract of the surface soil ranged from 8.01 to 8.47 with
an average value of 8.29 and from 7.96 to 8.41 with an av-
erage value of 8.21 at Tumuga and Gerjale irrigation sites,
respectively [10]. Reason for the higher soil pHe values of the
study area could be due to relative abundance of alkaline
forming cations from both groundwater and surface water
used for irrigation.

Soil pH at Wajifo, Algae and Fura pre- and post-harvest
was varied numerically, but the differences were statistically
insignificant at the 95% confidence interval (p% 0.06, 0.88,
0.98, respectively) [15]. Furthermore, the soil pH was similar
for irrigated and rain-fed areas but the variation in pH of the
irrigated soils is less than that of the rain-fed soils, and statis-
tically insignificant at 95%, however, Lake Abaya water did
not affect soil pH [15]. The values of soil pH for both
pre-harvest and post-harvest irrigated soil and rain fed soil pH
of both Wajifo and Fura were slightly alkaline to alkaline, but
variation in pH between pre-and post- harvest of irrigated soil
and rain fed weren’t observed.

3.2.2. The Effect of Irrigation Water Quality on
Electrical Conductivity of Soil

The electrical conductivity values at 25<C for soil samples
from HDW irrigated land of Gergera watershed varied from
17 and 1445 S/cm and EC of the soil from pond water irri-
gated land ranges from 51 to 1734 |S/cm and EC values for
soils from hand dug-well water irrigated land of Gergera
watershed in general are lower compared to soil from pond
water irrigated land and EC values decrease downwards with
depth [4]. This implied that EC of irrigated subsoil with hand
dug well water and pond water were none-saline.

Electrical conductivity of soil at experiment site before
planting was 0.81, 0.83 and 1.92 dS/m at 0 to 30, 30 to 60 and
60 to 90 cm depth, respectively and the EC of the soil in-
creased at harvesting time as compared to before planting [10].
Accordingly, electrical conductivity of the soil obtained in
irrigation treatments T; (1.60 dS/m), T (1.30 dS/m) and Ts
(1.34 dsS/m) were higher than other treatments [10]. Electrical
conductivity (EC) of after harvesting soil was increased per
treatments relative to EC of pre-planting soil with increment
of Beseka Lake water proportion, but inconsistent with
Beseka Lake water percentage volume.

The ECe of non-cultivated land (profilel) of Bisidimo,
Babile district decreased inconsistently with depth from 5.22
to 3.62dS/m and non-irrigated cultivated land (profile4) de-
creased inconsistently with from 5.12dS/ m to 3.86dS/m and
the inconsistent distribution of soluble salts within the profile
could be due to the upward (capillary) movement of salts in
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saline ground water was more dominant than downward
(leaching) movement of salts with rain waters [1]. In contrary
to ECe of non-cultivated land (profilel) of Bisidimo, Babile
district and ECe of irrigated cultivated land (profile4) of Bi-
sidimo, Babile district, the ECe of irrigated cultivated land
(profiles2) of Bisidimo, Babile district was increased from
4.46 to 5.88dS/m consistently and ECe of irrigated cultivated
land (profiles3) of Babile district was increased from 4.68 to
5.48dS/m consistently, but gradually with profile depth and
this could be attributed to the dominance of downward
leaching/ removal of soluble salts over surface accumulation
of salts [1]. The values of soil electrical conductivity indicate
that upward movement of saline ground water was observed
in both non-irrigated cultivated land (profilel) and irrigated
cultivated soil (profile4) of in the profile depth while down-
ward leaching of soluble salts was observed in both of irri-
gated cultivated soil (profiles 2 &3) of in profile depth. The
electrical conductivity of non-cultivated soil surface of Bisi-
dimo, Babile district were ranged in moderately saline.

The EC of irrigated soil of Adamitulu ranged from 0.61
dS/m (Tr.,) to 1.03 dS/m (Tr_4) and the data indicate that lower
and higher values for both parameters were observed in FP
fields but the EC values did not show any significant variation
among treatments [18]. The higher value for EC was observed
in groundwater irrigated fields and irrigation water source has
pronounced effects on soil quality aside from management
practices, however, the average value of both parameters
(EC=0.84) remains below the limit [18]. All irrigated fields
soil across the depth are non-saline and electrical conductivity
of surface water irrigated fields ranged 0.27 to 0.63dS/m in
profile depth and electrical conductivity of groundwater irri-
gated fields 0.50 to 0.78 dS/m in profile depth [18]. The re-
sults of soil EC implied that water sources used and on-farm
irrigation management practices showed variation numeri-
cally on soil quality parameters and higher value of EC was
observed in groundwater irrigated fields. The ground water
irrigation had higher effects for soil salinity development.

The irrigated surface soil exhibited high variation with re-
spect to ECe values for both sites and accordingly, ECe values
varied from 0.03 dS/m to 4.15dS/m at Tumuga site and from
0.05 dS/m to 7.45 dS/m in Gerjale site [10]. In addition, the
ECe value of the soil profile also increased slightly with depth
for both sites and this implied that the down ward movement
of the salt (leaching) was dominant over that of the upward
(capillary) movement of salts [10]. Electrical conductivity of
soil ranged from non-saline to saline, but spatial variations in
EC of irrigated soil surface were high at both Tumuga and
Gerjale sites, but variation in EC was higher at Gerjale site
from 0.05 dS/m to 7.45 dS/m and this could be due to irriga-
tion water sources and management implemented in addition
to dynamic property of soil in its content even per spot.

