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Abstract

A pot experiment was conducted to assess the effects of coffee husk compost, lime and their combinations on chemical
properties of acidic soil and coffee seedling growth at Haru Research Sub-Center nursery site in west Wollega zone
in 2016/17. Soil and coffee husk compost samples were collected, prepared and analyzed before and at the end of
experiment following the standard laboratory procedures. The experiment was laid out in a factorial experiment arranged
in Randomized Complete Block Design with three replications. The treatments included four levels of lime (0, 1.6, 3.2 and
4.8 t ha') and coffee husk compost (0, 5, 10 and 15 t ha). The relevant soil data were collected and subjected to Analysis
of Variance using SAS package and treatment means were compared at 0.05 probability using Duncan’s Multiple Range
Test. The results revealed that lime and coffee husk compost rates significantly increased the soil pH and decreased
exchangeable acidity which resulted in improved nutrient availabilities of acidic soil. The highest values for soil chemical
parameters such as organic carbon, total nitrogen, available phosphorus, cation exchange capacity and basic cations
were obtained from the application of 15 t ha™ coffee husk compost and combined lime and coffee husk compost at the
modest levels of 3.2 t ha lime and 10 t ha* coffee husk compost. From the study, it can be concluded that application
of 15 t ha compost or combining 10 t ha! of coffee husk compost and 3.2 t ha of agricultural lime to acidic soil could
be a promising alternative amendment for acid soil management and crop production in Haru areas, western Ethiopia.
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for crop production and sustainable soil health management
[8,11,12].

Introduction

Soil acidity is among the major land degradation prob-

lems, which affects more than 50% of the world's potentially
arable lands, particularly in the tropics and subtropics [1,2].
Most acidic soils have been found to be low in fertility, have
poor chemical and biological properties. Strong soil acidity is
mostly associated with Al, H, Fe, Mn toxicities to plant roots in
the soil solutions and corresponding deficiencies of the avail-
able plant nutrients such as calcium (Ca), magnesium (Mg),
molybdenum (Mo), phosphorus (P) and potassium (K) [3,4].

In Ethiopia soil acidity and associated low nutrient avail-
ability are among major constraints to crop production and
productivity [5-7]. Soil acidity is expanding both in scope and
magnitude in the north -central, south western and western
high lands of Ethiopia; severely limiting crop production and
productivity [6-9]. Recently, Getachew, et al. [10] reported
that about 43% of the cultivated land in humid and sub-humid
highlands of Ethiopia are affected by soil acidity. Soil nutrient
depletion, erosion and leaching of basic cations are also very
widespread crop production constraint in Western Ethiopia.
In the western part of the country particularly in eastern and
western Wollega zones of Oromia, soil acidity was very criti-
cal and deserved immediate intervention to amend the soils

Several practices have been recommended to reclaim
acidity and upgrade the productivity of strongly acidic soils.
These include the cultivation of acid tolerant crops, liming
and the use of organic fertilizers. Of these practices, liming
ameliorates soil acidity and reduces the detrimental effects
of aluminum toxicity on nutrient availabilities and increase
crop productivity [13,14]. However, it cannot be a perma-
nent solution to the problem of soil acidity amelioration due
to economic reasons particularly for smallholder farmers in
developing countries such as Ethiopia [14] Therefore finding
liming material from easily available organic materials is rec-
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ommended where soil acidity is a serious threat to enhancing
household and national food security.

Using compost and animal manures on crops almost al-
ways has the desirable effect since they contain substantial
amounts of major and trace elements. Furthermore, they
have a positive effect on the chemical and physical proper-
ties of the soil [15]. Thus, they can be of tremendous benefit
in heavily weathered soils because they can improve the soil
structure and its water holding capacity [16]. Also the need
for renewable, locally available and cheaper options for sup-
plying nutrient to crops is increasingly becoming important
because of the need for sustainable agriculture [15,17,18].

There is thus the need to recognize other potential organ-
ic amendment sources such as the by-products from wet and
dry coffee processing. The dry coffee processing is common-
ly practiced and easily available at coffee producing areas in
Haru areas of western Ethiopia [19]. These coffee by-products
are utilized elsewhere as soil amendments [20-23]. While in
south and western coffee producing areas of Ethiopia enor-
mous quantities are either dumped into streams or burnt in
big piles, with contributions to environmental hazards [19,24-
26]. Therefore, the objective of this study were: To deter-
mine the effects of coffee husk compost and agricultural lime
amendments on acidic soil and thus to contribute to sustain-
able soil fertility management and crop production system in
western Ethiopia.

