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Effect of filter cake and bagasse ash application
on selected chemical properties of acidic Nitisol

Abstract. The rising cost of lime, traditionally used to address soil acidity and its detrimental
effects on soil fertility, has prompted the exploration of organic by-products as more affordable
alternatives for mitigating soil acidity, particularly for low-income farmers. Therefore, the objective
of this study was to investigate effects of filter cake (FC) and bagasse ash (BA) application on soil
acidity under greenhouse condition. The experiment was laid out in a completely randomised
design with four replications. The FC and BA were investigated separately each with six levels
(0, 20, 40, 60, 80, and 100) t/ha™. The acidic soil was collected from Imdibir area at a depth of
0-20 cm, air dried, ground and passed through 4 mm sieve. Each pot was received 4 kg of soil with
respective treatment material after they were well homogenised. The laboratory analysis revealed
that the soil had an initial pH of 5.1, while filter cake and bagasse ash had pH values of 8.0 and
10.2, respectively. Application of FC increased soil pH from 5.1 to 7.3, along with improvements
in organic matter, nitrogen, phosphorus, sulphur, potassium, calcium, magnesium, and cation
exchange capacity. Similarly, BA application raised pH from 5.1 to 74 and enhanced organic matter,
nitrogen, phosphorus, sulphur, potassium, calcium, magnesium, and cation exchange capacity.
The maximum effects for both FC and BA occurred at the highest application rate (100 t/ha?), while
iron and manganese content increased with BA application but decreased as rates increased, and
copper and zinc levels were positively affected by both FC and BA applications. Overall, both FC and
BA applications significantly improved soil pH and nutrient content. The findings of this study can
provide practical and cost-effective solutions for improving soil fertility and crop production
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INTRODUCTION

Soil acidity is a significant factor limiting agri- such as nitrogen, phosphorus, potassium, and
cultural productivity in highland regions of Ethi-  iron, leading to reduced crop yields and lower
opia. Excessively acidic soil hinders the avail-  quality agricultural produce. Farmers often have
ability of essential macro and micronutrients limited resources and may not afford expensive
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lime to address this issue. Therefore, the search
for more affordable and environmentally friend-
ly methods of soil acidity correction, including
the use of organic materials, becomes an urgent
task to support sustainable agricultural devel-
opment in Ethiopia’s highland regions.

M.T. Ejersa (2021) noted that in Ethiopia, 43%
of arable lands have been affected by soil acid-
ity. The western, southern, northwestern and
central highlands of the country are the areas
where soil acidity becoming a serious threat to
crop production. Imdibir, the site from where
the experimental soil was collected, is located
in central highlands that affected with soil acid-
ity. The leaching of basic cations (Ca, Mg, and
K) and replacing by acid forming cations (AI**
and H*) due to heavy rainfall, excessive appli-
cation of H* releasing inorganic fertilisers and
removal of basic cations during harvesting of
the crops are the main causes of soil acidity in
the study area. R. Hume et al. (2022) noted that
the excessive application of urea (NH,-CO-NH,)
and ammonium (NH,") containing fertilisers
contributes protons (H* ions) supply during the
nitrification of NH,* to nitrate (NO, ). The release
of H* into the soil solution reduces the pH of the
soil. PM. Kopittke et al. (2019) concluded that a
small decrease in soil pH decreases the availa-
bility of soil nutrients (P, K, Ca, and Mg), affects
the soil structure, functioning of microbial com-
munities, nitrogen fixation by soil microbes, and
sustainability of crop production. The level of
available phosphorus in acidic soils is also low.
The reason for low availability of phosphorus in
acidic soil is owing to fixation of dissolved phos-
phorus by aluminium and iron. This condition
can be minimised by organic amendments (Mu-
tammimabh et al, 2020). In Ethiopia, liming has
been practicing improving soil pH and nutrient
availability in acid affected soil. However, the
high price of agricultural lime has been chal-
lenging the low income (poor) farmers. For that
reason, the researchers and farmers are shift-
ing their idea to organic amendment of acidic
soils. According to D. Alabi et al. (2022), N. Xu et
al. (2022), organic fertiliser is cheap, affordable
and reduces the cost of using inorganic fertil-
iser. Furthermore, the addition of agricultural
by-products to mineral soils has the potential to
improve crop production. That is why this study
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was focused on filter cake (FC) and bagasse ash
(BA) application for soil acidity amendment.
A. Soltangheisi et al. (2019) determined that both
FC and BA are sugar industry by-products. FC is
a waste by-product from the process of sugar
clarification, composed of a mixture of ground
sediment and crushed sludge. FC increases soil
fertility by providing nitrogen and phospho-
rous for crops or soil cover. Due to its chemical
nature, FC can increase the organic matter con-
tent of the soil. Bagasse ash (BA) is also a sugar
industry by-product obtained from combustion
of bagasse that is used for steam/energy gener-
ation. These industrial by-products improve soil
properties and crop yields. Replacing chemical
fertilisation with these organic by-products not
only minimises the surplus usage of chemical
fertilisers, Replacing chemical fertilisation with
these organic by-products not only minimises
the surplus usage of chemical fertilisers, but also
a cost-effective and an eco-friendly approach
(Raza et al., 2021). These sugar industry by-prod-
ucts (FC and BA) contain micronutrients and ma-
cronutrients (Ca, Mg, P, and K) (Hale et al., 2020).
Soil application of FC can provide nutrients and
enhance physical quality. FC provides nutrients
suitable for plant development, and the levels
of available P. A. Gonfa et al. (2018) and E. Silva et
al. (2019) noted that FC keeps available P at agro-
nomically adequate levels by improving soil pH.
BA application is also recognised as a potential
fertiliser as it contains P and K. Nevertheless, it
is often disposed of as waste in landfills. Howev-
er, many reports have been presented by differ-
ent researchers as both FC and BA have capacity
of amending soil chemical properties. However,
there was no exhaustive investigation report of
FC and BA on acidic Nitisol. Therefore, the pur-
pose of this study was to investigate the effect of
FC and BA application on chemical properties
amendment of acidic Nitisol.

