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Abstract: Soil acidity is one of the major limiting factors to acid sensitive crop production like barley (Hordeum
vulgare L.). The study was conducted on soils of three land uses (forest, grazing and cultivated) in Guto Gida
District of the East Wollega areas of Oromia Region, Ethiopia. A greenhouse incubation experiment was
employed to assess the effects of lime rates (0, 2, 4, 6, 8 and 10 tons ha ) on selected soil chemical properties,1

barley P-uptake and its grain yield. Data generated was subjected to analysis of variance (ANOVA) using SAS
software version, 9.1. The main effects of applied lime rates and interactions effects between lime rates and soils
from different land uses significantly (P<0.001) affected soil pH, the concentration of Al saturation, barley P
uptake and its grain yield. Greenhouse incubation of soil with100 mesh size lime for 90 days reduced the percent
acid saturation from 10 in the 0 t ha  to 0.8 % at 10 t ha  lime rate in soils of the forest land and for the grazing1 1

and cultivated lands. It decreased from 26.7 and 45.8% in the control to 3 and 23.6% for the 10 t ha 1

respectively, in soils of graining and the cultivated land. Maximum grain barley yield in a greenhouse experiment
were obtained at 6 t ha  of lime rate on the forest and grazing lands followed by 10 t ha  on soils of the1 1

cultivated land. Thus, incubation of soil with applied lime rate at 10 t ha  showed considerable drop of the PAS1

with an accompanying increase of soils pH, plant p uptake and barley yield on soils of the different land uses
of the study area. However, the response pattern of the change in these traits to varying lime rates varied from
one land use systems to the other.
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INTRODUCTION acidification has an impact on soil biodiversity. Its effects

Soil acidification is a natural process mainly major nutrients and the toxicity of aluminum (Al),
conditioned by naturally acid parent rocks and leaching manganese (Mn) and hydrogen (H) ions in the soil to
of base forming ions attributed to high precipitation. plant physiological processes In acidic soil, the
Although soil acidity is naturally occurring in some areas, aluminosilicate structure decomposes to form Al saturated
in many others cases, agricultural practices have clays [1-5].
accelerated the process of soil acidification. Normally, the In acidic soils, plant growth is often limited by Al
indication for high soil acidification in soil solution is toxicity and this is characterized by marked reduction in
associated with the presence of pH levels lower than 5.5 shoot and particularly roots growth by preventing the
and high exchangeable acidity. When soil pH drops (pH plants from using available soil phosphorus (P)
< 5) active form of Al becomes soluble and results in effectively. These problems are particularly acute in soils
reduced nutrient uptake. Inadequate crop growth on acid of humid tropical regions that have been highly
soils is usually a direct result of Al toxicity. Soil weathered. The more acidic the soil, the greater Al, Fe and

on crop growth are those related to the deficiency of
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Mn will be dissolved into soils solutions [3]. Currently, The  District  is  situated  at  a road distance of 320 km
there is increasing awareness that soil nutrient depletion
from the agro-ecosystem is a very wide spread problem
and is an immediate crop production constraint in
Ethiopia. It is important that soil acidity be understood in
terms of its fundamental chemistry so that appropriate soil
management and remediation schemes are based on
sound principles rather than on empirical knowledge that
may only be locally relevant. Sustained production of
crops on acidic soils requires addition of soil
amendments. One method in alleviating acid soil
constraints to crop production is to modify or supplement
soils to remove deficiencies through lime application [6-8].
Liming acid soil may often increases crop P uptake by
reducing the amounts of soluble Al rather than any direct
effects on P availability [3].

In Ethiopia, among the cereal crops, barley is the fifth
most important crop next to teff (Eragrostis tef), maize
(Zea mays L.), sorghum (Sorghum bicolor L.) and wheat
(Triticum aestivum L.) [9]. It is the staple food grain for
Ethiopian highlanders who manage the crop with
indigenous technologies and utilize different parts of the
plant for preparing various types of traditional food such
as Kixaa, Akawii, Basoo, Biddeen, local beverage called
Farsoo and as an important raw material for many
industries. However, due to acidification of soil, its
production and productivity has been decreased from
time to time.