Materials and Methods

Description of the study area

The study was conducted at the Haru Agricultural Research
Sub-Center (HARSC) in West Wollega zone, Oromia National
Regional State, Western Ethiopia. Haru Agricultural Research
Sub-center of the Jimma Agricultural Research Center was es-
tablished in 1998 primarily to address the potentials and con-
straints in west Wollega specialty coffee growing areas. The
center represents the sub-humid tepid to cool mid highlands
coffee agro-ecological zone in West Ethiopia. It is found at 28
km from Gimbi town of west Wollega zone and 466 km from
Addis Ababa in western Ethiopia. The area is geographically
located between latitude of 8°54' 30" North and longitude
of 35°52'0" East at an elevation of 1750 m.a.s.l. The area is
characterized by uni-modal rainfall pattern with an average
annual rainfall of 1700 mm. The rainy season starts in March
or May and extends up to October. The mean maximum and
minimum air temperature is 27.8 °C and 12.4 °C, respectively.
The soil type of the center is Acrisols and sandy clay loam [27].

Experimental materials and procedures

Fresh coffee husk was collected from the dry coffee pro-
cessing site in Jitu town, Haru District. The compost was pre-
pared by using 70% coffee husk, 20% animal manure and 10%
forest soil to introduce beneficial microorganisms for decom-
position following the procedure adopted by Solomon [24].
The prepared compost was air dried under shade, crushed,
blended into powder and screened through 2 mm sieve and
applied to the experiment.

Top soil at the depth of 0-20 cm was collected from open

field which is less fertile and acidic soil to be amended with
coffee husk compost and lime after air drying and screening
through 2 mm sieve. Moreover, the different lime rates as
powdered lime having a calcium carbonate equivalent of 98%
was used. The lime requirement (LR) was obtained by mul-
tiplying Exchangeable acidity with soil depth (0.20 m), bulk
density and crop factor [28].

LR,CaCO,(kg/ha)=(cmol EA/kg of
$0il*10000m?*0.20m*B.D(Mg/m?)*1000)/2000*Cf

Where: EA = 3.2 cmol kg™ of soil
B.D=10gcm?3

Cf (crop factor) = 1.5 for moderately aluminum tolerant
crops

Accordingly lime rate (100, 66.7, 33.3 and 0) % of lime
requirement obtained from the above equation was used;
which is (4.8, 3.2, 1.6 and 0) t ha™respectively.

Experimental treatments and design

The treatments consisted of four coffee husk compost ap-
plication rates (0, 6.25 g, 12.5 g and 18.7 g) and four lime rates
(0,2g,4g, and 6 g) in 2.5 kg of acidic soil; which is ( 0, 5,10
and 15) and (0, 1.6,3.2 and 4.8) t ha* coffee husk compost and
lime rate respectively. The treatments were conducted using
polythene bags of 12 x 22 cm size. The polythene bags were
prepared and firmly filled with the treatment rates which
were added and thoroughly mixed with the soil.

A 4 x 4 factorial experiment arranged in a randomized
complete block design with three replications was used for
the study.

Data Collection

Soil sample preparation

The composite soil sample was prepared and analyzed
for soil physical and chemical parameters at the beginning of
the study. These included texture, pH, exchangeable acidity
(exchangeable AI** and H* ions), exchangeable cations (Ca%,
Mg?, K* and Na*), organic carbon, organic matter, total N,
available P. Moreover, potting medium soil samples collected
from each experimental unit and analyzed for some selected
chemical properties after completing the experiment.

Soil laboratory analyses

The soil analyses were conducted at Jimma and Holetta
Agricultural Research Center laboratory settings. The major
soil physico-chemical parameters including soil texture, bulk
density, soil reaction(pH), exchangeable acidity, organic car-
bon, total nitrogen, available phosphorus, cation exchange
capacity and potassium were determined at Jimma Agricul-
tural Research Center, while basic cations (Ca, Mg and Na) ,
except K ,were analyzed at Holetta Agricultural Research Cen-
ter laboratory Table 1.