MATERIALS AND METHODS

Description of the study site. The pot experiment
was conducted in 2021 at Debre Zeit Agricultur-
al Research Centre (DZARC) under controlled
environment condition. The experimental soil
was acidic Nitisol and collected from Imdibir
area. Imdibir is located in Cheha District, Gu-
rage Zone, which is 188 km from the capital
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city, Addis Ababa. Imdibir is geographical-
ly located to south of the capital city, between
807'-8.117°N and 37°56’-37.933°E. The altitude of
Imdibir ranges between 2,130-2,164 m.a.s.1. The
average annual rainfall in the Imdibiru area is

1,268 mm, based on the ten years monthly data
(2001-2010) of the area. The average maximum
and minimum temperature for the last ten
years (2001-2010) were 24.64°C and 10.29°C, re-
spectively (Fig. 1).
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Figure 1. Average ten years monthly precipitation and temperatures of Imdibir area (2001-2010)

Source: District Agricultural Office (n.d.)

Collection of experimental soil. The repre-
sentative experimental soil was collected for pot
experiment from 20 farms. Acid affected soil was
selected purposely from the study area to inves-
tigate effects of filter cake (FC) and bagasse ash
(BA) application in amending soil acidity. The soil
was taken at the depth 0-20 cm from each field
using sampling system. Ten (10) kg of soil was
taken per field. To prepare for pot experiment,
all soils that collected separately were compos-
ited, well mixed, air dried, ground with mortar
and pestle and passed through 4 mm size. One
kg of soil sample was taken from homogenised
experimental soil, reground, passed through 0.5
and 2 mm sieve and used for laboratory analysis.

Treatment materials. Filter cake (FC) and ba-
gasse ash (BA) were collected from government
sugar estate factory. The FC and BA were select-
ed for two reasons: 1) they were locally available
in many sugar factories; 2) they were expected to
have a high nutrient content and the potential to
change soil acidity.

Experimental design and treatment set-up.
The pot experiment was conducted at Debre Zeit
Agricultural Research Centre (DZARC) under
greenhouse condition. The experimental de-
sign was completely randomised design (CRD).
Filter cake (FC) was air dried, grounded, and
weighed according to the treatment levels. The

)

bagasse ash (BA) was also weighed according to
the treatment levels. The levels (rates) of filter
cake and bagasse ash were 0, 20, 40, 60, 80, and
100 t/ha™. Each treatment was replicated quar-
tile (four times). The rates of FC were based on
that of E.M. Ossom et al. (2010) and of BA on that
of T. Ferreira et al. (2012). Each pot was labelled
(tagged) with treatment rate and material that
it received. Four (4) kg of experimental soil and
known amount of treatment material were well
homogenised and transferred to the pot that
had been tagged. Each pot was received equal
amount of water before sowing and left without
receiving seed for one day. In the next day, each
pot was received 10 seeds of durum wheat. Each
pot was receiving 100 ml of water within three
days interval. The seedlings were thinned to
seven after they reached 7 cm to minimise the
competition for nutrients. Ultimately, the wheat
that received BA application has matured earlier
than that received FC application. The time vari-
ation in maturity may be conditioned by time to
taken for FC to be mineralised and being availa-
ble to the plant.

Analysis of chemical properties of selected
soil and treatment materials. The chemical prop-
erties of the soil and treatment materials were
analysed using standard analytical laboratory
procedures. The pH of the soil and treatment
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materials was analysed potentiometrically with
1:2.5 soil to water ratio. Electrical conductivity
(EC) was measured using digital conductom-
eter and the supernatant used for pH reading.
Exchangeable acidity (H*+A3*) was determined
by percolating the soil with 1M KCl solution.
The acidity brought into soil solution from var-
ious sources was measured by titration in the
presence of standardised 0.02M HCl and 0.02M
NaOH using phenolphthalein indicator.

Organic carbon (OC) was determined by
Walkley-Black wet oxidation method and the
obtained results were converted to organic mat-
ter (OM) using the conversion factor 1.724. Total
nitrogen (TN) was determined by Kjeldahl mac-
ro digestion method using sulphuric acid and
mixed catalysts to convert organic nitrogenous
to ammonium sulphate. Soil phosphorus (P) was
analysed spectrophotometrically using Bray-II
method for soil before planting and Olsen meth-
od for soil that affected with treatment materials
based on their pH. Sulphur (S) was determined
turbidimetrically using barium chloride to pre-
cipitate SO,2-S in the form of barium sulphate
(BaSO,). The turbidity was measured using spec-
trophotometer. Exchangeable bases were deter-
mined by ammonium acetate method which

adjusted to pH 7.0. The reading was performed
using atomic absorption spectrophotometer
(AAS), AA series model. Cation exchangeable
capacity (CEC) was determined, using 10% so-
dium chloride as extractant solution after the
residue of ammonium salt have been washed
with 97% ethanol alcohol. The distillation was
conducted using Kjeldahl distillation unit and
the quantification was made by titration meth-
od. Soil micronutrients were determined using
diethylenetriaminepentaacetic acid (DTPA) as
extracting solution and reading was conducted
using atomic absorption spectroscopy (AAS), AA
series model. Correlations among the treatment
rates and different variables were computed us-
ing Pearson’s correlation analysis.

Statistical analysis and data interpretation.
All data generated from the soil affected by FC
and BA application were subjected to statistical
analysis using (SAS virsion 9.0). Significant dif-
ference among treatments means was assessed
using the least significant difference (LSD) test
at 0.05 probability level.