Soil acidity due to aluminum toxicity is a common
problem that has major ramifications for plant growth such
as barley and causes significant losses in production,
especially in the high rainfall areas of western Oromia [10].
There was no much research work done on liming to
improve its productivity in acidic soils of different land
use systems in the particular site of the present study.
Due to the lack of sufficient and detailed scientific
research work in the area, barley production and
productivity have been decreasing from year to year and
the crop is forced to go out of production leading to
shortage of barley food sources in most areas of western
Oromia Region, particularly in East Wollega Zone.
Therefore, the present study explored the effects of
different lime rates to acid saturation and on barley yield
from differing land uses under greenhouse conditions in
East Wollega.

MATERIALS AND METHODS

Description of the Study Site: The study was conducted
in the Guto Gida District (East Wollega Zone) of Oromia
Regional  State,    western      highlands      of    Ethiopia.

from the capital, Addis Ababa, within 08° 59’and 09° 06`
north latitude and 37° 09` and 37° 51`east longitude.
According to the local and the Ethiopian agro-climatic
zonation the study area belongs to the humid (Baddaa)
and  sub-humid   (Badda   Darree)  climatic  zones  [11].
As per the climate data recorded at the Nekemte
Meteorological  Station,  the  ten  years  (1998-2007)
average annual rainfall of the study site is 1300 mm and
the monthly mean minimum and maximum temperatures
range between 11.25 and 14.50 and 25.00 and 29.00 °C
respectively.

The topography of the study site is mountainous and
has a gentle sloping landscape. According to FAO
classification legend, the soil class of most of the study
area is Nitosols. The economic activities of the local
society of the study area are primarily mixed farming
system that involves animal husbandry and crop
production. The major crops are coffee (Coffee arabica
L.), teff (Eragrostis tef), barley (Hordeum vulgare L),
maize (Zea mays L.) and potato (Solanum tubersoum L.).
These   major   crops   are   produced   usually   once   in
a year.

Site Selection,  Major  Features  of  the Land Uses
and  Sampling  Procedures:  A  preliminary  survey  and
field  observation  were  carried out using topographic
map (1:50,000) in order to have general information about
the land forms, land uses, topography and vegetation
cover of the study site. Accordingly, three major
representative land use systems (natural forest, grazing
and cultivated lands) were identified from the Guto Gida
district of East Wollega Zone, Western Oromia Region.
The forest land is covered by indigenous natural forests
with long and dense trees forming canopies, the grazing
land comprises of communal and private grazing areas
whereas the cultivated land is covered by rainfed annual
crops and bounded by few scattered trees and
settlements. Nine sub-samples from (0-20 cm depth)
different sites of each of the representing land use
systems of the Guto Gida District were collected and
composites accordingly. The composite soil samples were
air dried, ground, passed through a 2 mm sieve, packed
and transported for laboratory analysis and greenhouse
pot experiment.

Potting Experimental Crop and Design: A greenhouse
incubation experiment was employed in a factorial
combination of three land use systems (forest, grazing
and cultivated lands), six rates (0, 2, 4, 6, 8 and 10 t ha )1

of   100    mesh    size    agricultural   lime    as   treatments.
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Agricultural lime (CaCO ) was collected from Awash and Na) as the percentage of CEC. From the composite3