Soil texture was determined using Bouyoucos hydrometer
[29]. Bulk density was estimated from undisturbed soil sam-
ples collected using core sampler following the method used
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by Blake [30]. Soil pH was measured potentiometrically using
digital pH meter in 1:2.5 soil to water solution ratio [31]. Ex-
changeable acidity was determined by extracting the samples
with 1 M KCI solution and titrating with NaOH as described
by McLean. Cation exchange capacity (CEC) and exchangeable
bases (Ca, Mg, K and Na) were determined after extracting the
soil samples by ammonium acetate (1 M NH, O Ac) at pH 7.0.
Exchangeable Ca and Mg in the extracts were analyzed using
Atomic Absorption Spectrophotometer (AAS) and Na and K
were analyzed by flame photometer as described by Chap-
man [32] Organic carbon was determined following the wet
digestion method [33] Organic matter content was calculated
by multiplying the percent organic carbon by 1.724. Total N
was determined by the Kjeldahil procedure [34]. Available P
was determined by Olsen for compost sample [35] and Bray |l
for soil samples [36] extraction methods. The absorbance of
available P extracted by both methods was measured using

spectrophotometer after color development and the result
were mentioned in Table 1.

Statistical Analysis

The collected soil data were summarized and subjected to
ANOVA (analysis of variance) using SAS software (version 9.3)
[37]. For significantly different treatments, the means were
separated using Duncan’s Multiple Range Test (DMRT) at (P
= 0.05). Simple correlation analyses were also conducted to
assess the associations between some soil chemical param-
eters.

Results and Discussion

Effects of coffee husk compost and lime amend-
ments on soil pH and exchangeable acidity

Analysis of variance revealed that soil pH and exchange-

Table 1: Selected physico-chemical properties of experimental soil and coffee husk compost.

Physical and chemical properties Soil Coffee husk compost
Sand (%) 64 -

Clay (%) 24 -

Silt (%) 12 -
Textural class Sandy clay loam -

Bulk density(g/cm?) 1.0 -
pH(H,0) 4.72 8.48
pH(KCL) 3.72 7.01
Exchangeable acidity(cmol (+) kg?) 3.2 -
Organic carbon (%) 2.17 10.0
Organic matter (%) 3.74 17.3
Total Nitrogen (%) 0.19 0.86
CEC (cmol (+) kg?) 11.35 65.52
Available phosphorus (mg kg?) 9.03 187.67
Ca (cmol (+) kg?) 2.46 12.21
Mg (cmol (+) kg?) 1.23 6.81

K (cmol (+) kg?) 0.57 30.44
Na (cmol (+) kg?) 0.05 1.13
C:N ratio 11.4 11.6

Table 2: Interaction effects of coffee husk compost and lime rates on soil pH.

Soil reaction (pH)

Lime rate Coffee husk compost rate (t/ha)
(t/ha) 0 5

0 471" 5.34#
1.6 5.31¢ 5.49f
3.2 5.61¢%f 5.65¢d
4.8 5.75b« 5.77%<
CV (%) 1.51

10 15
5.59¢f 5.75b<
5.78%¢ 5.87%®
5.79%¢ 5.89%
5.81%¢ 5.92%

Mean values within a row or column followed by the same letter(s) are not significantly different from each other at P <0.05

abedefeh: Indicate statistically significance difference of each treatment from each other at 5% by Duncan Multiple Range Test.
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Figure 1: Interaction effects of coffee husk compost and lime rates on soil exchangeable acidity.
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able acidity were highly significantly affected (P < 0.01) by
application of lime, coffee husk compost and their combi-
nation (Table 2 and Figure 1). Accordingly, the lowest mean
value (4.71) of pH was obtained from the control without any
amendment while the highest value (5.92) was obtained from
combined application of 4.8 lime and 15 coffee husk compost
t ha (Table 2). Soil exchangeable acidity values also ranged
from 3.16 to 0.09 cmol (+) kg? for the same treatments (Fig-
ure 1).

Application of coffee husk compost alone showed change
in soil pH from 4.71 (control) to 5.75 with level of 15 t ha'
(Table 2). Hence, coffee husk compost alone has also an effect
on soil pH since; it can contribute basic cations that neutral-
ize soil acidity through hydrolysis reaction. Increase in soil pH
due to the application of compost or organic amendments
was also reported by Kasongo, et al. [20] and Fekadu, et al.
[15].