Analytical results of soil and treatment mate-
rials before planting. The experimental soil and
treatment materials were analysed before sow-
ing and the results are presented below (Table 1).

Table 1. Chemical properties of soil, filter cake and bagasse ash

Chemical parameter Soil before sowing Filter cake (FC) Bagasse ash (BA)
pH-H,0 5.1 8.0 10.2
EC (dS/m) 0.01 1.70 3.90
OM (%) 3.38 36.20 3.60
N (%) 0.16 1.77 0.17
Avail P (%) 0.0010 1.62 0.85
Avail S (%) 0.0035 1.67 1.29
Exch Na (cmol(+)/kg) 0.25 4.02 1.82
Exch K (cmol(+)/kg) 1.89 4.04 1.41
Exch Ca (cmol(+)/kg) 5.04 65.00 13.18
Exch Mg (cmol(+)/kg) 2.80 26.00 5.84

Exch.Al+H (Meq/100gsoil) 0.54 - -

Fe (mg/kg) 44.0 3.00 3.00
Mn (mg/kg) 154 39.00 19.00
Cu (mg/kg) 0.56 1.24 0.40
Zn (mg/kg) 2.40 31.00 10.50

Source: developed by the author

The EC of the soil before sowing was low.
The reason for low EC may be due to leach-
ing of cations and anions by heavy rain of the

study area. The organic matter (OM) content of
the soil before sowing was moderate according
to G. Getachew & T. Mamo (2019). However, the
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nitrogen content of the soil before sowing was
found being low (Landon, 1991). The reason may
be due to leaching of nitrogen that changed into
inorganic N form. The available P content of the
soil was determined using Bray-II method as the
soil was strongly acidic before sowing and the
results was found being medium and the value
was found being 0.001% (10 mg/kg™).

The available sulphur was determined by
turbidimetry and the result was found being
0.0035% (35.2 mg/kg?) for soil before sowing.
The exchangeable Na, K, Ca, and Mg content of
the soil before sowing were found low, very high,
very high, and medium, respectively (FAO, 2006)
(Table 1). The exchangeable acidity was found be-
ing 0.54 meq/100 g soil. The micronutrients were
also analysed for experimental soil before plant-
ing (Table 1). According to B. Jones (2003), the soil
Fe, Mn, Cu, and Zn content are rated as high, very
high, low, and high, respectively. The high mi-
cronutrients content of this soil shows that the
soil was strongly acidic. This may be due to high
leaching of basic cations with heavy rainfall

The experimental materials (filter cake (FC)
and bagasse ash (BA)) were analysed to deter-
mine their nutrient content. The data revealed
that the pH of FC and BA were 8.0 and 10.2, re-
spectively. The FC contained 36.2% OM, 177%

N, 1.62% P, and 1.67% sulphur. The BA contained
0.85% P and 1.29% SO, %-S before sowing.

The content of Na, K, Ca, and Mg in FC were
4.02, 404, 65, and 26 cmol(+) kg?, respective-
ly (Table 1). Soil CEC, sum of bases (S) and base
saturation ratio (V) were significantly improved
with increasing rates of filter cake. This coin-
cided with the finding of the Fe, Mn, Cu, and Zn
content of the FC of 3,39, 1.24, and 31 cmol(+)kg?,
respectively. BA contained 3.6% OM, 017% N,
0.85% P, and 129% sulphur. The exchange-
able base of BA were 1.84, 141, 13.81, and
5.84 cmol(+) kg for Na, K, Ca, and Mg, respec-
tively while the Fe, Mn, Cu, and Zn contents were
3,19, 040, and 10.5 mg/kg, respectively. The re-
sults show that FC contained relatively more nu-
trients compared to BA.

RESULTS AND DISCUSSION

Chemical properties of soil as affected by filter
cake (FC) and bagasse ash (BA) application

The soilwas also analysed after affected with
FC and BA rates application to assess the impact
of FC and BA on soil chemical properties. The
ANOVA showed that the pH of the soil was sig-
nificantly affected (P<0.0001) by FC and BA rates
application. The pH was increased with increas-
ing rates of FC and BA application (Table 2, 3).

Table 2. Analytical results of the soil as affected by FC application

FC (kg ha') | pH-H,0 (1.:2.5) EC (dS/m) OM (%) N (%) Ava.P (mg/kg) | Ava.S (mg/kg)
0 5.1¢ 0.01¢ 3.5 0.14¢ 10.0° 35.2f
20 6.2¢ 0.25¢ 3.8° 0.18¢ 42.0¢ 76.5¢
40 6.5¢ 0.30¢ 4.2¢ 0.20¢ 97.5¢ 119.4¢
60 6.9° 0.54° 4.8° 0.21° 139.8¢ 156.5¢
80 7.0° 0.54° 5.1° 0.22° 185.8° 266.5°
100 7.3° 0.63° 5.42 0.26° 224.52 389.42
LSD (5%) 0.20 0.03 0.11 0.01 5.71 0.156
CV (%) 2.14 4.13 1.64 3.75 3.28 0.059

Note: values with the same letters within a column are not significantly different at o = 0.05

Source: developed by the author

Table 3. Analytical results of soil as affected by BA application

Ba (kg ha?) | pH-H,0 (1.:2.5) EC (dS/m) OM (%) N (%) Ava.P (mg/kg) | Ava.S (mg/kg)
0 5.1¢ 0.01¢ 3.5¢ 0.14¢ 10.0° 35.2¢
20 6.8° 0.21¢ 3.6° 0.15° 14.4¢ 55.8¢
40 6.9 0.24¢ 3.8° 0.16° 19.9¢ 65.3¢
60 7.0° 0.30¢ 3.8° 0.17° 40.2° 76.6°
80 7.1° 0.34° 3.8° 0.17° 55.0° 77.3°