Cement Factory located in Zone three of the Afar Region, soil samples of each land use system, soil pH,
Ethiopia. Its calcium carbonate equivalent was determined exchangeable bases, exchangeable Al and exchangeable
by acid neutralization method at the Chemistry Laboratory acidities were analyzed and finally percent Al saturation
of Ambo University and found to be 93.7%. The soil-lime was calculated from the ratio of exchangeable Al to the
mixture was stirred every seven days to uniformly mix the CEC as a percent at the final stage of the incubation
lime with the soil in a clean plastic bag. Each treatment experiment.
was wetted and rewetted every three days regularly to
maintain approximately the field capacity. The incubation Data Recording and Statistical Analysis: Data on barley
experiment was finalized at exactly 90 days counting from grain yield per pot was determined after carefully
the first time at which the soil lime mixture had been separating the grain from the straw and cleaned and
wetted to field capacity of the soil. To evaluate the adjusted to 12.5% seed moisture content using a hand
responses of barley to lime rates of acidic soils from three seed moisture tester instrument. Finally, data recorded on
different land use types, a greenhouse pot were soil pH, exchangeable bases, exchangeable acidity and Al
conducted after mixing different proportions of liming saturation and barley grain yield under different land use
rates and 2 kg of experimental soil. Accordingly, the types were subjected to analysis of variance (ANOVA)
respective lime rates were mixed thoroughly on a dry and using SAS software version 9.1 [15]. Duncan’s Multiple
clean tray, potted and the pots were placed in a Range Test was employed to test significant differences
greenhouse and incubated for 30 days. after of 30 days between means of treatment combinations and the Sigma
incubation with regular watering as required, all the pots Plot software version 8.0 was used to reveal the
were planted. The test crop used was a six raw barley magnitudes and directions of relationship between
(variety HB-1307) which is a dominant food barley crop different soil properties within and among land use
variety cultivated in East Wollega Zone of Oromia Region. systems.
Twelve seeds of the test crop per pot were planted in a
greenhouse at Ambo Crop Protection Research Center RESULTS AND DISCUSSION
and thinned to 6 seedlings per pot at 14 days after
seedling emergence. The soil moisture level was Status of Selected Soil Chemical Properties Before
maintained at approximately the field capacity. Liming: Experimental data indicated the reduction of soil

Laboratory Analysis of Soil Samples: The soil pH was Relatively higher (5.3) and (5.2) soil pH-H values were
measured potentiometrically with a digital pH meter in the recorded in forest and grazing lands while lower value
supernatant suspension of 1:2.5 soils to water ratio [12]. (4.7) was recorded in cultivated land (Fig. 2). As per the
Exchangeable basic (Ca, Mg, K and Na) ions were rating indicated by Jones [16] the soil pH values observed
extracted using 1 M ammonium acetate (NH OAc) under different land use types were found to be varying4

solution at pH 7. The extracts of Ca and Mg ions were from very strongly acidic for cultivated soil to strongly
determined using AAS while K and Na were determined acidic soil reaction for forest and grazing lands. The soil
by flame photometer.  To  determine  the  cation  exchange reaction classes observed in soils of each land use
capacity (CEC), the soil samples were first leached with 1 systems clearly indicate the possibility of high acid
M NH OAc, washed with ethanol and the adsorbed saturation percentage especially in the cultivated land4

ammonium was replaced by Na Chapman [13]. The CEC was about 71.8% and that of forest and grazing lands
was then measured titrimetrically by distillation of respectively had acidity of about 22.6 and 34.2%. In the
ammonia that was displaced by Na following the micro- contrary, the percent base saturation of the soils of
Kjeldahl procedure. Total exchangeable acidity was cultivated land was relatively lower (21.7%) than that of
determined by saturating the soil samples with 1M KCl the grazing (32.6%) and forest (34.2%) lands. This
solution and titrated with 0.02M HCl as described by indicates that the growth and yields of acid sensitive
Rowell [14]. From the same extract, exchangeable Al in the crops such as barley crop on three land use types is
soil was titrating with a standard solution of 0.02M HCl. limited by soil acidity attributed to the low pH values
The soil percent base saturation (PBS) was calculated calling for liming to raise the pH for optimum growth and
from sum of the basic exchangeable cations (Ca, Mg, K dry matter and grain yield production [17, 18]. 

pH due to land use changes from forest to cultivated land.
2

O
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Table 1: Mean square estimates for soil pH, exchangeable Al, exchangeable acid, grain yield and p-uptake as analyzed using randomized complete block design

on different land use systems

 Mean squares for sources of variations

---------------------------------------------------------------------------------------------------------------------------------------------------

