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Abstract

investigate the residual effects and reduce lime costs.

Field experiment was carried out in Sodo Zuria Woreda, Kutosorpelakebele on Nitisol loam soil with an inherent property of high
Phosphorus fixation and acidity to study the influence of liming on reducing soil acidity and improving the desirable soil characteristics and
grain yield of haricot bean. The treatments comprised four levels of lime (0, 1250, 2500& 3750 kg ha™'). These were laid out in Randomized
Complete Block Design with three replications. The results showed that soil pH increased from 5.03 to 6.72 by applying 3750 kg ha"'lime
and the exchangeable acidity reduced significantly. Moreover, liming significantly (P < 0.05) increased. Cation Exchange Capacity (CEC),
available Phosphorus and decreased available micronutrients except Cu. Grain yield showed a slight increment with an increase in the
lime addition. Haricot bean yield was positively correlated with soil pH (r=0.23), CEC (r=0.28) available phosphorus (0.27) and negatively
with the exchangeable acidity (r = -0.37). This study stresses the importance of long-term lime experiments on major crops in order to

Keywords: Lime; Soil acidity; Cation exchange capacity; Soil pH
Introduction

Soil acidity is a major constraint to cropping globally, especially in
temperate and tropical regions of the world where high precipitation
has been a dominant influence on the pedogenic development of
the soil [1].

De la Fuente-Martinez and Herrera-Estrella [2] stated that
approximately 43% of the world’s tropical land area is classified as
acidic, comprising about 68% of tropical America, 38% of tropical Asia,
and 27% of tropical Africa.

In Ethiopia, vast areas of land in the western, southern and even the
central highlands of the country which receive high rainfall are thought
to be affected by soil acidity [3]. Currently, it is estimated that about
40% of the total arable land of Ethiopia is affected by soil acidity [4]. Of
this land area, about 27.7% is moderately acidic (pH in KCl) 4.5 - 5.5)
and about 13.2% is strongly (pH in KCl) < 4.5) acidic.

The causes of soil acidification have mainly been attributed to an
imbalance in the carbon and nitrogen cycles [5-7]. These include (i)
excretion of H* from plant roots to balance excess uptake of cations over
anions; (ii) removal of large amounts of agricultural product, because
both plant and animal produce are slightly alkaline; (iii) accumulation
of organic matter, because it contains numerous acid functional
groups from which these ions can dissociate [1]; (iv) mineralization
and nitrification of plant N and consequent nitrate leaching and (v)
input of acidifying substances as ammonium containing fertilizers.
Precipitation also introduces acidity to soils, because gaseous carbon
dioxide (CO,) and water (H,O) in the rain react to form a solution that
is about pH 5.7 [8].

Soil acidity (or alkalinity) is measured in terms of pH which is the
logarithm of the reciprocal of the hydrogen ion activity in solution, i.e. pH
= -log [H*]. The pH scale ranges from 0 to 14. By definition, when soil pH
falls below 7, it is deemed to be acidic, but many farm and soil managers do
not usually consider a soil acidic until pH CaCl, falls below 5.5.

In most acid soils with pH levels lower than 5.5 the major plant
growth limitations are due to elemental toxicity mainly arising from Al
and/ or Mn [9]. Trace elements may also pose a toxicity threat if present
at elevated levels as their availability and mobility increases under
acidic conditions [10]. Deficiencies of essential nutrients such as Ca,
Mg, P and Mo may also be involved [11]. Acidity of soils can decrease

crop yield, seedling emergence and survival, legume nodulation and
root growth [12].

Liming acid soil has been suggested as the best method to attain
and maintain a suitable pH for the growth of a variety of crops [13].
Benefits of liming include improved nitrogen fixation and availability
of essential nutrients (Ca, P, Mo) and decreasing the solubility of toxic
elements Al and Mn [14].

The overall reactions of lime in acid soil involve the dissolution
of alkaline materials as they consume protons and consequently
polymerize and precipitate ionic Al and Mn. The neutralization of
acidity by calcite (a major mineral in limestone) is shown in equations
1.1-1.4[15].