)
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Table 3, Continued

Ba (kg ha?) | pH-H,0 (1.:2.5) EC (dS/m) OM (%) N (%) Ava.P (mg/kg) | Ava.S (mg/kg)
100 7.4° 0.38° 3.8° 0.18° 57.7° 104.9°
LSD (5%) 0.19 0.02 0.06 0.01 1.61 3.40
CV (%) 1.81 3.21 2.46 4.56 3.96 3.42

Note: values with the same letters within a column are not significantly different at «=0.05

Source: developed by the author

In general, except for control, the soil pH fell
in the range of slightly acidic to slightly alkaline
for FC application and neutral to slightly alkaline
for BA application (Table 2, 3). The reason for soil
pH increment may be due to the presence of ba-
sic cations (Ca and Mg) in the form of carbonates
within the FC and BA. The finding was in line with
that reported by T. Matsi § V.Z. Keramidas (1999)
that changes in pH values strongly dependent
on ash application rates. The finding also cor-
roborates with A. Demeyer et al. (2001) that the
increase of pH in acidic soil is conditioned by
high alkalinity of BA. Application of FC and BA
also highly significantly affected (P<0.001) soil
EC,OM, N, Ava.P and Ava.S (Table 2, 3). The max-
imum and the minimum value were recorded at
100 t/ha™ and control treatment both for FC and
BA application (Table 2, 3). The EC of the soil was
low before FC and BA application. However, the
EC of the soil found being increased after the soil
affected with FC and BA application. The reason
may be due to the availability of free cations and
anionsinthe treatment materials. The soil treat-
ed with FC showed the dominance over the same
soil treated with BA application in EC. The rea-
son might be due to high Ca and Mg content in
the FC. S. Ghulam et al. (2010) also reported that
FC has capacity to increase the EC of the soil. In
general, both FC and BA applications signifi-
cantly increased the EC of the experimental soil
over the control treatment.

The OM content of the soil was highly sig-
nificantly (P<0.0001) increased over control with
increasing rates of FC and BA applications (Ta-
ble 2, 3) and the lowest and the highest values
were recorded at control and 100 t/ha™* for both
treatment variants. However, FC application in-
creased the soil OM content more than BA ap-
plications. Naturally, FC is rich in organic matter
content when compared with BA. This may be
due to removal of OM from BA during ashing
process. Similarly, the N content of the soil was
highly significantly (P<0.0001) affected with FC

and BA application (Table 2, 3). The maximum
and minimum values were recorded at 100 t/ha™!
and control treatment for both materials. The
same to OM, the maximum soil N content, was
recorded by the soil that affected with FC appli-
cation when compared with soil that affected
with BA application. This may be due to high N
content in FC when compared with that of BA.
According to J.R. Landon (1991) the maximum
value of N content for soil that affected with FC
application was in the range of moderate and in
the range of low for soil affected with BA appli-
cation. The reason is that during burning and /or
ashing of bagasse, N escapes in the form of gas.
However, both treatment materials increased
the soil N content progressively. When compar-
ing the two by-products, the FC application in-
creased soil N content over BA application with
respective to their rates. S. Ghulam et al. (2010)
also reported that application of FC increased
the soil N content progressively as the rates of
application increased.

The soil available P and S content were
highly significantly affected (P<0.0001) with FC
and BA application. The increment was gone
progressively and /or according to their rates
for both nutrients. Accordingly, the maximum
and minimum results were recorded at 100 t/
ha™ and at control for both treatment materi-
als (Table 2, 3). According to B. Jones (2003) the
maximum values of P that recorded with soil
that affected with FC and BA application are
categorised in the rate/range of very high and
the minimum value that recorded at control in
the range of low. .M. Khan (2011) reported that
both treatment materials (FC and BA) appli-
cation increased the P content of the soil. The
findings also coincide with that of E. Ferrei-
ra et al. (2012) that application of BA increased
soil P content. The reason for soil available P
increment may be due to incorporation of P
through FC and BA application, and due to soil
pH increment. The improvement of soil pH
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improves the release of P from fixed form to
available form. Application of FC and BA was
also improved the sulphur content of the exper-
imental soil (Table 2, 3). However, according to
D.A. Horneck et al. (2011), the experimental soil
was high in available S content before it was
receiving the treatment materials.

The basic cations of the soil were also sub-
jected to laboratory analysis using neutral am-
monium acetate (PH=70) as extracting solution.

The ANOVA showed that both FC and BA ap-
plication highly significantly affected (P<0.0001)
the basic cations, CEC and BS of the experimen-
tal soil (Table 4, 5).

Table 4. Analytical results of soil exchangeable basic cations as affected by FC application

FC (t/ha?) Na cmol®/kg K cmol®)/kg Ca cmol®/kg | Mgcmol“/kg | CEC cmol®/kg BS (%)
0 0.22¢ 1.40¢ 4.9 3.5 22.8f 43.8°

20 0.46¢ 2.28¢ 14.1¢° 4.8° 30.8¢ 71.0¢

40 0.46¢ 2.28¢ 16.6¢ 5.9¢ 31.8¢ 79.6¢

60 0.67¢ 2.88° 18.4¢ 6.3¢ 32.8¢ 86.0°

80 0.93° 2.93° 21.9° 7.8° 34.8° 96.6°
100 1.112 2.93° 22.9° 8.9° 36.5° 98.0°
Mean 0.64 2.45 16.45 6.03 31.54 79.12
LSD (5%) 0.07 0.14 0.54 0.05 0.74 8.77
CV (%) 7.15 1.14 2.19 0.59 1.56 7.59

Note: values with the same letters within a column are not significantly different at a=5%
Source: developed by the author
Table 5. Analytical results of soil as affected by BA application

BA(t/ha) Na cmol®/kg K cmol*/kg Ca cmol®/kg | Mgcmol“/kg | CEC cmol®/kg BS (%)
0 0.22¢ 1.4 4.9 3.5 22.8e 43.8f