The soil EC at Wajifo and Fura decrease between the pre-
and post-harvest seasons, but the changes were insignificant at
95%, however, the soil EC at Algae rose and the increase was
statistically significant [15]. The values of pre-harvest soil EC
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for both irrigated soil and rain fed soil of both Wajifo and Fura
were none-saline. The soil EC of post-harvest slight decreased
numerically relative to its pre-harvest soil EC for both irri-
gated soil and rain fed soil at both Wajifo and Fura. This could
be because of moderate leaching of salts below root zone and
absorbance of salts by crops. The soil EC of prost-harvest
increased numerically relative to its pre-harvest soil EC for
irrigated soil at Algae.

3.2.3. The Effect of Irrigation Water Quality on Total
Dissolved Salt

The average value of soil TDS in WFD installed Adamitulu
fields is 528 mg/l compared with 547.23mg/L in FP fields and
indicated that aside from management practices, irrigation
water sources would also play a role in salinity build-up
around the root zone, however total dissolved solutes (TDS)
during the study periods did not show any variation among
treatments statistically [18]. Total dissolved salt (TDS) of soil
values in the study Adamitulu field ranged from 306.40 to
1742.90 mg/L and relatively its higher value was observed at
surface soils in groundwater irrigated fields but TDS values
across the depth under both water sources irrigated fields did
not show such variation statistically [18]. Soil surface was
affected due to salt from irrigation water because high total
dissolved salt content of soil surface relative other soil profile
depth numerically. The results of soil TDS implied that water
sources used and on-farm irrigation management practices
showed differences in numeric on soil total dissolved salt
content. The ground water could cause salinity in irrigated soil
relative surface water.

3.2.4. Effect of Irrigation Water Quality on Sodium
Adsorption Ratio (SAR) and Exchangeable
Sodium Percentage (ESP) of Soil

The SAR values of hand-dug wells and ponds water irri-
gated soil of Gergera watershed range from 0.19 to 1.27 while
the exchangeable sodium percentage (ESP) results were be-
low 1% and both values were categorized under normal range
[4]. Both SAR and ESP of irrigated soil content were low to
affect soil physical and chemical properties and this imply
that both sources of water couldn’t affect soil quality due to
SAR of water sources were within recommended limit.

Exchangeable sodium percentage of experiment soil values
of Werer, middle Awash Basin site were obtained in a range
(11.10 to 15.13 %) at a depth of (0 to 0.3 m) and a soil in Tg
(Awash River without mixed Beseka water) and irrigation
treatments involving the use of mixed Beseka with Awash
water increased ESP with increasing mixing ratio T, (15.13%)
and Ts (13.86%) [12]. The same results were obtained in T,
(12.61%), T3 (12.61%), T, (12.61%) and T (12.61%) with
that of Tg (11.61%) having 100% Awash and this could be
mainly due to rainfall, and leaching downward might be the
case [12]. The exchangeable sodium percentage of after har-
vesting soil surface values were increased relative to
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pre-planting soil surface with increment of Beseka Lake water
proportion at Ts (25% of Beseka Lake water to 75% of Awash
water) and T (50% of Beseka Lake water to 50% of Awash
water) and this could be because of sodium salt content of
Beseka Lake water but increment remain constant (12.61%) at
other proportion of Beseka Lake water proportion.

The sodium adsorption ratio (SAR) of the soil solutions
ranged from 5.89 to 6.69 in non-cultivated land (profile 1),
13.41t0 13.92 in irrigated cultivated land (profile 2), 14.41 to
16.64 inirrigated cultivated land (profile3) and 6.85 to 7.68 in
non-irrigated cultivated land (profile 4) of Bisidimo, Babile
district and the SAR of the saturated paste extracts of the soils
in profile 1 and 4 of Bisidimo, Babile district were medium
but SAR values were higher for irrigated cultivated land
(profile 2 and 3) throughout the horizons which may induce
soil dispersion and structural deterioration leading to infiltra-
tion problems [1]. The mean ESP of soils varied from 11.19 to
21.34% and showed a declining trend with increasing soil
depth following the same trend as distribution of exchangea-
ble Na; thus, soils near irrigated cultivated land (profile 2 and
3) of Bisidimo, Babile district had very high ESP (>15%)
classified as sodic/saline sodic, while soils under profile 1 and
4 of Bisidimo, Babile district had lower ESP (<15%) values to
qualify for saline soil [1]. The ESP was high at the surface
horizons might be due to the capillary rise of the ground water
during the dry season and evapotranspiration leaving the salts
on the surface horizon continually. The SAR and ESP of the
irrigated cultivated land soil surface (profile 2 and 3) were
higher than that of non-cultivated land soil surface (profilel)
and non-irrigated cultivated land soil surface (profile 4) and
this could be because of irrigation water sources in the study
area contained low to medium concentration of sufficient
dissolved salts that could gradually increase salt in the soils
profile under continuous irrigation.

