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Abstract: Incorporation of sugarcane industry by-products into soil can reduce the susceptibility of soils to compaction.
However, the significance of incorporated filter cake and filter cake compost at different soil water contents at the time of
compaction using proctor test load is not well documented. In this context, study was conducted at three Ethiopian sugar
Estates in 2017 to examine the effect of filter cake and filter cake compost incorporation to three soils different in clay content
on soil maximum dry density, total porosity at MDD, critical moisture content under laboratory conditions. Sugarcane residues
were added to soils at rates of 0, 7.75 g of residues per kg of soils. The results of the study showed that the maximum dry bulk
density with no sugarcane residue added was achieved at 15.94% for light, 25% for medium and 28.6% for heavy clay. Filter
cake incorporated at the rate of 30 t ha reduced the soil compactibility induced by proctor test load at water content of 0.7 PL
for light clay soils, 0.97 PL for medium clay and at water content of 0.98 PL for the heavy clay soils. In all three soil types at 0
t ha”' and 30 t ha" residue application levels, the total porosity attained a minimum value at critical moisture content and
critical moisture content for the maximum dry density increased as the clay content increased. Filter cake and filter cake
compost reduced the maximum dry density of heavy clay soil by 4 and 27.6%, respectively, as compared to the control.
Nevertheless, this residues increased total porosity at critical moisture content, respectively, by 2.44 and 46.9% over the
control for heavy clay soils. Therefore, it can be concluded that sugarcane residue was most effective in reducing soil
compactibility at moisture content less than PL compared to water content higher than PL. Moreover, filter cake compost was
more effective in reducing soil compactibility than filter cake. Finally, the study recommended that the heavy machineries
operation during sugarcane seedbed preparation and harvesting; shall be made when soil moisture is below 0.60, 0.9 and 0.91
PL, respectively, for light, medium and heavy clay soils and after treating the soil with either filter cake or filter cake compost
tentatively. Nevertheless, in order to give conclusive recommendation further research studies are needed for more soil clay
levels for the case of filter cake compost and more rates for both sugarcane residues.
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tillage operation [2]. Soil organic carbon (SOC) influences
the ability of soil to resist compactive loads. Soils with
organic matter levels above 3.4% (threshold value) are less
vulnerable to soil compaction [3]. The decline in the level
of organic matter even below the threshold value may
aggravate soil compaction. Hugar and Soraganvi [4]
reported that soil compactibility caused by heavy machinery
can be reduced by incorporating organic residues.

The use of heavy machinery in fine textured soils with low
organic matter has led to the concern that subsoil compaction

1. Introduction

Compaction is a worldwide problem in modern
agriculture associated with overuse of heavy machinery and
intensification of cropping systems [1]. Likewise, in
Ethiopia sugarcane is mechanized crop in which soil
compaction may occur during heavy machine operations for
cultivation. Several researchers suggested that the most
serious factor associated with soil compaction under
sugarcane is loss of soil organic matter due to intensive
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may occur and result in declining long term productivity [5].
The fine textured soils are dominant in the three main white
sugar producing factories in Ethiopia. According to report by
Ambachew and Abiy [6], 95% of Wonji-Shoa, 98% of
Metahara and 97% of Finchaa Estate total sampled sites have
more than 30% clay content. Most of the high clay soils at
Wonji-Shoa and Metahara Estates have expansive clay to a
depth of 60 cm [7]. Of the most common clay minerals it is
montmorillonite that is dominantly present in most of the
estate soils [8]. Potentially expansive soils can typically be
recognized in the laboratory by plastic properties [9]. These
properties can be measured in the laboratory directly by
testing Atterberg’s limits and proctor tests [10]. The modified
proctor test is used in order to increase the compaction effort
applied during the test and to better simulate heavy tractors
during field operations.

The results of different studies e.g. Mari and changying
[11] andMari and changying [12] indicated that the degree to
which soils will compact when a force is applied by heavy
machine is primarily dependent on the amount of water
present. Furthermore, for given water content, the
compactibility of soils depends on clay and organic matter
contents [13, 14]. These relationships affect the moisture
content at which maximum bulk density will be achieved for
soils into which sugarcane residues are incorporated and can
be used for determining soil compaction reducing effects of
the by-products [15, 16].

Studies have indicated that crop residues such as wheat
straw and corn residues decrease soil compactibility [17].
However, the influence of sugarcane residues such as filter
cake and filter cake compost on soil compactibility is not
well documented. Particularly, information is scarce on
interactions between filter cake, soil water content and dry
bulk density at the time of compaction and the compressing

energy of proctor test load in Ethiopian sugarcane plantations.

This information can be used to plan waste management by
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applying the byproducts of the sugar factories for reducing
soil compactibility of the estates and could help to schedule
farm trafficking and cultivation operations at the proper
moisture content. Consequently, there is a need to test the
different practices available to reduce soil compactibility
during field operations in Ethiopian Sugarcane Estates.