20 1.1¢ 2.2¢ 8.4¢ 5.6° 28.1¢ 61.4¢

40 1.2¢ 2.6¢ 9.6¢ 6.5¢ 28.1¢ 70.9¢

60 1.5¢ 3.5¢ 9.8° 8.8° 29.1¢ 78.9¢

80 2.1° 3.9° 12.2° 9.1° 31.1° 87.8°
100 2.32 4.2° 13.1° 9.5° 32.0° 91.4°
Mean 1.52 3.30 9.51 7.54 28.92 72.50
LSD (5%) 0.05 0.13 1.13 0.15 0.62 2.55
CV (%) 2.20 2.57 0.88 1.33 1.41 2.33

Note: values with the same letters are not significantly different at a=5%

Source: developed by the author

The highest values were recorded at max-
imum rates of FC and BA application and the
minimum at control for all basic cations, CEC
and base saturation (Table 4, 5). The maximum
K results were recorded at maximum rate of
FC and BA application with values of 2.93 and
4.20 cmol(+)/kg, respectively. The application
of both treatment materials progressively in-
creased the K content in experimental soil.
S. Ghulam et al. (2010) also reported that filter
cake application progressively increased the
soil K content. The minimum soil K content was
recorded at control with value 1.40 cmol (+)/kg.
According to FAO (2006) both maximum and

2)

minimum value of K are categorised under very
high rate. The same to K the highest Ca content
was recorded at the highest rate of FC and BA
application with values 22.9 and 13.5 cmol(+)/kg,
respectively. Accordingly, the maximum Ca
value obtained from the soil that received the
maximum application of FC is in the range of
very high values, and the maximum value ob-
tained from the soil that received the maximum
application of BA is in the range of high values.
The maximum Mg content of the soil that af-
fected with FC and BA application was record-
ed at maximum rate of FC and BA application
with values 8.9 and 9.5 cmol(+)/kg, respectively

Plant and Soil Science (15)1
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(Table 4, 5). These values are rated as high and
very high for FC and BA application, respective-
ly. The results revealed that BA application was
more affected the soil Mg content when com-
pared to FC application. In general, application
of FCwas increased soil Ca content over the soil
that received BA application and BA increased
K and Mg content over the soil that received FC
rates application. The reason for high Ca con-
tent in the soil that affected with FC applica-
tion may be due to the existence of substantial
amounts of CaCO,in the FC. CaCO, used to in-
crease soil pH and soil calcium content. How-
ever, both treatment materials had increased
exchangeable basic cations of the experimental
soil. .M. Khan (2011) and E. Ferreira et al. (2012)
also reported that both FC and BA application
rates increased the basic cations content of the
soil. The reason may be conditioned by incor-
poration of cations through FC and BA applica-
tion and increment of soil pH which has contri-
bution for nutrient release and availability. This
indicates that nutrients are released and avail-
able at their optimum pH ranges. S.E. Hale et
al. (2020) also reported that application of ash
at the rates 3 to 5 t/ha™ decreased soil acidity,
increased base saturation and the total amount
of nutrients.

The CEC of the experimental soil was highly
significantly (P<0.0001) affected with FC and BA
application. The CEC of the soil was increased
progressively with increasing rates of FC and
BA application (Table 4, 5). The minimum CEC
was recorded at control and the maximum at
maximum rate (100 t/ha?) of FC and BA ap-
plication, and the values were 22.8, 36.5, and
320 cmol(+)/kg?, respectively (Table 4, 5). In
general, all treatments that received FC and BA
application had recorded the CEC values that
fell in the range of high rate. The CEC value that
recorded at control treatment was found fell

in the range of medium. The reason for incre-
ment of soil CEC by FC over that of BA was due to
high OM and Ca content of FC. M.S. Mokolobate
§ R.J. Haynes (2002) reported that application
of FC has improved the CEC of the soil. BA also
increased the CEC of the soil because of its high
cations contents and pH.

Base saturation (BS (%)) of the experimen-
tal soil was significantly (P<0.0001) affected
with FC and BA application. The lowest value
was recorded at control and the highest at the
maximum rates (100 t/ha?) of FC and BA appli-
cation (Table 4, 5) and the results were 43.8, 98.0,
and 914 cmol(+)/kg. According to P. Hazelton &
B. Murphy (2007) the maximum values record-
ed at 100 t/ha*of FC and BA application are rat-
ed as very high and the minimum as moderate.
The finding corresponds to that of S. Ghulam et
al. (2010) that FC application rates improved the
chemical properties of the experimental acidic
Nitisol. The finding are also in agreement with
that of E. Ferreira et al. (2012) that BA applica-
tions improved soil base saturation as it con-
tained good amount of basic cations. Hence, FC
and BA application can be potentially improve
soil fertility by increasing basic cations, of the
soil. As a whole, the organic inputs had shown
their potential of neutralising acidic Nitisol, im-
proved basic cations and base saturation. This is
a great advantage for farmers who cannot afford
the inorganic compounds used as lime material.

Exchangeable acidity and micronutrients
are other soil chemical parameters that were
subjected to laboratory analysis during this
study. The results are presented in the (Table 6,
7). The ANOVA showed that soil exchangeable
acidity (H*+Al**) highly significantly (P<0.0001)
affected with FC and BA application. The max-
imum value was recorded at control and the
minimum at 100 t/ha?FC and BA application
(Table 6, 7).