The combination of lime with coffee husk compost mostly
increased the soil pH than either lime or coffee husk com-
post alone (Table 2). The increase was attributed to the dis-
placement of AI** and H* ions from soil sorption sites by Ca?*
content in lime. In addition, the OH" ions, Ca?* and Mg?* ions
released through compost decomposition may have also
contribute to the complexation of Al** and H*ions in the soil.
Similar explanations were made by Gitari [38], Samake [39],
Gitari, et al. [40] and Fekadu, et al. [15] who reported that ap-
plication of lime combined with organic materials like manure
increased soil pH.

In all the treatments except the control, soil pH progres-
sively increased while the exchangeable acidity decreased
with increased rates of coffee husk compost and lime. This
corroborates with the findings of Taye et al. [41], Kason-
go, et al. [20,22], Nduka, et al. [23] and Bayu, et al. [42]. It
could be attributed to reduction of AI** ions concentration in
soil solution and in exchangeable sites because of lime and
manure application [18]. Samake [39] and Tigist, et al. [18]
also reported that addition of organic manures to acid soils
increased soil pH, decreased Al saturation, and there by im-
proved conditions for plant growth.

Several mechanisms have been proposed for reducing
acidity by organic manures. These mechanisms include spe-
cific adsorption of organic anions on hydrous Fe and Al sur-
faces and the corresponding release of hydroxyl ions which
increase soil pH [43]. Adsorption of Al by organic matter sites
and the subsequent isolation of the inorganic phase to main-
tain the equilibrium Al activity in soil solution have been pro-
posed to increase soil pH [43].

Also the rise of soil pH through addition of compost could
have been caused by consumption of H* by the humic-type
substances which have a large number of carboxyl, pheno-
lic functional groups [15,20]. These substances are formed
during decomposition processes and are relatively stable
against further decomposition. Their capacity to consume H*
therefore, indicates their buffer characteristics and their abil-
ity to neutralize soil acidity.

Gitari, et al. [40] found that additions of organic manures
to acid soils improve soil fertility not only by adding organic
matter and nutrients but also by increasing soil pH and de-
creasing concentrations of phytotoxic Al in exchangeable
and/or soluble form. Certainly, the coffee husk compost used
in this study had a higher pH than the study soil so their ad-
dition is likely to have contributed to the slight raise of pH of
this soil (Table 1 and Table 2). The rise in pH and reduction
of soil exchangeable acidity can also be associated with the
presence of basic cation (Ca*) and anions (CO,?) in lime that
are able to exchange H* from exchange sites to form H,0 +
CO, and cations occupy the space left behind by H* on the ex-
change leading to the rise in pH [3].

Effects of coffee husk compost and lime amend-
ments on soil organic carbon, total nitrogen and
available phosphorus

Soil organic carbon: The analysis of variance showed that
soil organic carbon was significantly affected (P < 0.05) due
to the application of coffee husk compost and lime (Table 3).
Application of coffee husk compost caused increases in soil
organic carbon from 2.12% (control plot) to 2.52% with appli-
cation of 15 t ha™ as shown in Table 3. This is about 24.75%
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Table 3: The interaction effects of coffee husk compost and lime rates on soil organic carbon and total nitrogen.

Organic carbon (OC %)

Lime rate Coffee husk compost rate (t/ha)
(t/ha) 0 5

0 2.12f 2.32b«
1.6 2.17¢ 2.35bd
3.2 2.27% 2.36°
4.8 2.28cde 2.37b
CV (%) 3.60

Total nitrogen (TN %)

0 0.1638 0.203¢
1.6 0.180f 0.217¢de
3.2 0.193¢f 0.203¢
4.8 0.193¢ 0.207%
CV (%) 4.61

10 15
2.40%* 2.52%
2.41%® 2380
2.42%® 2.39%
2.41%® 2.41%®
0.203° 0.2432
0.210% 0.237®
0.223% 0.220°
0.223% 0.210¢

Mean values within a row or column followed by the same letter(s) are not significantly different from each other at P < 0.05

abedete: ndicate statistically significance difference of each treatment from each other at 5% by Duncan Multiple Range Test.

increase over the control. The highest soil organic carbon
recorded in soil amended with sole 15 t ha of coffee husk
compost was followed by combination of lime and coffee
husk compost at the rate of 3.2t ha'and 10 t ha respectively
which was increased 19.8 % over the control. The increases in
soil organic carbon content with the respective rates of cof-
fee husk compost, clearly indicate contribution of the amend-
ment to soil organic carbon content. Hence, the high organic
carbon contents of the plot treated with coffee husk compost
alone could be attributed to its high organic matter content.
This corroborates with the works of Taye, et al. [41]. Samake,
et al. [39] also reported increases in soil organic carbon con-
tent with increasing rates of organic matter amendments.