Therefore, it is necessary to determine the conditions in
which filter cake and filter cake compost will have the
optimum effect on soil compactibility, and the extent to
which it can reduce soil compactibility. Based on all these
aspects, this study was initiated with the objective of
evaluating the changes in soil dry bulk density following
filter cake and filter cake compost addition using modified
proctor compaction load.

2. Materials and Methods
2.1. Descriptions of the Study Areas

The study was conducted in 2017 at three commercial
sugarcane production fields of Wonji-Shoa, Metahara and
Finchaa Sugar Estates. The study areas, Wonji-Shoa, Metahara
and Finchaa Sugar Estates, were located at a distance of 107,
200 and 374 km, respectively, from Addis Ababa within the
Oromia National Regional State (ONRS). Wonji-Shoa (8°
21°3.84” to 8°27°25.86” N and 39°12° 13.28 “ to 39°18’ 34.46
“E), and Metahara (8° 45’ 4.16” to 8°53° 20.75”N and 39°49’
10.74” to 40°0.21° 1.48”E) were located in the central part of
the East African Rift Valley system in the Awash River Basin,
while Finchaa (9°21° 18.12” to 9°25° 23.01”N and 39°11° 8.85”
to 39°15° 3.2”E) was situated in the valley of southwestern
highlands of Ethiopia in the Abay River Basin. The total area
of land covered with cane during the study time were about
7050, 10,248 and 9,000 ha, respectively, for Wonji-Shoa,
Metahara and Finchaa Sugar Estates [18].
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Figure 1. Location map of Finchaa, Metahara and Wonji-Shoa Sugar Estates in Ethiopia.
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The climate at Wonji-Shoa and Metahara was semiarid,
while Finchaa has sub humid climatic condition. Ten years
(2003-2013) climatic data (Figures 2 a and b) of the Wonji-
Shoa and Metahara Estates indicated that the areas have a
bimodal rainfall pattern in which small rain is received from
February to April, while the main rainy season that
contributes a significant proportion of the total annual rainfall
is received during June to September. Nevertheless, ten years
(2003-2013) climatic data from Finchaa Meteorological
Station also showed unimodal rainfall pattern, in which
majority of the annual rain falls between May to September
(Figure 2 c). The mean of ten years annual rainfall of the
study areas are 831.47, 539.39, and 1399.72 mm for Wonji-
Shoa, Metahara and Finchaa, respectively [19]. Moreover,

s Rainfall (mm) A--Evap.(mm) —&—Tmin ~ ® = Tmax

259 129

209 Y el o
- .\
[ 4

159

109

9 A""‘/‘\I”I”I" oA A | g

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Rainfall and Evapotranspiration (mm)

a) Months b)

mmmm Rainfall (nm) = =4==Evap.(mm)

.
(

; I I
e TLLLLY
PR

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

average maximum and minimum temperature of the three
estates were about 15.19 and 27.57°C for Wonji-Shoa, 17.73
and 33.24°C for Metahara and 14.40 and 30.54°C for
Finchaa [20].

The major geologic materials of Wonji-Shoa, Metahara
and Finchaa Estates were developed under tropical hot
condition from alluvium-colluvium parent materials which
include basic volcanic rocks such as basalt and limestone,
acidic volcanic rocks such as granite and sandstone as well as
recent and ancient alluvial soils developed from materials
laid down by river systems [21]. The majority areas of the
estates were occupied by Vertisols and Fluvisols [22] at
Wonji-Shoa, Vertisols and Luvisols at Finchaa [23] and
Calcaric Cambisols at Metahara Estate [24].
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Figure 2. Ten years mean monthly rainfall, evapotranspiration (Evap), and monthly minimum (Min) and maximum (Max) temperatures of Wonji-Shoa (a),

Metahara (b) and Finchaa Estates (c).

The soils of the estates are classified in to 13 soil
management units where five, six and two soil management
units belong, respectively, to Wonji-Shoa, Metahara and
Finchaa. Wonji-Shoa and Metahara Estates classify their soils
based on water retention at pF2 (10 kPa) matrix potential and
soil texture into light and heavy-textured soils. The light
textured soils, designated by B, 4 and C,; at Wonji-Shoa, and
Classes 1-3at Metaharahave low water holding capacity and,
thus, require more frequent irrigation. On the other hand, the
heavy-textured soils (A;, A,, and BA, of Wonji-Shoa and
Classes 4-6 of Metahara) are characterized by generally high
water holding capacity and, thus, require less frequent
irrigation. More than 95 percent of the cultivated and
irrigated land soils in Finchaa are grouped in to Luvisols and
Vertisols and are in use for different agricultural field
operations [25, 26]. However, in Finchaa, the same irrigation
application rate and interval was in use for both soil types.