The sodium adsorption ratio (SAR) and exchangeable so-
dium percentage (ESP) content of Adamitulu irrigated field
during the study period showed significant variations at
P<0.05 across the season and among treatments [18]. In ad-
dition, the average value of exchangeable sodium percentage
(ESP) in WFD fields (9.8%) is lower than the value of ex-
changeable sodium percentage (ESP) in FP fields (14.3%) and
this highlighted the importance of irrigation management to
reduce the adverse effects of irrigation practices on soil qual-
ity in the area [18]. The values of ESP across the depth ranged
from 3.74 to 11.27% and its higher value were observed in
subsurface (30-60 cm) soil in groundwater irrigated fields and
its values showed significant variation across the depth and
source of water used, but the analysis revealed that the
sodicity problem was more pronounced under the ground-
water user's fields [18]. The sodium adsorption ratio (SAR)
and exchangeable sodium percentage (ESP) values before
planting soil surface showed increment from after harvesting
irrigated soil surface values of SAR and ESP. This could be
because of the value of SAR for the surface water irrigation
was 7.56(meq/L)%° and it was slight to moderate based on the

degree of restriction on use for irrigation purpose whereas
average SAR value groundwater of was 10.52(meq/L)>*
above permissible value and had a limitation on use for irri-
gation purpose. The SAR and ESP of after harvesting irrigated
soil showed increment relative to its pre-planting irrigated soil
and sodium level can deteriorate the soil physical properties.
The average value of soil ESP under wetting front manage-
ment was lower than the value of ESP in farmer’s soil field
management due to management options. The values of ESP
were decreased in trend with increasing depth in the soil pro-
file. This could be because of sodium salt leaching from soil
surface in the bottom layer.

The sodium adsorption ratio (SAR) of the soil solution
ranged from 0.39 to 4.05(meq/L)%° for surface soils of Tu-
muga site and it was ranged from 0.57 to 6.72(meq/L)%* at
Gerjale site but, SAR of the soil profiles did not reveal any
consistent trend in both sites [10]. The values of sodium ad-
sorption ratio (SAR) and exchangeable sodium percentage
(ESP) of irrigated soil implied that the soil was affected by
sodicity hazard in some extent at some sampling spot of both
irrigation sites and this could be due repeated use of irrigation
water without proper management but irrigation water of the
sites was within critical limit.

The change in soil ESP (p¥0.047) was statistically
significant (at 95%) in the Wajifo irrigated soil, but were all
insignificant in the rain-fed soil while the average soil SAR
values at Algae, Wajifo, and Fura were within the FAO
recommended range of 0 to nine [15]. The exchangeable
sodium percentage (ESP) of Wajifo, Fura and Algae pre-and
post-harvest irrigated soil and rain fed soil were low to cause
soil structure deterioration, even though residual sodium
carbonate (RSC) and sodium adsorption ratio (SAR) contents
of irrigation water were high enough to increase sodium level
to extent of soil sodicity hazard.

3.2.5. Effect of Irrigation Water Quality on Kelley’s
Ratio, Permeability Index (PI) and Soluble
Sodium Percentage (SSP) of Soil

The average KRs for the soils at Algae and Fura both ex-
ceeded one, indicating soil sodium hazards but if a soil’s KR
is below one, it can be irrigated [15]. The value differences of
SSP weren’t statistically significant between pre- and
post-harvest at Wajifo, Algae and Fura but, soil PI differences
at Fura were statistically significant (95%) according to [15].
Variation between Kelly’s ratio (KR) and soluble sodium
percentage (SSP) content of pre-and post-harvest irrigated soil
weren’t observed but soluble sodium percentage (SSP) value
was increased in post-harvest soil numerically at Algae and
Fura relative its pre-harvest soil but Kelly’s ratio (KR) and
soluble sodium percentage (SSP) content Abaya Lake water
were high enough to increase Kelly’s ratio (KR) and soluble
sodium percentage (SSP) content of post-harvest soil. Per-
meability Index (PI) content of post-harvest soil was in-
creased relative its pre-harvest and this might be because of
permeability index (90.91%) of Abaya Lake water.
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3.2.6. Effect of Irrigation Water Quality on Soil
Exchangeable Cations

The abundance of the basic exchangeable cations content of
soil of Bisidimo, Babile district showed consistent trends with
increasing depths and were in the order of Ca>Mg>Na>K in
profile 1 and 4, while the order reversed to Ca>Na>Mg>K in
profile 2 and 3 [1]. Accordingly, soils exchangeable Na con-
tent in irrigated cultivated land (profile 2 and 3) were higher
than soils in profile 1 and 4 compared to the critical level that
brings deterioration of soil structure and Na toxicity [1]. Toxic
level concentration of exchangeable sodium (Na) could be
due to continuous use of the irrigation water for crop produc-
tion. The value of calcium (Ca®") to magnesium (Mg*") ratio
of non-cultivated soil surface (soil profilel), irrigated culti-
vated soil surface (profile2), irrigated cultivated soil surface
(profile3) and none irrigated cultivated soil surface (profile 4)
were 4.04:1, 4.17:1, 4.077:1 and 3.77:1, respectively. The
values of Ca*" to Mg?* ratio of irrigated cultivated soil surface
(profile2) and irrigated cultivated soil surface (profile 3) and
non-cultivated soil surface (profilel) were categorized under
optimum or balanced ratio whereas that none irrigated culti-
vated soil surface (profile4) was categorized under below
balanced Ca®* to Mg** ratio. Placement of magnesium instead
of sodium in Ca>Na>Mg>K in irrigated cultivated Land
(profile 2&3) relative to normal order of exchangeable cation
Ca>Mg>Na>K content of soil could be due to repeated use of
groundwater with RSC (3.11>2.50meg/L) which could rise
sodium extent of the soil by precipitating calcium and mag-
nesium in carbonates form in the soil.