Even though statistically not significant, application of
lime alone slightly increased soil organic carbon with increas-
ing rates (Table 3). The magnitude of increment was in the
range of 2.4-7.5% over the control with respective rates. The
increment in soil organic carbon contents due to lime applica-
tion, might be associated with the improvement of soil struc-
ture, which might be increased the stability of clay assem-
blages and clay-organic matter bonds, which should bring an
increase in soil organic carbon physical and physicochemical
protection.

Soil total nitrogen: Total soil nitrogen significantly (P <
0.01) affected due to the main effect of coffee husk compost
and interaction of lime and coffee husk compost. However,
the main effect of lime did not significantly affected (P > 0.05)
soil total nitrogen (Table 3). Compared to the control, all
treatments increased nitrogen content of the soil (Table 3).
Application of lime alone increased total nitrogen from 10.43-
18.4% over the control with increasing rate. Correspondingly,
total nitrogen content of the soil was increased from 24.5- 49
% by application of coffee husk compost over the control with
increasing rate. The highest total nitrogen was obtained from
application of 15 t ha' coffee husk compost without lime(0

lime) followed by combined application of 1.6 t ha! lime and
15 t ha! coffee husk compost and 3.2 t ha! lime and 10 t ha™!
coffee husk compost with increment of 49%, 45.4% and 36.8%
over the control respectively. While, the lowest was obtained
from the control (Table 3). The observed increase in total ni-
trogen could be due to some amount of decomposition which
might have occurred when coffee husk compost was added
to soil and improvement of the organic matter content of the
soil. This agrees with the result reported by Tigist, et al. [18],
who reported application of vermicompost and lime on acid
soil had significantly increased soil total nitrogen and organic
carbon. Also, Bayu, et al. [42] reported highest mean value of
organic carbon and total nitrogen with application of 15t ha!
of coffee husk biochar amendment on acid soil.

Soil available phosphorus: The main effect of both lime
and coffee husk compost and their interaction highly signifi-
cantly (P < 0.01) affected soil available phosphorus as com-
pared to the control (Figure 2). Application of lime without
coffee husk compost increased available phosphorus content
of the soil by 20.6-90.9% over the control plot with increasing
lime rate (Figure 2). This might be due to increased soil pH
as a result of lime application. Liming of acidic soils could in-
crease soil pH, which enhances the release of phosphate ions
fixed by Al and Fe ions into the soil solution [11,15]. The cor-
relation analysis of the results also indicated significant, posi-
tive relationship between soil pH and available phosphorus of
soil (r=0.67; P <0.01) (Table 4). This clearly shows significant
effect of soil pH on availability of phosphorus in acid soils.

Similarly, application of coffee husk compost significantly
increased soil available P relative to the control. The increases
in available phosphorus due to coffee husk compost applica-
tion were 154.5% at 5t ha?, 298.5 % at 10t ha® and 480.9 %
at the application of 15 t ha over control. The highest values
of available phosphorous was recorded after application of
15t ha coffee husk compost without lime at pH of 5.75. The
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Figure 2: Interaction effects of coffee husk compost and lime rates on soil available phosphorus.
Table 4: Pearson correlation coefficients among some soil chemical properties (n = 48).
pH Ex.A oC TN Av.P CEC Ex.Ca Ex.Mg Ex.K Ex.Na
pH 1
Ex.A -0.93** 1
ocC 0.75** -0.74%** 1
TN 0.69** -0.71%* 0.64** 1
Av.P 0.68** -0.75%* 0.61%* 0.82%** 1
CEC 0.81** -0.82** 0.73** 0.84** 0.91** 1
Ex.Ca 0.78%* -0.77%* 0.48%* 0.37** 0.43%* 0.60** 1
Ex.Mg 0.72** -0.78** 0.51** 0.67** 0.88** 0.87** 0.68** 1
Ex.K 0.54** -0.63** 0.59** 0.72** 0.85** 0.76** 0.18ns 0.63** 1
Ex.Na 0.45** -0.33* 0.34** 0.25ns 0.29* 0.40** 0.31* 0.27* 0.33* 1