Soil properties  LR (5)  LU (2)  LR*LU (10)  Error (70) CV (%)

pH (H O)  1.6  1.2  0.1  0.03  0.62
*** *** ***

Exchangeable Al (cmol(+) kg )  21.4  348.2  2.6  0.2  7.11 *** *** ***

Exchangeable acid (cmol(+) kg )  34.3  396.56  2.3  0.1  3.71 *** *** ***

Grain yield (kg ha )  342168  1023784.1  9637  268.1  1.71 *** *** ***

P up take (mg kg )  1.9  28.1  0.08  0.2  2.11 *** *** ***

Number in parentheses = Degrees of freedom; LR = Lime rate; LU = Land use; CV = Coefficient of variation, *, **and *** = Significant; at P = 0.05; P =

0.01; at P = 0.001

Fig. 1: General location map of the study area.

Effects of Liming on Soils Chemical Properties, P- increments of respectively, about 11.0 and 7.6% in grazing
Uptake and Barley Grain Yield: Output of the mean land. However, in cultivated land, it increased the soil pH
square estimate at the end of the incubation experiment from 4.7 with (no lime) and 4.86 with (2 t ha  of lime) to
showed that, the main effects of applied lime rates, land 5.7 with increments of about 20 and 15%, respectively
use systems and the interactions between lime rates and (Fig. 2). These raises in the average values of soil pH of
soils from different land use systems were significantly the experimental soil may attribute to the better
(P<0.001) affected the soil pH, exchangeable Al, neutralization of the saturated Al  by agricultural liming
exchangeable  acid,  barley  grain  yield  and  p  uptake material. That is, the increment of soil pH implied that
(Table 1). agricultural lime has a positive effect in reducing the

Soil Reaction (Soil pH) and Barley P-Uptake: Results of In this study, soil of forest land had higher mean
the study revealed that, the mean of soils pH in the forest, plant P uptake and is more responsive to liming than the
grazing and cultivated lands at the end of the 90 days response of soils of grazing land and cultivated land.
greenhouse incubation experiment, respectively, ranged Liming increased plant P uptake as demonstrated by the
from 5.3, 5.2 and 4.7 in the control (no lime) to 5.9, 5.8 and highest 6.6 mg kg  from barley variety harvested from 8
5.7 in soil incubated with 10 t ha  lime. Application of t ha  lime. Un-amended soil of grazing land had higher1

lime at the rate of 10 t ha  increased the pH in soils of plant P uptake than that of cultivated land. The highest1

forest land from pH of 5.26 with (no lime) and 5.4 (with 2 plant P uptake of 5.3 mg kg  and 5.1 mg kg  were
t ha  of lime) to 5.9 with increments of about 10.4 and recorded, respectively, with barley straw harvested from1

8.7%, respectively. Likewise application of lime at the rate soil of grazing and cultivated lands with the application of
of 10 t ha  increased the pH of soils from pH of 5.2 (with 8 t ha and 10 t ha  (Fig. 2). The maximum plant P uptake1

no lime) and 5.4 (with 2 t ha  of lime) to 5.8 with obtained from the application of 6 t ha  of lime to soils of1

1

3+

severity of soil acidity.

1

1

1 1

1 1

1
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Fig. 2: Effects of liming on soil pH and plant p uptake of (a) forest land (b) grazing land (c) cultivated land.

Fig. 3: Effects of liming on percent acid saturation (PAS), percent base saturation (PBS) of soils of (a) forest land, (b)
grazing land and (c) cultivated land.