The values of Adamitulu irrigated field exchangeable bases
(Ca®*, Mg®*, K" and Na®) were showed variations among
treatments and exchangeable bases showed an increasing
trend except Ca?* compared to their initial values at the end of
the growing season and this increment might be attributed due
to differences in irrigation management implemented and
water sources used and higher values for these parameters
were observed in FP fields during the study periods [18].
Furthermore, the total exchangeable bases showed slightly
increasing trend under groundwater irrigated fields, however,
Mg?* concentration gets high under surface water irrigated
fields and paying attention to the implementation of certain
irrigation water management practices is critical to main-
taining soil fertility in the area in addition to consideration of
groundwater quality to sustain agriculture in the area [18].
The Adamitulu before planting soil exchangeable calcium
(Ca®") to magnesium (Mg?*) ratio was 1.46:1 under farmer’s
practice with surface water and 2.23:1 under wetting front
detector management with surface water irrigation whereas
after Adamitulu harvesting soil surface values of exchangea-
ble calcium (Ca”*) to magnesium (Mg*") ratio of soil irrigated
farmer’s field with surface water was 1.48:1 under farmer’s
practice management and 2.95:1 under wetting front detector
management and before planting values exchangeable cal-
cium (Ca?") to magnesium (Mg®") ratio was 1.86:1 under
farmer’s practice with ground water and 1.62:1 under wetting
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front detector management with ground water irrigation
whereas after harvesting values soil surface of Adamitulu
exchangeable calcium (Ca®") to magnesium (Mg?*) ratio of
soil irrigated farmer’s field with ground water irrigation was
2.69:1 under farmer’s practice management and 3.13:1 under
wetting front detector management with ground water. The
Adamitulu soil surface exchangeable calcium (Ca®*") to
magnesium (Mg?*) ratio of irrigation site was varied 1.46:1 to
3.13:1 and content of soil calcium was low relative magne-
sium and calcium availability to crops can be affected due to
high level of magnesium. The Adamitulu soil surface ex-
changeable calcium (Ca*") to magnesium (Mg?") ratio was
improved after irrigation under Adamitulu surface water and
groundwater.

The exchangeable calcium (Ca) followed by exchangeable
magnesium (Mg) were the dominant basic cations in the ex-
change complex of the surface and soil profiles for both sites
of the Tumuga and Gerjale sites [10]. The magnitude of the
soil exchangeable cations for both sites were in the order of
Ca>Mg>Na>K at Tumuga site and Gerjale site but, both of
the exchangeable bases in all sites of the soil profiles did not
show consistent trend with increasing soil depth [10]. The
exchangeable sodium (Na*) was varied from moderate to very
high and exchangeable potassium (K*) was varied from very
low to high at Tumuga irrigated soil surface and Gerjale ir-
rigated soil surface content of exchangeable sodium (Na®)
was varied from low to very high and potassium (K*) was
varied from moderate to high. Exchangeable calcium (Ca?*)
and exchangeable magnesium (Mg?*) were ranged from high
to very high at both Tumuga and Gerjale irrigated soil surface.

3.2.7. Effect of Irrigation Water Quality on Organic
Matter and Available Phosphorous

The highest OM content (4.9%) was observed at managed
fields compared to unmanaged fields (3.1%) and the high
value of (AP=30 ppm) was observed under WFD installed
fields as compared to FP fields (AP=17 ppm) [18]. The OM
and available phosphorous values in the Adamitulu field were
significantly varied at P<0.05 among studied treatments and
implied that treatment effects were noticeable and confirmed
that irrigation management and water sources could influence
soil quality [18]. In addition, the soil OM and AP showed a
clearly observable increase in the case of groundwater user
fields compared to surface water user fields [18]. The value of
before planting soil organic matter (OM) was varied from
1.95% to 1.98% with surface water and it was under moderate
range having average soil structural stability whereas after
harvesting values of surface water irrigated soil organic mat-
ter (OM) was varied from 2.25% to 5.01% and categorized
under moderate to high range having average to high soil
structural stability. Before planting values of ground water
irrigated soil of Adamitulu field content of organic matter
(OM) was 1.52% to 1.88% which was in low to moderate
range having average to high soil structural stability while
after harvesting values of ground water irrigated soil organic


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

American Journal of Life Sciences

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

matter (OM) was varied from 3.86% to 4.81% was in high
range having high soil structural stability. The values of soil
organic matter (OM) irrigated with both water sources were
within acceptable range but, Adamitulu irrigated soil with
ground water contained higher soil organic matter (OM) and
available phosphorus relative to soil irrigated with surface
water. This might be due to increment of organic matter in
irrigated field could be due to micro-flora, micro-fauna and
other particulates (biological oxygen demand) in groundwater
that can be decomposed in soil after irrigation in addition to
water sources and its management which can highly influence
soil quality. The ground water irrigation improved soil fertil-
ity of soil organic matter (OM) and available phosphorus
relative to surface water irrigation water.