Table 6. Analytical results of soil acidity and micronutrients as affected by FC application

FC rates (t/ha?) | Ex. Acidity meq/100g soil Fe mg/kg Mn mg/kg Cu mg/kg Zn mg/kg
0 0.54° 16.1f 66.1f 0.54¢ 7.8
20 0.42° 22.3¢ 89.0¢ 1.9¢ 11.9¢
40 0.30¢ 24.6¢ 102.8¢ 2.1¢° 16.5¢
60 0.19¢ 26.5¢ 116.0¢ 2.2° 18.1¢
80 0.14¢ 29.1° 140.8° 2.52 22.0°
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Table 6, Continued

FC rates (t/ha?) | Ex. Acidity meq/100g soil Fe mg/kg Mn mg/kg Cu mg/kg Zn mg/kg
100 0.06f 31.3° 149.6° 2.5° 24.4°
Mean 0.27 24.9 115.11 2.14 16.80
LSD (5%) 0.01 0.80 2.37 0.06 0.39
CV(%) 2.60 2.29 1.35 1.96 1.52
Note: values with the same letters within a column are not significantly different
Source: developed by the author
Table 7. Analytical results of soil sample as affected by BA application
BA rates (t/ha?) | Ex. Acidity meq/100g soil Fe mg/kg Mn mg/kg Cu mg/kg Zn mg/kg
0 0.54° 16.1¢ 66.1¢ 0.54f 7.8°
20 0.42° 25.2° 75.2° 1.60° 16.2¢
40 0.28° 20.4° 72.0° 1.50° 16.5¢
60 0.20¢ 16.7¢ 60.5¢ 1.40¢ 17.5°
80 0.12¢ 10.4¢ 54.0¢ 1.30¢ 18.1°
100 0.04f 4.4f 43.8f 1.20° 18.5°
Mean 0.27 15.52 62.67 1.41 15.77
LSD (5%) 0.01 0.61 0.80 0.01 0.49
CV (%) 2.72 2.60 0.87 0.55 2.06

Note: values with the same letters within a column are not significantly different

Source: developed by the author

The results were 0.54, 0.06, and 0.04 cmol(+)
/kg* for control, and 100 t/ha?of FC and BA ap-
plication, respectively (Table 6, 7). BM. Dee et
al. (2002) reported that both FC and BA applica-
tion significantly reduced the concentration of
exchangeable acidity of the soil. The reason may
be due to soil pH and basic cations improvement
with FC and BA application. The presence of Ca
in the FC and BA can precipitate Al in the form of
Al(OH), and decrease its availability and/or solu-
bility in the soil solution.

Filter cake (FC) and BA application affected
the soil micronutrients differently and partly dif-
ferently. Application of FC affected soil micronu-
trients highly significantly (P<0.0001) and posi-
tively (Table 6). The results gradually increased
based on the increasing rates of FC applications.
The lowest values of micronutrients were re-
corded at control and the highest - at maximum
rate (100 t/ha?) of FC application. The values for
were 16.1,66.1,0.54, and 7.8 mg/kg* for minimum
results and 311, 149.6, 2.6, and 24.4 mg/kgfor
maximum Fe, Mn, Cu and Zn content, respec-
tively. According to B.Jones (2003), Fe and Zn fell
in the range of high and Mn in the range of high
to very high categories for FC applications. On

the other hand, all results of Cu fell in the range
of low for soil affected with FC applications even
if the results were going increasing based on
the rates of FC applications (Table 6). K. Kaur et
al. (2004), S. Ghulam et al. (2010) also reported
that FC application increased the micronutri-
ents content of the soil.

The BA application affected soil micronu-
trients partly negatively and partly positively. Fe
and Mn were affected negatively and Cu and Zn
positively with FC applications. Both Fe and Mn
were increased at 20 t/ha? BA applications and
then declined. The reason may be that the solu-
bility Feand Mndecrease as soil pH increase. The
lowest and the highest results were recorded at
100 and 20 t/ha'BA application, and the values
were (4.4, 43.8 and, 25.2 75.2 mg/kg?) for Fe and
Mn, respectively (Table 7). The highest Fe value
(25.2 mg kg) for soil affected with BA applica-
tion was found in the range of high and the low-
est (4.4 mg/kg?) in the range of medium. For Mn,
the lowest value (43.8 mg kg?) was in the range
of high, and the highest (75.2 mg/kg?) in the
range of very high. Both the lowest (0.54 mg/kg?)
and the highest (1.20 mg/kg) content of Cu were
found in the range of low Cu categories. The Zn
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content of the soil increased progressively with
increasing rates of BA applications. The lowest
value (7.8 mg/kg?) was recorded at control treat-
ment and the highest (18.5 mg/kg?) - at 100 t/
ha of BA applications (Table 7). The lowest and
the highest values of Zn were found in the range
of high and very high, respectively (Table 7). In
general, BA application reduced Fe and Mn con-
tent of the soil. E. Ferreira et al. (2012) also re-
ported that BA application reduced the soil mi-
cronutrients. The reason may be due to increase
in soil pH as BA rate application increase. As
soil pH increase the availability (solubility) of
micronutrients decrease. However, Cu avail-
ability increase at optimum (neutral) soil pH.

Comparison of soil chemical properties that
affected with FC and BA application. The analyt-
ical results of FC and BA indicated that the nu-
trients continent of FC was somewhat higher
than that of BA. The analysis was also conduct-
ed on soil affected with FC and BA application

to observe the nutrients contribution of FC
and BA for the soil. As observed from (Fig. 2)
above, BA applications more affected soil pH
compared with the soil affected with FC ap-
plications. On the other hand, FC applications
more affected soil OM (%), and N (%) compared
with BA rates application. The responses were
directly related with properties of treatment
materials with BA was high in pH when com-
pared with FC, and FC was high in OM and N
content. The reason for high OM and N content
in FC may be due to its existence in natural
status (without losing OM and N). However, BA
was an organic material that subjected to fire
(ashing) for the purpose of steam generation.
In general, ashing could affects OM, N, and S
content of organic substances. FC applica-
tions also dominated over BA applications in
improving soil phosphorus (P) content (Fig. 3).
The reason was that FC was rich in P content
compared with BA.