Ex.A = Exchangeable Acidity; OC = Organic Carbon; TN = Total Nitrogen; Av.P = available Phosphorus; CEC = Cation Exchange Capacity; Ex.Ca
= Exchangeable Calcium; Ex.Mg = Exchangeable Magnesium; Ex.K = Exchangeable Potassium; Ex.Na = Exchangeable Sodium; PBS = Percent
Base Saturation; ns = non-significant; * = significant at p < 0.05; ** = highly significant at p < 0.01.

observed increase in available phosphorus could be due to
the presence of phosphorous in the coffee husk compost. It
was suggested by Nduka, et al. [23], further decomposition of
coffee husk could release organic substances that can form
complex with ions of Fe and Al in soil solution consequently
prevents phosphorus fixation. This gradually neutralizes soil
acidity and hence makes fixed phosphorus available in the
soil solution. This result was in agreement with Bayu, et al.
[42] who reported increased soil available phosphorus with
application of coffee husk biochar. Therefore, application
of coffee husk compost to acid soil could increase available
phosphorus contents of soil through releasing of phosphorus
in it and also by increasing soil pH which reduces phosphorus
fixation.

The combined application rate of 3.2 t ha* lime and 10 t
ha of coffee husk compost also caused an increase of avail-
able phosphorus contents of the soil by 462.4% over the con-
trol which is statistically par with the highest result obtained
from 15 t ha? coffee husk compost (Figure 2). This result is
in accordance with Tigist, et al. [18] who reported that com-

bined application of lime and vermicompost significantly in-
creased soil available phosphorus.

As it was discussed above, combined application of lime
and coffee husk compost created favorable environment for
microbial activities and possibly resulted in net mineralization
of the applied soil which could enhance the release of avail-
able phosphorus. Availability of phosphorus is enhanced in
an acid soil following the application of organic amendments
[18,22,23,39] .Similarly Habtamu [44] reported organic mat-
ter as one of the most important and easily available reclama-
tion methods for phosphorus fixation by blocking or chelating
acidic cations, rising pH and negative charges, solubilizing
and mineralizing nutrient phosphorus by organic acids and
phosphatase enzymes. The post experiment higher residual
quantity of phosphorus seems to inform that the coffee husk
compost has adequate nutrient composition. Therefore the
compost prepared from coffee husk may also be a very im-
portant liming material for soil acidity amelioration as report-
ed by Nduka, et al. [23].
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Figure 3: Interaction effects of coffee husk compost and lime rates on soil cation exchange capacity.
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Effects of coffee husk compost and lime amend-
ments on soil cation exchange capacity and ex-
changeable bases

Soil cation exchange capacity (CEC): Analysis of variance
revealed that soil CEC was highly significantly affected (P <
0.01) by the main effect of both lime and coffee husk com-
post and their interactions (Figure 3). Lime application with-
out coffee husk compost increased CEC of soil with respective
of levels (Figure 3). Accordingly the magnitude of increments
for the soil treated with lime was 24.2% over the control plot
with the highest lime rate (4.8 t ha). Similarly coffee husk
compost application without lime also increased soil CEC with
about 53.7 % over the control with the highest compost rate
(15 t hat). However the highest soil CEC (18.28 cmol (+) kg?)
was recorded for soils from plots treated with combined ap-
plication of lime and coffee husk compost at the rates of 4.8
t ha® and 15 t ha' respectively with about 59.6% increment
over the control while the lowest (11.45% ) was obtained
from the control. This might be due to improved soil condi-
tions such as soil pH and reduction of exchangeable acidity
which in turn increased the exchange sites of the soil. This re-
sult was in line with Tigist, et al. [18] who reported the incre-
ment of soil CEC with lime and vermi-compost amendment
on acid soil.

The correlation analysis of the results also indicated sig-
nificant, positive relationship between soil pH and CEC of soil
(r =0.81; p < 0.01) (Table 4). This clearly shows significant
effect of soil pH on CEC. Therefore, any management option
that can improve soil pH could increase CEC of soil and subse-
quently soil fertility.