The change in OC (p'0.031) was statistically significant
(at 95%) in the Wajifo irrigated soil, but insignificant in the
rain-fed soil [15]. The change in soil OC between pre-and
post-harvest weren’t observed due to Abaya Lake irrigation
water at Algae and Fura statistically, but variation in OC
content between pre-and post-harvest irrigated soil and rain
fed soil was observed statistically at Wajifo site only, but
post-harvest OC (0.96%=0.14%) content of irrigated soil was
decreased relative its pre-harvest OC (1.50%30.09%) content
of soil. This might be because of low content of other organic
particulate (biological oxygen demand) that can be decom-
posed in the soil after irrigation.

3.2.8. Effect of Irrigation Water Quality on Soil
Soluble lons

Sulphate values were higher compared to others in both
types of soil followed by chloride and bicarbonate and sul-
phate values are lower in HDW soil of Gergera watershed (12
to 23 mg/L) compared to pond-related soil of Gergera wa-
tershed (7.2 to 52.3 mg/L) and in both the cases no clear trend
is observed with depth while, chloride also showed similar
trend like sulphate indicating higher values for pond- associ-
ated soil (7 to 35 mg/L) compared to HDW associated soil (7
to 28 mg/L) and do not show any clear trend with depth;
bicarbonate on the other hand showed downward decrease in
soil profile in both HDW (nil to 0.9 mg/L) and pond-related
soil (nil to 36.6 mg/L) [4]. This implies that sulphate and
chloride salts were dominant in both HDW and pond water
irrigated soil but salinity level of HDW water (0.57 to
1.358dS/m) more than pond water (0.15 to 0.695dS/m).

Soluble Na* and Ca** content of soil of Bisidimo, Babile
district were the dominant cations, whereas CI" and SO4*
were the dominant anions in all profiles and anions gradually
decreased with depth almost linearly in profiles one and four
[1]. In addition, soluble Na* was the dominant cation followed
by soluble Ca**, whereas soluble Mg®* and K* were present in
relatively lower concentrations in profiles 2 and 3, but CI" and
SO4% were dominant anions throughout the soil layers of
these profiles [1]. Higher extent of soluble salts at the under-
lying horizons than the surface layers revealed that the
leaching of the salts were dominant over that of the upward
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movement of salt groundwater. This indicates that sodium
chloride, sodium sulphate, calcium sulphate and calcium
chloride were dominant salt in irrigated cultivated land (pro-
files 2 and 3) and this could be because of repeated use of
irrigation groundwater without management.

Ca®" followed by Na*> Mg? > K" in this order were domi-
nant soluble cations and CI = SO,* followed by HCO; were
dominant among the anions in Tumuga surface soils while
Na* followed by Ca*, Mg? and K* in this order were the
dominant soluble cations and SO,* = CI or followed by CI
and HCO;™ were dominant among the anions at Gerjale site
[10]. This imply that calcium salts of bicarbonate, carbonate,
chloride and sulphate were dominant followed salts of sodium
chloride and sulphate in irrigated soil surface of Tumuga site
whereas sodium salts of chloride and sulphate were dominant
in irrigated soil surface of Gerjale site and sodium salts of
chloride and sulphate were dominant in the soil profile depth
due to leaching of water containing sodium salts of chloride
and sulphate.

3.3. Quality of Applied Irrigation Water to Soil
of Agriculture

The analysis determined the concentration of pH, EC, OC,
COs%, HCOg, CI', K*, Ca?*, Mg*, Na*, and B for irrigation
water quality [18]. The pH, salinity (EC), sodium adsorption
ratio (SAR), residual sodium carbonate (RSC), soluble so-
dium percentage (SSP) and Kelley’s ratio (KR) of irrigation
water quality were reviewed.

3.3.1. pH and Salinity (EC) of Irrigation Water

The electrical conductivity values for water (EC,,) from
HDW ranged from 570 to 1358 with a mean value of
887S/cm and for pond at Gergera watershed EC ranged from
150 to 695 with a mean value of 441S/cm while, pH values
vary from 7.7 to 7.9 for water from HDW at Gergera water-
shed and 6.7 to 8.3 from ponds [4]. No restriction to use HDW
and pond water for irrigation for almost all crops and for
almost all kinds of soils as no soil or cropping problems will
rise [4]. The EC values indicate that HDW water was
none-saline to moderate and pond water was none-saline
whereas pH of both water sources was slightly alkaline to
alkaline.