CaCO,(s) + 6H* (aq) — 3Ca’*(aq) +3CO,(g) +3H,0(1) (Eqn1.1)
3Ca*(aq) + 2AIX,(ex) — 3CaX,(ex) + 2AP*(aq) (Eqn 1.2)
2AP*(aq) + 3H,0(1) - 2AI(OH), (s) + 6H"(aq) (Eqn 1.3)

Overall equation

3CaCo, (s) + 2AIX (ex) + H,O(l) 3CaX, (ex) + 2AI(OH),(s) +
3CO,(g) (Eqnl.4)

The initial reaction (equation 1.1) results in a rapid increase in soil
pH and ionic Ca, as the active acidity is neutralized. As soil pH and
ionic Ca increases the retention of Ca on the soil exchange complex is
favoured and AI** is expelled into the soil solution (equation 1.3). The
expelled AI** undergoes hydrolysis transforming to less available forms
at higher pH. The protons generated as Al** undergoes hydrolysis are
consumed as calcite continues to dissociate.
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Given the fact that acid soils are believed to affect the properties
of the soil as a growing media for crops and the potential importance
of liming to alleviate the constraint this study was conducted with the
objective of examining the effects of liming on i) Reducing the excessive
and toxic concentration of elements ii) Increasing the availability of
deficient nutrients and iii) Improving the yield of haricot bean.

Materials and Methods

Description of the study area

The study was conducted on farmer’s field in Sodo Zuria Woreda
at Kuto Sorpela Kebele, Southern Ethiopia. The woreda is located at a
distance of 383 km, south of the capital Addis Ababa. Geographically,
the woreda lies between latitudes of 6.51324" - 6.792815" and longitudes
of 37.595824" - 38.054911" with altitudes ranging from 1880-1960
meters above sea level. The mean annual temperature of the woreda
ranges from 17.6-25°C and the average annual rainfall is about 1300
mm per year.

The dominant soils of the Wolayita area are reported to be Nitisols
which are sesquioxidic and moderately to strongly acidic [3]. These
soils have high clay content (35-50%), homogenous, highly developed
medium angular blocky structures, and are silty clay in texture.

Lime requirement (lr)

The lime recommendation on this study was based on the amount
of exchangeable acidity measured by the lime requirement soil test.

LR (t-CaCO,ha")=factor x mmol (Al"* + H*)/100 g soil

To avoid over liming, an adaptation factor was proposed that takes
the Al sensitivity of crops into account:

Factor = < 1 for Al-tolerant crops
= 1.0 for moderately Al-tolerant crops
= 1.5 for Al- sensitive crops

The above equation assumes that Al toxicity is eliminated and, for
Al-sensitive crops, it assumes that Al saturation is close to 0% [9]. In
this study a factor of 1.5 was chosen as the crop is a leguminous crop
sensitive to acidity and thus, the lime requirement of the studied soil
was found to be:

LR (t-CaCO,ha™) = 1.5 x 1.67 = 2.5 tones/ha

Lime rates of 0, 1250, 2500, 3750 kg/hawere applied with three
replications each using randomized complete block design (RCBD).
Calcium Carbonate (CaCO,) was used as the source of lime and the
whole doses of lime of the respective treatments were broad casted
uniformly by hand and mixed in the top 15 cm soil layer two months
before sowing on May 31, 2010.

The sowing was done on July 24, 2010. Haricot bean was raised on
a 10 m? (5mx2m) plots, each having 5 rows with a uniform inter-row
spacing of 40 cm and with a planting density of 50 plants /row.The crop
was harvested on November 3, 2010.

Composite Soil samples were taken prior to lime application and
after harvesting soil samples were taken from each plot with different
lime rate treatments.

Soil analysis

Cation exchange capacity (CEC) of the soil was determined

by extracting the soil with 1IN ammonium acetate at pH 7 using
1:10 soil:extractant ratio. The ammonium-saturated samples were
subsequently replaced by sodium (Na) from a percolating sodium
chloride solution. The excess salt was removed by washing with alcohol
and the ammonium that was displaced by sodium was measured
by Kjeldahl method [16]. Exchangeable acidity was extracted by
shaking the soil samples with 1 M KCl for 2 hr and determined by
titration with 0.05 M NaOH using phenolphthalein as indicator
[17]. Available micronutrients (Iron (Fe), Manganese (Mn), Zinc
(Zn), and Copper (Cu)) contents of the soils were extracted by
diethylenetriaminepentaacetic acid (DTPA) method [18] and the
contents of available micronutrients in the extract were determined
by Atomic Absorption Spectrophotometer. Available Phosphorus was
determined by shaking 1 g of air dry soil in 20 ml of 0.5 M NaHCO,
(pH 8.5) for 30 minutes [19] followed by measuring the Phosphorus
concentration in the solution by the colorimetric technique of Murphy
and Riley (1962) [20].