forest land increased by about 12% plant P uptake over Soil Acid and Base Saturation Percentages: Results of
the control. When compared with the control, the percent the study demonstrated that, at the end of the 90 days
increment of plant P uptake due to liming on soils of incubation period of soils with different lime rates, soil pH
grazing and cultivated lands were 12 and 19%, and PBS increased while the percent Al and acid
respectively, Even though the P uptake of the barley in a saturation of soils from different land use systems
cultivated land increases for the application of different decreased. The changes in percent base saturation with
lime rates, its amounts of P taken up by the crop is lower lime application practically follow the change in soil pH
than soils of forest and grazing lands. The increase in the with lime positively in same direction but the change in
agronomic yields and P up-take of barley due to liming the percent Al saturation and acid saturation with lime
may be attributed to the increases in soil pH, reduction in application followed opposite direction (Fig. 3). The
the ion toxicity of H , Al  or Mn  and reduction in percent acid saturation of the forest land decreased from+ 3+ 2+

nutrient deficiency (Ca, P, or Mo) as well as due to 10% in the control (no lime) to 0.7% for the 10 t ha- .
indirect effect of better physical condition of the soil [4]. Likewise, for grazing and cultivated lands it decreased,
In line with this, Conyers et al. [19] also reported that, respectively, from 26.7 and 45.8% in the control (no lime)
amendment of acid soils with lime to increase pH and to 3.0 and 23.6% for the 10 t ha of applied lime rates. On
reduce the adverse effects of Al on root growth is the other hand, the percent base saturation of the soil of
necessary to prevent soil degradation and the decline in forest land increased from 34.3% in the control (no lime)
crop productivity. In this study, liming increased P to 58.4% for the lime rate of 10 t ha . Similarly, for soils of
concentration in plant straw and improved soil acidity. the grazing and cultivated lands it increased, respectively,
Therefore, it is beneficial to apply lime in order to improve from 26.9 and 18.8% in the control (no lime) to 45.6 and
barley yield on acid soils of the study site. 35.1%  for the 10 t ha  lime rate. Result of the studies by

1

1

1

1
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Fig. 4: Effects of liming on grain yield (GY) of soils of (a)
forest land, (b) grazing land and (c) cultivated land.

Scott et al. [20] and Eduardo et al. [21] and as well as
Achalu et al. [23] suggested that Al toxicity at low pH
level seemed to be the major limiting factor in growth of
plants in highly weathered acid soil of the tropics. They
indicated that favorable crop response to liming appeared
to be primarily due to Al deactivation. Ito et al. [22] also
reported the positive responses of barley root growth and
yield improvements thereby increasing the bio-availability
of P and Ca ions on acidic Andosols. In the present
study, the increased grain yield obtained on soils from all
land use types treated with different lime rates as
compared to respective controls is highly likely
associated with reduction of concentration of
exchangeable acidity and enhancement of exchangeable
bases and plant P uptake.

Barley Grain Yield: An increase in liming rate did not
result in statistically significant increase in grain yield on
soils of forest land. However, the highest mean grain yield
(1211 kg ha ) was obtained from forest land with the1

application of 6 t ha  lime. However, the grain yield of1

974 and 955 kg ha  were the highest, respectively, on1

soils of grazing and cultivated land both at the lime rate of
10 t ha  lime (Fig. 4). 1

When the maximum yield on respective controls of all
land use types were compared separately, the advantage
gained varied from one land use to the other. A yield
advantage of 338 kg ha  was recorded on soils forest1

land; the mean grain yield advantage was 287 and 487 kg
ha  respectively, on soils of grazing and cultivated lands.1

The increase in the yield of barley due to liming may
partially be attributed to the reduction in the toxicity of Al
and increase soil pH in these acidic soils. As the rates of
agricultural lime applied to the soil increased the
concentration of exchangeable bases like Ca  in the soil2+

solution increases thereby decreasing the concentration
of the exchangeable acid (Al and H) ions from the soil
exchange complex.

CONCLUSIONS

A greenhouse incubation of agricultural lime into soil
contributed to alleviate the inherent acidity of the soils
through its ability to neutralize the soil acidity. This
resulted in reduction of exchangeable acidity, Al
saturation and thereby increasing soil available nutrients.
The application of agricultural lime to soils in a
greenhouse pot experiment also improved barley grain
yield and its P uptake. However, the yield advantages
gained was highest in the forest land and lowest in the
soils of the cultivated land.
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