A six month result showed high values of pH occurred in
May (9.88) and low value was obtained at March (8.80) while,
the result found in June (9.12), July (9.23) and August (9.13)
were decreasing, in fact this might be due to high flood during
rainy season and results indicate that the value of pH in-
creased after Beseka water blending point [12]. The EC value
of blended (Awash and Beseka) irrigation water of the study
area ranged from 1.606 to 2.97 dS/m while, maximum EC of
Blended irrigation water obtained from treatment (T7,50%)
was 2.97 dS/m and all Blended irrigation treatments were
increased with increasing mixed ratio [12]. Furthermore, high
values of EC occurred in August (2.16 dS/m) and low was
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obtained in April (1.90 dS/m) whereas the result found in
March (2.60), May (1.92), June (1.98) and July (2.03) were
decreasing; in terms of the degree of restriction on use, EC
values of all treatments are categorized under slight to mod-
erate in terms of salinity hazard [12]. Beseka lake water was
responsible for increment of both pH and EC could be due its
sodium salt content and alkalinity of calcium and magnesium
salts content of lake water from its proportion.

The EC values of the ground water ranged from 0.57 to
0.61dS/m with mean value of 0.53 dS/m which was higher
than the EC (0.35dS/m) values of Errer River and values were
lower than permissible value and none saline [1].

The pH of the irrigation water varied from 7.59 to 8.82 and
7.60 to 8.48 at Tumuga and Gerjale sites, respectively while,
electrical conductivity of irrigation water (EC,,) ranged from
0.13 to 0.34 dS/m at Tumuga and from 0.07 to 0.37 dS/m at
Gerjale [10]. The irrigation water quality of the study area
classified as slight to moderate and classified from low salin-
ity hazard to medium salinity hazard with respect to EC. The
EC of the water at both sites were categorized under none
saline.

The values of pH and EC in the Adamitulu water sources
ranged from 7.98 to 8.23 with 8.06 mean value and 0.48 to
2.73dS/m with 1.29dS/m mean value and the highest values in
both cases were observed in groundwater samples and the use
of groundwater for irrigation purposes is the most likely factor
to influence soil quality compared to surface water [18]. The
higher value of EC was observed in groundwater of Adam-
itulu relative to surface water irrigation and irrigation water
the surface water was categorized under none saline water and
whereas the ground water was categorized under slight to
moderate.

The minimum and maximum values of EC for Lake Abaya
water were within permissible range and it is classified as
slight to moderate saline water (0.7 to 3.0 dS/m), which can be
used for salt-tolerant crops [15]. Salinity level of Abaya lake
water with respect to electrical conductivity was within per-
missible limit under proper management of irrigation water.

3.3.2. Residual Sodium Carbonate (RSC) and
Sodium Adsorption Ratio (SAR) of Irrigation
Water

SAR values for water from shallow hand dug well of
Gergera watershed was from 0.09 to 0.55(meg/L) ®° and
Gergera watershed pond water was ranged from 0.02 to
0.13(meg/L) ®° according to [4]. This indicates that the both
water sources were suitable for irrigation Agriculture con-
cerning degree of restriction on use.

Low value of SAR in T, was found to be 3.45 meg/L and
maximum were obtained in T, (7.24) and the result indicated
that rating of sodicity hazards based on SAR values for all
Blended water treatments were medium hazards except
treatment T, (50% ratio) water which was high sodium haz-
ards [12]. In all irrigation treatments RSC values were above
2.5meqg/L and very high at month of March during study
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season and the classification of different water samples for
irrigation in the studied area indicate that all of the studied
samples are above 2.5meg/L and classified as hazards [12].
Increasing concentration of SAR because of sodium salt
content of Beseka lake water and increment of mixed water
RSC was due to high concentration of calcium and magne-
sium content of lake water from its proportion.

The SAR values, both water sources (the ground water and
Errer River water) classified under the low Na hazard and the
RSC contents of the Errer River was range of 1.25 to
2.50meg/L with mean of 1.78meg/L which is considered to be
marginal to be used for irrigation purpose while, the ground
waters in profile 1, 2 and 3 contained 2.88, 3.31 and
3.13meg/L RSC contents, respectively [1]. RSC contents of
the ground water sources were greater than 2.50meq/ L which
was classified as unsafe for irrigation purposes. The mean
residual sodium carbonate (RSC) content of the ground water
irrigation was 3.11meq/L>2.50meq/L and Ground water ir-
rigation was unsuitable for irrigation while average SAR
value of Errer River water and Ground water irrigation were
below critical limit based on the degree of restriction to use
water sources for irrigation because of SAR the Errer River
water and Ground water for irrigation were 2.96 and 3.29
(meg/L) *°.

The SAR value of irrigation water in the present study area
ranged from 7.43 to 13.45 and surface water average SAR
value=7.56(meg/L) °*. v is found within the limit and suitable
for irrigation while, groundwater samples average SAR value
=10.52(meg/L) ** remains beyond this limit and have a limi-
tation on use for irrigation purpose [18]. The value of RSC in
the area was ranged from 0.99 to 10.82meq/L and the highest
value for this parameter was observed in groundwater samples
compared to surface water [18]. Residual sodium carbonate
(RSC) value in groundwater samples was above limit and the
use of it for an irrigation purpose could rise sodium level
because the water contained a high carbonates that favors the
precipitation of calcium and magnesium.