Soil exchangeable calcium (Ca?*): Analysis of variance on
soil exchangeable calcium showed that highly significant dif-
ference (P < 0.01) due to the main effects of lime and coffee
husk compost and significance difference (P < 0.05) due to
their interaction (Table 5). Accordingly application of lime
alone increased soil exchangeable Ca by 112.8 -280.9 %

above the control with increasing lime rate (Table 5). Similar-
ly application of coffee husk compost without lime increased
soil exchangeable Ca by 44.4-138.5% above the control with
increasing compost rate (Table 5). However the highest in-
crease of 351.4% exchangeable Ca above the control was re-
corded for soil from plots treated with combined application
of lime and coffee husk compost at the rates of 4.8 and 10 t
ha! respectively. While the lowest value was obtained from
the control (without any amendments) (Table 5). Probably,
this higher exchangeable Ca?*content from the combination
of lime and coffee husk compost might be attributed to the
release of Ca? ions in lime through its dissolution and min-
eralization of the compost. This agrees with Tigist ,et al. [18]
who reported increase of exchangeable Ca after application
of lime alone and combined with vermicompost at western
Ethiopia. Similarly, Gitari [38] found significant increase in soil
exchangeable Ca when lime applied to acidic soils with ma-
nure.

Several authors reported that combined application of
organic matter such as manure, compost and vermicompost
with liming improved the soil chemical properties: pH, ex-
changeable Ca and microbial activity [11,15,20,39]. These in-
teractive effects are clear in this study as it was found that soil
exchangeable Ca was positively and significantly correlated to
soil pH (r=0.77: p < 0.01) (Table 4). This indicates exchange-
able Ca is much more affected by soil pH.

Soil exchangeable magnesium (Mg?*): Combined or indi-
vidual application of lime and coffee husk compost highly sig-
nificantly (P < 0.01) affected soil exchangeable Mg (Table 5).
The highest mean value in soil exchangeable Mg due to lime
application was observed with application rate of 4.8 t ha!
(45%) over the control plot (Table 5). Similarly application of
coffee husk compost alone also increased exchangeable Mg
by 183.7% over the control with application rate of 15t ha™.
However, the most effective increment in exchangeable Mg
(5.57 cmol (+) kg™) was recorded for soils from plots treated
with combined application of lime with coffee husk compost

Takala. J Soil Water Sci 2020, 4(1):141-150

Open Access | Page 147 |



Citation: Takala B (2020) Ameliorative Effects of Coffee Husk Compost and Lime Amendment on Acidic Soil of Haru, Western Ethiopia. J Soil

Water Sci 4(1):141-150

Table 5: The interaction effects of coffee husk compost and lime on soil exchangeable bases (Ca*, Mg*, K* and Na*).

Treatment description Exchangeable bases

CHC L rate (t/ha) Ca* Mg? K* Na*
rate(t/ha) (cmol(+)/kg) (cmol(+)/kg) (cmol(+)/kg) (cmol(+)/kg)
0 0 2.41¢ 1.23" 0.49" 0.053¢
1.6 5.13¢ 1.49¢eh 0.53" 0.067%
3.2 7.60¢ 1.62¢" 0.57" 0.067%®
4.8 9.18% 1.79%h 0.77¢" 0.067%
5 0 3.48f 1.88f% 1.09¢f 0.070%*
1.6 5.80¢ 2.34¢ 1.04f 0.060°
3.2 8.26 3.24« 0.99% 0.060°*
4.8 10.00* 3.73¢ 0.97% 0.067%
10 0 4.97¢ 2.80% 1.70° 0.063%
1.6 7.27¢ 3.36¢ 1.45b 0.073°
3.2 8.94%¢ 4.48° 1.38cde 0.070%
4.8 10.882 4.95° 1.249%f 0.067%®
15 0 5.75¢ 3.49¢ 2.39° 0.070%
1.6 7.74¢ 4.35° 1.70° 0.063*
3.2 9.18% 4.88° 1.63¢ 0.067%
4.8 9.98% 5.57° 1.75° 0.070%*
DMRT (5%) * *x *x *
CV (%) 8.40 10.79 13.23 8.02

DMRT = Duncan’s Multiple Range Test; CHC = coffee husk compost; L = Lime; * = significant at p < 0.05; ** = highly significant at p < 0.01; CV
= Coefficient of Variation. Mean values followed by the same letters with in a column are statistically not different from each other at p <0.05

abedefen: Indicate statistically significance difference of each treatment from each other at 5% by Duncan Multiple Range Test.