Statistical analysis

Data obtained was subjected to analysis of variance at 1% and
5% level of significance using Statistical Analysis Software (SAS)
version 9.0. Mean values and mean comparisons were calculated and
a correlation analysis had been done to see the relationship between
parameters.

Result and Discussion

The general physical and chemical properties of the soil prior to
the application of the treatments and cropping are presented in Table 1

Soil pH

As expected, soil pH increased with increasing limestone application,
irrespective of the rate of application. The soil pH (H,O) values were
significantly increased (P < 0.01) with increasing rates of lime.

Soil pH increased significantly from 5.03 in the plots without lime
to 6.72 at the lime rate of 3750 kg CaCO,ha™' (Table 2). Responses of
pH to lime application were also observed in tropical soils in several
regions of the world [21] and in Ethiopia by Alemayehu (1999) and
Desta (1987) [22,23].

The rise in pH and reduction of soil exchangeable acidity is
associated with the presence of basic cations (Ca?* andMg**) [24] and
anions (CO,?) in lime that are able to exchange H* from exchange sites
to form H,O + CO,. Cations occupy the space left behind by H* on the
exchange leading to the rise in pH.

Cation Exchange Capacity (CEC)

The analysis of variance showed that liming had affected the
CEC of the soil significantly (P<0.0001). All lime levels resulted in a

Table 1: Selected properties of the soil before liming.

Soil characteristics Values
pH (by 1:2.5 soil water ratio) 5.01
Available P (ppm) 6.3
CEC (cmol(+) kg") 17
Exchangeable acidity (cmol(+) kg™') 1.67
Micronutrient (mg kg™') 1.67

Fe 42.35

Mn 71.28

Zn 12.56
Cu 0.38
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Table 2: Main effects of lime and phosphorus on soil chemical properties.

Treatment pH CEC Al Ex.acid Av.P Fe Mn Cu Zn
Lime (kg/ha) Cmol (+) kg™ Cmol (+) kg Cmol (+) kg mg /kg mg /kg mg /kg mg /kg mg /kg mg /kg
0 5.03d 19.18d 0.68a 0.97a 5.36b 41.96a 70.3a 0.37d 11.67a
1250 5.64c 25.21c 0.56b 0.75b 6.70a 33.77b 58.4b 0.77b 0.19b
2500 6.14b 31.49b 0.33c 0.51c 7.04a 25.04b 46.0c 0.99a 9.78¢c
3750 6.72a 33.34a 0.24c 0.36¢ 6.67a 19.01c 34.5d 0.65¢ 9.75¢
LSD (5%) 0.014 0.738 0.13 0.21 0.94 0.390 4.520 0.0591 0.138
CV (%) 3.01 6.24 8.12 6.43 2.04 11.56 14.73 10.11 12.38

"Means within a column followed by the same letter(s) are not significantly different from each other at P < 0.05 %

significant increase in CEC over the control plots. Accordingly, the
highest (33.34 cmol (+) kg”) and the lowest (19.18 cmol (+) kg!) values
of CEC were observed under the highest lime treated and the control
plots, respectively (Table 2).

The increase in CEC due to liming could be attributed to the
change in pH and the release of the initially blocked is omorphous and
interlayer substitional negative charge by deprotonation of the variable
charge minerals and functional groups of humic compounds caused by
Ca?. The greater amount of negative charge available on the surfaces of
these minerals results in the increase in CEC [25].

Exchangeable acidity and alumunium

Exchangeable acidity of the soil was significantly (P < 0.01)
decreased with all increasing rates of lime. Liming with the highest rate
(3750 kg CaCO, ha™) recorded the minimum value of exchangeable
acidity and exchangeable almunium which reduced them to 0.36 cmol
(+) Kg' and 0.24 cmol (+) kg respectively (Table 2). This decrease may
be ascribed to the increased replacement of Al by Ca in the exchange
site and by the subsequent precipitation of Alas AI(OH),, as the soil was
limed [26]. Moreover, an increase in soil pH results in precipitation of
exchangeable and soluble Al as insoluble Al hydroxides thus reducing
concentration of Al in soil solution [27].