The sodium adsorption ration (SAR) of the irrigation water
ranged from 0.19 to 4.95 at Tumuga and from 0.25 to 3.28 at
Gerjale while, residual sodium carbonate (RSC) values of
irrigation water ranged from trace to 3.09meg/L and 2.98
meg/L at Tumuga and Gerjale sites, respectively [10]. The
concentration of Ca*™? and Mg*? were higher in the irrigation
water at both sites relative to Na* and trace values of RSC
were due to non-presence of CO5> in some irrigation water
samples, but enough to encounter the effect of Na* hazard
[10]. This indicates repeated use of irrigation water without
proper management can deteriorate soil quality.

RSC of Lake Abaya water is unsafe as its RSC exceeds
2.5meq/L and the average SAR value of Lake Abaya irriga-
tion water was 16.8+3.30 (meg/L)*® [15]. The average SAR
value was marginally above permissible value and had slight
limitation suitability for irrigation purpose.
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3.3.3. Kelly’s Ratio, Permeability Index (PI) and
Soluble Sodium Percentage (SSP) of Irrigation
Water

The SSP and KR are widely used parameters for evaluating
the suitability of water quality for irrigation because of excess
sodium concentration in irrigation water produces undesirable
effects on soil and crops, however, both surface and
groundwater samples’ values in the area were above the limit
[18]. The permeability index (PI) is used to evaluate the effect
of long term use of irrigation water on soil quality and Pl
content of water in the Adamitulu was varied from 87.47 to
97.16%. The Kelly’s ratio (KR), permeability index (PI) and
soluble sodium percentage (SSP) content of both water
sources imply that use of both water sources for irrigation
agriculture can affect soil structure and soil infiltration rate of
water due to sodium increment [18].

Lake Abaya water’s mean KR value was 6.321.2, implying
that it wasn’t suitable for irrigation because of excess sodium
content and SSP value of Lake Abaya water exceeded the
FAO recommended level for irrigation [15]. The soluble
sodium percentage (SSP) >60% and it can increase sodium in
soil to which can cause soil clay dispersion. The values of
Kelly’s ratio (KR), permeability index (PI) and soluble so-
dium percentage (SSP) content of the Lake Abaya irrigation
water were above the limit. Irrigation water content with SSP>
60% and KR>1 can deteriorate soil physical properties by
increasing sodium concentration in soil. The KR, Pl and SSP
content of lake water imply that use of lake water for irriga-
tion agriculture can cause clogging of clay soil due to sodium.

4. Conclusion

The effects of irrigation water quality of on selected soil
physicochemical properties were reviewed from research
journals and articles papers. The irrigation water with above
permissible values of salinity (EC), sodium adsorption ratio,
residual sodium carbonate (RSC), soluble sodium percentage
(SSP) and Kelley’s ratio (KR), specific ion toxicity (COs?,
HCO;™ and CI") affect soil physico-chemical properties. The
soil salinity hazard is caused from above critical limit elec-
trical conductivity (EC) or total dissolved solids (TDS) con-
tent of irrigation water. Soil sodicity hazard were caused when
sodium adsorption ratio and residual sodium carbonate (RSC)
content of irrigation water is marginal to above permissible
value because of adsorption of sodium onto soil exchange
complex sites from irrigation water used. Soil infiltration
reduced due to sodium adsorption on soil exchange complex
and interlayer space of soil from irrigation water containing
high sodium adsorption ratio (SAR), residual sodium car-
bonate (RSC), soluble sodium percentage (SSP) and Kelley’s
ratio (KR). High sodium level results in dispersion of soil clay
but SAR and RSC of irrigation water were mostly responsible
to soil sodicity hazard based on reviewed papers. But, extent
of infiltration rate of irrigation water into irrigable soil based
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on both sodium adsorption and salinity (EC) content of irri-
gation water quality. Even, repeated use of irrigation water
containing medium to moderate sodium adsorption ratio
(SAR), residual sodium carbonate (RSC) and salinity (EC)
caused soil salinity and soil sodicity respectively if used
without proper management.

The strength of reviewed papers is that irrigation water
quality levels were assessed pre-planting crops to check its
quality for irrigation, contained clear methods and obtained
results were described with clear interpretations and sufficient
discussions. The limitation of reviewed papers is that some of
reviewed papers hadn’t contained clear result of pre-planting
soil physico-chemical properties.

Consequently, it can be concluded that excess concentra-
tion of salinity; sodium adsorption ratio (SAR) and residual
sodium carbonate (RSC) from irrigation water deteriorate soil
physico-chemical properties and reduce soil productivity
extent whereas high calcium, magnesium and other organic
particulate in irrigation water can improve soil fertility level
in salt free soil. It is crucial to suggest that irrigation water
quality should be monitored before planting crops intended to
be planted to check and manage its extent of quality to min-
imize the impact it can cause on the soil physico-chemical
properties and crops intended to be planted.

Abbreviations

FC Filed Capacity

AWHC  Available Water Holding Capacity

PWP Permanent Wilting Point

pHe pH from Saturate Paste Extract

EC, Electrical Conductivity of Soil from Saturate
Paste Extract

ECw Electrical Conductivity of Irrigation Water

AP Available Phosphorus

oM Organic Matter

ESP Exchangeable Sodium Percentage

SAR Sodium Adsorption Ratio

RSC Residual Sodium Carbonate

SSP Soluble Sodium Percentage

Pl Permeability Index

KR Kelley’s Ratio

HDW Hand Dug Well

FP Farmer’s Practices

WFD Wetting Front Detector
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Appendix

Table 1. Summary of above reviewed pH, EC, exchangeable cations, SAR and ESP of soils surface.