8 FC-pH
26 - B BA-pH
& FC-OM (%)
24
= W BA-OM(%)
§ 2 I FC-N (%)
Z M BA-N (%)
0
0 20 40 60 80 100
FC and BA (kg ha®)

Figure 2. Graph of soil chemical parameters as affected with FC and BA application

Note: FC-pH - FC-affected soil pH
Source: developed by the author

% 250 |

£ 200 |

E 150 | FC-Ava P (mg/kg)
g 100 | B BA-Ava.P (mg/kg)
a i

N S L

0 20 40 60 80 100
FC and BA rates (kg ha™)

Figure 3. Graph of soil P as affected with FC and BA application

Source: developed by the author
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The Figure 4 showed that FC application
rates progressively increased the Ca content of
the soil by dominating over soil Ca content that
affected by BA rate applications. The soil re-
sponse was correct that FC was high in Ca con-

w
o
]

N
o
]

-
o
]

tent compared to BA. However, BA improved soil
Mg content more than FC even if FC was high in
Mg content (Fig. 4). The lower contribution of Mg
in FC compared to BA may be conditioned by nu-
trient imbalance, as FC had an excess of Ca.

FC-Ca (cmol(+)/kg
M BA-Ca Cmol (+)/kg
FC-Mg Cmol (+)/kg

M BA-Mg Cmol(+)/kg

Al

o
!

Soil basic cations (Cmol (+)/kg)

0 20 40 60

80 100

FC and BA rates (kg hal)

Figure 4. Soil basic cations as affected with FC and BA rates application

Source: developed by the author

The FC application dominated over BA ap-
plication in improving soil cations exchange-
able capacity (CEC) (Fig. 5). The reason was
that FC was rich in CEC source substances
(OM and CaCO,). However, both treatment

40

CEC (Cmol(+)/kg)

materials (FC and BA) increased the soil CEC
progressively. In general, FC and BA applica-
tions were found to affect the soil nutrients
content according to the quantity of the nutri-
ents they contained.

FC-CEC (Cmol(+)/kg
mBA-CEC(Cmol(+)/kg)

0 20 40 60

FC and BA (kg ha)

80 100

Figure 5. Soil CEC as affected by FC and BA application rates

Source: developed by the author

Correlation analysis. The correlation anal-
ysis was conducted among the nutrients and
rates of FC and BA, and among different nutri-
ents values obtained from soil affected with FC
and BA application. The correlation analysis
showed that all nutrients positively and high-
ly significantly (P<0.0001) correlated with FC
application rates. The OM, Ava.P, Ca, and MG

%)

positively correlated with pH with correlation
coefficient (r)=0.86, 0.76, 0.80, and 0.88, respec-
tively (Table 8). OM correlated with Ava.P, Ca, and
Mg with r=0.69, 0.76, and 0.77, respectively. In the
same way, Ava.P of the soil positively and highly
significantly correlated with Ca and Mg with cor-
relation coefficient r=0.98 and 0.96 for FC appli-
cation. Mg correlated with Ca with r=0.96.
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Table 8. Correlation of soil nutrients as affected with FC application

Var. Rates pH OM(%) Ava.P Ca Mg
Rates 1
pH 0.81"" 1
OM(%) 0.74"" 0.86™" 1
Ava.P 0.98"" 0.76™" 0.69"""" 1
Ca 0.98™"" 0.80""" 0.76""" 0.98""" 1
Mg 0.98"" 0.88"" 0.77"" 0.96""" 0.96""" 1
Source: developed by the author
Table 9. Correlation of soil nutrients as affected with BA application
Var. Rates pH %0M Ava.P Ca Mg
Rates 1
pH 0.95"" 1
OM (%) 0.99" 0.96™" 1
Ava.P 0.99"" 0.95™" 0.99""" 1
Ca 0.94 0.96™"" 0.93"" 0.90""" 1
Mg 0.98"" 0.95™" 0.90""" 0.98""" 0.97"" 1

Source: developed by the author

The same as FC, the nutrients positive-
ly and significantly correlated (P<0.0001) with
the rates of BA application. OM, Ava.P, Ca, and
Mg highly significantly correlated with pH of
the soil obtained from the soil affected with
BA application and the correlation coefficients
(r) were =0.96, 0.95, 0.96, and 0.95, respectively
(Table 9). This indicates that BA application in-
creased soil pH and the availability of P, Ca, and
Mg. Available P (Ava.P), Ca, and Mg were corre-
lated with OM with r=0.99, 0.93, and 0.90, re-
spectively. The Ava.P content of the soil affected
with BA positively correlated with Ca and Mg
with correlation coefficient (r) =0.98 and 0.96,
respectively. Magnesium (Mg) positively corre-
lated with calcium (Ca) with r=0.97.

CONCLUSIONS

Soil acidity is becoming a critical problem in
Ethiopian high rainfall areas. To solve this prob-
lem, researchers and farmers practice liming
even on a large scale. However, the cost of lime
is rising, and farmers are unable to afford the
cost. Hence, organic amendments were con-
sidered as an option to manage soil acidity.
The application of organic fertilisers increas-
es soil pH, available P, available Ca, organic