at the rates of 4.8 and 15 t ha respectively while, the lowest
value (1.23 cmol (+) kg?) was obtained from control (Table 5).
These findings are in agreement with Tigist, et al. [18] who
reported increased exchangeable Mg in the soil where vermi-
compost was applied combined with lime. Kasongo, et al.[20]
also reported increased exchangeable Mg in soil as a result
of coffee waste application due to the release of Mg through
decomposition. Samake [39] also found increased Mg in the
soil as a result of applied manure either alone or combined
with lime and attributed the increase to improved soil pH, as
was observed in this study.

In the current study, there was significant, positive rela-
tionship between soil pH and soil exchangeable Mg (r = 0.72;
P <0.01) (Table 4), which shows the importance of soil pH
improvement to enhance soil Mg availability. According to
Samake [39], the availability of Mg in acid soils is reduced un-
der low soil pH as the soil exchangeable sites are depleted of
Mg, creating an imbalance of these nutrients. Therefore, its
increase may be a result of improved soil conditions (acidity)
due to improved organic matter and application of lime.

Soil exchangeable potassium (K*): Application of lime
and coffee husk compost amendment alone and their com-
bination showed highly significant effect (P < 0.01) on soil
exchangeable K over the control (Table 5). Application of
lime alone increased significantly soil exchangeable K as
compared to control treatment (Table 5). This result was in

line with Samake [39] findings where the application of lime
alone significantly affected soil exchangeable K. On the other
hand, combined application of coffee husk compost and lime
increased exchangeable K by 264.5% over the control with
application rate of 1.6 t ha? lime and 15 t ha? coffee husk
compost. However, the most effective increase was obtained
from application of coffee husk compost alone (2.39 cmol (+)
kg?) of soil using 15 t ha® of coffee husk compost. This was
probably due to the added K with coffee husk compost which
released into the soil system due to decomposition and min-
eralization. The compost used in the current study had of 30
cmol (+) kg exchangeable K (Table 1) content which might
have added significant amounts of this nutrient to the soil.
Other researchers [20,22] reported increased soil exchange-
able K when coffee waste was applied to tropical acid soils.

Soil exchangeable sodium (Na*): The main effects of lime
did not significantly affected (P > 0.05) soil exchangeable sodi-
um. However the main effects of coffee husk compost and in-
teraction effects with lime significantly affected (P < 0.05) soil
exchangeable sodium (Table 5). Accordingly the highest value
(0.077 cmol (+) kg?) was obtained from application of 15 t
ha! coffee husk compost without lime and followed by (0.073
cmol (+) kg?) which was obtained from combined application
of 3.2t hallime and 10 t ha™ coffee husk compost; while the
lowest value (0.053cmol (+) kg?) was obtained from the con-
trol (Table 5).This could be due to added Na* with coffee husk
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compost to the soil and reduced nutrient fixation with lime as
a result of increase in pH.

Conclusion

The effect of coffee husk compost and lime amendment
on acid soil was investigated under nursery experiment.
Accordingly findings of the study showed that, application
of the coffee husk compost and lime rates and their inter-
actions were significantly improved soil chemical properties
by increasing soil pH and reduced exchangeable acidity, in a
way that enhanced the availability of plant macronutrients.
The highest values for soil chemical parameters such as or-
ganic carbon, total nitrogen, available phosphorus, cation
exchange capacity and basic cations were obtained from the
application of 15 t ha! coffee husk compost alone and com-
bined application of lime (3.2 t ha') and coffee husk compost
(10 t ha?). Furthermore, the increased soil pH, because of the
liming effect of coffee husk compost, brought about a signif-
icant increase in plant nutrient availabilities with substantial
reduction of phytotoxic exchangeable Al. This is of particular
importance as it indicates the value of coffee husk compost as
an alternative amendments to ameliorate acid soils for small-
scale farmers who cannot afford to regularly purchase lime
and mineral fertilizers. Therefore application of 15 t ha! cof-
fee husk compost or combining 10 t ha! of coffee husk com-
post with 3.2 t ha of agricultural lime to acidic soil could be a
promising alternative amendment for acid soil management
and crop production in Haru area, western Ethiopia.
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