EC Na* ca® Mg?* SAR ESP
Sites name specification pHe
(dS/m) cmolyKg (meg/L)*® (%)
Profilel (0-30cm) 7.7 5.52 5.56 24.9 6.16 6.69 14.55
1 Profile2 (0-20cm) 8.47 4.46 8.67 26.2 6.28 13.41 20.39
Profile3 (0-15cm) 8.35 4.68 8.97 254 6.23 16.64 21.49
Profile4 (0-35cm) 7.76 5.12 5.23 244 6.48 7.68 13.85
Tumuga 8.29 0.34 0.98 25.33 9.1 2.35 1.75
? Gerjale 8.21 0.43 0.87 26.87 6.95 1.6 0.4
Tr-1:BP 8.05 0.56 3.85 26.55 11.86 2.53 11.29
Tr-2:BP 7.99 0.47 2.63 22.64 15.56 1.82 8.31
3 Tr-3:BP 8.07 0.48 2.79 22.65 13.96 2.63 7.92
Tr-4:BP 8.71 0.63 5.54 19.75 10.62 5.31 13.19
Ave. of:BP 8.2 0.54 3.7 22.9 13.09 31 10.18
Tr-1:AH 8.23 1.04 1.55 23.22 7.98 2.68 9.24
Tr-2:AH 8.13 0.61 3.91 22.87 155 3.04 1543
Tr-3:AH 8.55 0.65 3.33 43.76 8.13 3.46 10.39
4 Tr-4:AH 8.69 1.06 5.27 23.58 8.76 4.53 131
Ave.:AH 8.4 0.84 3.51 28.36 10.09 2.93 11.04
5:0-30cm 7.86 0.63 2.98 29.92 9.89 2.75 7.92

Sources: [1, 10, 18]

1: Bisidimo Babile district soil surface, 2: Tumuga and Gerjale soil surface 3: Tumuga and Gerjale soil surface, 4: Adamitulu after planting soil surface
and 5: Adamitulu irrigated farmer’s field, Treatments (T1 to T8) represents mixing ratio of Awash river to Beseka Lake water, Adamitulu Pre-planting
irrigated soil with surface water under farmer’s practice (Tr-1:BP), Adamitulu after harvesting irrigated soil with surface water under farmer’s practice
(Tr-2:BP), Adamitulu pre-planting irrigated soil with groundwater under wetting front detector (Tr-3:BP), Adamitulu pre-planting irrigated soil with
groundwater under farmer’s practice (Tr-4:BP), Adamitulu after harvesting irrigated soil with surface water under wetting front detector (Tr-1:AH),
Adamitulu after harvesting irrigated soil with surface water under farmer’s practice (Tr-2:AH), Adamitulu after harvesting irrigated soil with
groundwater under wetting front detector (Tr-3:AH) and Adamitulu after harvesting irrigated soil with groundwater under farmer’s practice (Tr-4:AH).
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Table 2. Summary of above reviewed organic matter (OM) and available phosphorus (AP) content of irrigated soil surface.

Irrigated soil code OM (%) AP (ppm)
Tr-1:BP 1.95 35.01
Tr-2:BP 1.98 17.35
Tr-3:BP 152 22.33
Tr-4:BP 1.88 30.96
Ave. of:BP 1.83 26.41
Tr-1:AH 5.01 30.99
Tr-2:AH 2.25 19.24
Tr-3:AH 481 29.65
Tr-4:AH 3.86 28.82
Ave.:AH 3.98 23.68

Sources: [18]

Table 3. Summary of above reviewed soluble cations and soluble anions of soils surfaces.

Na K Ca Mg HCO5 CO” Cr SO~
Sites specification
meq/L meq/L
Profilel (0-30cm) 13.88 2.67 5.96 2.64 0.29 nil 11.2 9.8
1 Profile2 (0-20cm) 25.45 1.09 5.72 1.48 0.86 nil 14.28 15.27
Profile3 (0-15cm) 29.29 1.26 5.04 1.16 1.35 nil 17.35 17.84
Profile4 (0-35cm) 12.96 231 4.37 1.32 0.4 nil 9.78 9.42
Tumuga 2.33 0.24 2.98 1.41 0.11 nil 0.14 0.14
Gerjale 2.26 0.25 1.8 0.73 0.12 nil 0.13 0.17

Sources: [1, 10]
1: Bisidimo Babile district soil surface, 2: Tumuga and Gerjale soil surface.

Table 4. Summary of reviewed Kelley's ratio, permeability index (PI) and soluble sodium percentage (SSP) of irrigation water.

Water sources KR SSP (%) Pl (%)
Adamitulu Surface water 2.7 79.9 91.81
Adamitulu Groundwater 2.65 78.73 90.91
Abaya Lake water 6.3 96.70+1.20 85.5042.10

Sources: [18, 15]
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