matter, CEC, and total N. Organic amend-
ments improve soil phosphorus availability
by forming Al-complex (Al(OH) ,) with organic
anions. The complex of Al with organic anions
improves soil P availability by making P freely
available in the soil. Hence, to amend chemi-
cal properties of acidic Nitisol, FC and BA were
considered as organic amendment materials.
FC and BA had pH of 8.2 and 10.2, respectively
and they affected the pH of the soil according-
ly. Both sugar industry by-products are also
rich in basic cations, CEC, and base saturation.
FC was richer in Ca, OM, P, and N content com-
pared to BA. The results showed that the pH of
acidic Nitisol was improved with FC and BA ap-
plication. Both, FC and BA application improved
the soil fertility parameters (OM, N, Ava.P, CEC),
basic cations (K, Ca, Mg), base saturation, mi-
cronutrients, and decreased soil exchangeable
acidity (Al*+H*). FC has increased soil OM, N,
and Ca content of the soil when compared to
BA application. The reason is that FC is more
organic in nature when compared to BA. The
reason is that, bagasse ash is a by-product ob-
tained after bagasse subjected to the boilers of
sugar factory for steam for steam/energy gen-
eration. Therefore, its OM, N, and S content are
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negatively affected during combustion. As a re-
sult, BA relatively less affected soil OM, N, and
S compared to FC application. Nevertheless, BA
has well affected acidic Nitisol when compared
to the control. BA application also increased
soil pH and Mg content over FC application. The
reason is that BA was comparatively high in pH
compared to FC. In general, the results showed
that FC and BA application are promising in
amending soil acidity. However, a far-reaching
field experiment is required to make a better
recommendation.
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Aceda loHpa

bakanasp npuKkaagHOI XimiT, MaricTp rpyHTO3HaBCTBa
LleHTp cinbcbKorocnoaapcbkmx agocniaxeHs Jebpe-3enTt
EdbioncbKuit iIHCTUTYT CiNbCbKOroCNoAapCbKMX A0CAIAKEHD
P.O. Box 2003, m. Ananc-Abeba, Edionis
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BnauB 3acTocyBaHHA PiNbTpauiiHOro Keky
Ta 30/1M YKOMY Ha OKpeMi XiMiuHi BNacTUBOCTI
KMCIOro HiTisony

AHoOTaUifa. 3poCTaHHs BapTOCTI BallHA, SIKE TPAIULIMHO BUKOPUCTOBYETHCS IS 60poTBOU 3
KUCJIOTHICTIO I'PYHTY Ta Il HeTaTUBHUM BIUIMBOM Ha POJIOUiCTh IPYHTY, CIIOHYKAJIO IO BUBUEHHS
OpraHiYHUX ITO6IYHUX IIPOAYKTIB AK 6iMIbII JOCTYIIHOI aJIbTEPHATHUBY 111 3MEHIIeHHS KUCITOTHOCTI
IPYHTY, 0CO67IMBO AJ1 depMepiB 3 HU3BKUMU HOX0JaMU. ToMy METOI0 LIbOTO JOCIiIKeHHA 6yI10
BUBYMTY BIUIUB 3aCTOCYBaHHs dinerpauiriHoro keky (®K) ta 3omu sxkomy (33K) Ha KUCIOTHICTD
IPYHTY B TEIUIMYHUX yMOBaX. ERCIIEpUMEHT OyB 3aKJIafleHu y IOBHICTIO paHAOMi30BaHOMY
Iocuiai 3 4oTupMa moBTopeHHaMu. OKpeMo fociimrysanu ®K ta 33K 3 urictbMa pisasamu (0, 20, 40,
60, 80 Ta 100) T/ra’’. Kucnuit rpyHT 6yB Bimi6panwuit 3 IMaubipcbkoro paioHy 3 mubuau 0-20 cM,
BUCYIIIEHWH Ha TOBITPi, TOApi6HEeHUH i ITPOITYIIEeHUH Yepe3 CUTO 3 PO3MipOM OTBOPIB 4 MM. Y KOSKEH
TOpIIMK 6yJI0 BHECEHO IT0 4 KT IPYHTY 3 BiAMOBIZHUM 06pO6III0OBAIBHUM MaTepiajioM ITicjIg TOTo,
K BOHU 6yJIu 06pe roMoreHi30BaHi. JlabopaTopHUI aHaJi3 II0Ka3as, o MOYaTKOBUM pH IPyHTY
CTaHOBUB 5,1, ToZi IK GiNBTpaLiliHUM 0caf, Ta 30J1a 3KOMY MaJjiu 3HaueHHs pH 8,0 Ta 10,2, BiAmmoBigHO.
3actocyBanHa ©K migsumuno pH rpyHTy 3 51 70 73, a TaKOXX IOKpPAIIWIO BMICT OpraHigyHOI
pedoBHHY, a30Ty, docdopy, CipKy, Kasiio, KaJbllifo, MarHilo Ta €MHICTh KaTiOHHOTO O6MiHY.
AnasoriuHo, 3actocyBanssa 3XK migBummio pH 3 5,1 10 74 i 36i1bI11110 BMIiCT OpraHigyHoi pe40BUHY,
asoty, docdopy, cipku, Kajito, Kabllilo, MarHilo Ta EMHICTh KaTiOHHOTO 06MiHy. MaKCUMaIbHUN
edekrT aK mug ®K, Tak i myia 3XK crocrepiragcs npy HaWBUIIK HOpMi BHeceHHd (100 1/ra’), Tomi
AK BMICT 3ai3a i MapraHiiio 36inbiuyBaBcs npu BHeceHHi 3K, ajie 3MeHUIyBaBCcs 3i 36iIbLUIEHHAM
HOpPMH, a BMICT MiJii i IMHKY MTO3UTHMBHO BIUINBAaB fK IIpU 3acTocyBaHHI @K, Tak i 3K. 3aranom,
3acTtocyBaHHA gK @K, Tak i 33K 3HAYHO IMOKpallIo pH IPyHTY Ta BMICT IOKUBHUX DEYOBHH.
Pe3yybTaTél IIBOTO JOCTIIPKEHHSI MOXXYTh 3a6€3[1eYUTU IPAaKTUYHI Ta eKOHOMIUHO epeKTHUBHI
pillleHHs AJi MOKpaLleHHS POAIOYOCTi I'PYHTY Ta BUPOOHUIITBA CiTBCBKOTOCIIOAAPCHKUX KYJIETYD
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