Available phosphorus

Available Phosphorus showed an increasing trend with lime
applications of L, L, and L which are not significantly different from
each other means (Table 2). Effect of liming on phosphate adsorption
availability in acid soils was studied [28]. He concluded that the
adsorption of phosphate by amphoteric soil surfaces generally decreased
slowly as the pH increased from 4.0 to 7.0. He also stated that liming
can increase phosphate availability by stimulating mineralization of soil
organic phosphorus. However at the higher liming rates of 3750 kg/ha
the available P reduced to a mean value of 6.67 mg/kg (Table 1). similar
results were obtained by other researchers. Bartlet and Picarelli (1973)
[29] showed that the growth of maize was retarded by a deficiency of P
due to liming, when liming was done to increase the pH to more than 6.

Micronutrients

All limed plots showed a significant (P<0.0001) difference as
compared to the unlimited plot in their available Fe, Mn and Zn
content, showing a decreasing trend with the addition of more lime.
The maximum available contents observed at the unlimited plot were
41.96, 70.30 and 11.67 in mg/kg and the minimum value at the highest
liming rate of 3750 kg/ha were 19.01, 34.55 and 9.75 mg /kg for Fe,
Mn and Zn respectively (Table 2). However the available Cu showed
inconsistent change with the increase in liming.

The Pritam and Rai [30] studied the effect of liming on the

availability of iron and manganese on acid soil with wheat (var.
Sonalika). They concluded that the available Fe, exchangeable Mn
and 0.01 M CaCl, extractable Mn in the soil decreased significantly,
which was due to precipitation of Fe and Mn as carbonates, oxides or
hydroxides resulting from an increase in pH.

The predominant species of Zn below pH 7.7 is Zn** and above this
pH the neutral species, Zn(OH), is predominant. The solubility of Zn
is highly pH dependent and decreases 100 fold for each unit increase in
pH. Zinc deficiency induced in acid soils by excessive liming is in fact
explained by this relationship. At low pH values, some Zn** may be
present on the exchange complex of soils, but at higher pH values the
concentration of Zn falls and very little Zn** is present on the exchange
complex.

Grain yield

Lime applied did not significantly increase the grain yield above
the control. However, a significant increase in yield will be expected
in the next planting season due to the addition of lime. Follet et al.
[31] reported that lime action is slow acting, of long duration and not
conspicuous. Most studies [32,33] also showed a statistical grain yield
increase when excess acidity was neutralized over time.

Haricot bean yield was positively correlated with soil pH (r=0.23),
CEC (r=0.28) available phosphorus (0.59) and negatively with
exchangeable acidity (r=-0.37) (Table 3).

Table 3: Correlation between selected soil properties and yield.

Yield pH CEC EA A
Yield 1

pH 0.23 1

CEC 0.28 0.83™ 1

EA -0.37 -0.78" | -0.84" 1

AP 0.59™ 0.74™ 0.81™ -0.81" 1

“Significant at the < 0.05, “ < 0.001, and ™ < 0.0001 levels.
EA= Exchangeable acidity, AP= Available phosphorus
CEC-= Cation Exchange Capacity

Summary and Recommendations

The study findings support the idea that liming ameliorates soil
acidity and improves soil chemical property making it favorable for the
crop growth. Further research would have been required on the same
farmer field lime was applied in the next cropping season to observe a
significant increase in grain yield.

Lime recommendations have to be as specific as possible, taking
soils, crops, and climate as well as the financial position of farmers into
account. Other alternatives should also be tried. Choice of acid-tolerant
crop varieties and use of compost and farm manure may further reduce
the amounts of lime required and make farming more attractive. The
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findings of this research should be scaled up to be practiced at the
farmer’s level.

Lime recommendation should be developed for major crop types
produced in the area and would be respondent to the change in soil pH,
as lime recommendation is crop specific.

Optimizing the lime requirement so that the lime is not over
applied to the extent of reducing the availability of essential nutrients
for crop growth and affordable by the subsistence farmers of the area is
a potential research theme.

Socioeconomic (e.g. Cost-benefit) analysis would be vital as
farmers adoption for lime application to their acidic soils is another
challenge and they need to be convinced it will be worth investing in.
Lime is a recent agriculture input, in Ethiopian context, which worsen
the livelihood of smallholder farmers unless credit service or subsidy is
facilitated; which also requires an in-depth research.
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