The mean altitude of the three estates was 1540, 950, and
1500 meters above sea level (m.a.s.l) for Wonji-Shoa,
Metahara, and Finchaa, respectively. In Wonji-Shoa and
Metahara Estates, the slope of the fields was generally very
gentle and regular which makes them suitable for gravity
irrigation [27]. On the other hand, the Finchaa Estate farm
was dominated by a gently undulating surface with a general
slope of 1 to 8 percent northwards. This made the preferred
irrigation system at Finchaa to be sprinkler irrigation [28].
The sources of water for irrigation were Awash River for
Wonji-Shoa and Metahara, and Finchaa River for the Finchaa
Estate. The major crop of the estates is sugarcane, while
haricot bean and crotalaria are minor crops (for Wonji-Shoa),

oranges, mangoes, lemons and grape fruits (for Metahara)
and sesame and horticultural crops (for Finchaa) Estates. The
average length of growing period of sugarcane (plant cane) in
the study area is about 22 months.

2.2. Sites Selection, Sampling and Sample Preparation

Soil sampling was done from plantation fields that have
been under sugarcane cultivation for 20, 49 and 62 years,
respectively, at Finchaa, Metahara, and Wonji-Shoa Estates.
The soil sampling sites for this experiment were selected
based on their clay contents. Nine soil Sampling sites, three
from each estate, were selected. While, soils from three
estates were categorized as heavy clays or clay contents >
55%, medium clay or between 45-55% clay contents, and
light clay or between 35-40% clay contents (Table 1) as
suggested by Hazelton and Murphy [29]. Accordingly, from
the selected sites, a total of nine undisturbed core samples (5
cm height and 5 cm diameter) and composite soil samples
were collected from the top 0.3 m of each estate.

Sugarcane residues were added to soils at rates of 0, 7.75 g
of residues per kg of soils. The amount of residue
corresponds to 0 and 30 t ha™ (depth of 0.3 m) across soils
with three clay levels. While for filter cake compost, the test
of parameters was done only for heavy clay soil type across
two levels (0 and 30 t ha) of filter cake compost. For
proctor test, plastic limit and liquid limit analyses, soils from
1 m’ pit to a depth of 30 cm was mixed with 3 kg filter cake
and filter cake compost separately and 50 kg samples were
collected for filter cake and filter cake compost from each
sampling site. Finally, one and half quintal pure soils and
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filter cake mixed soils for each clay level and another one
and half quintals filter cake compost mixed soils (only for
heavy clay) were packed and transported to soil test
laboratory in Addis Ababa.

Air dried filter cake compost were prepared by windrow
aerobic composting as outlined by Mahamuni and Patil [30].
Both filter cake and filter cake compost were mixed with soil
at moisture content of 52 and 45%, respectively. These soil
samples were air dried, homogenized and passed through 2
mm sieve, 0.43 mm sieve (for plastic limit and liquid limit),
4.75 mm sieve (for proctor test) and 0.50 mm sieve for
analysis of soil organic carbon and total nitrogen. Analysis of
the selected soil physical and chemical properties was done
in Wonji central laboratory, Metahara and Finchaa station
laboratories and Debrezeit research center. The analysis for
plastic limit and liquid limit, and proctor test were carried out
in the Transport and Construction Share Company Soil Test
Laboratory in Addis Ababa.

2.3. Laboratory Analysis

Soil physical analysis: Particle size distribution was
determined by the Bouyoucos hydrometer method as
described by Okaleboet al. [31]. The textural class was
determined using the USDA soil textural triangle [32]. Bulk
density was determined from the undisturbed samples using
the core method as described by Jamison et al. [33], whereas
particle density (p,) was determined using the pycnometer
method following the procedure described in Raoet al.[34].
Total porosity was calculated from the values of bulk density
and particle density using the methods described by Rowell
[35]. Liquid limits (LL), plastic limits (PL) and proctor test
were determined following the procedures outlined by
American Society of Testing Materials [36]. Water content at
all points of compaction including water content that results

in the greatest density (CMC) was determined
gravimetrically as described by Reynolds [37]. Moreover,
plastic index was taken as the numerical difference between
the liquid limit and the plastic limit [38].

In the laboratory, a modified proctor test was applied at
different water contents to obtain the maximum dry density
of the mixtures and soils without residues [39]. The dry bulk
density was calculated from the soil mass in the proctor
cylinder and the water content that was measured after
compaction. The samples were compacted by dropping a 4.5
kg rammer 125 times from a height of 45 cm. The
compaction load was chosen to simulate the heaviest tractor
used during sugarcane cultivation at some of the Ethiopian
Sugar Estates (e.g. Metahara Estate). The soil and residue
mixtures were mixed thoroughly two months before
laboratory analysis. The rates of amendments were selected
based on the rates recommended by Girma [40] used
presently in the three Ethiopian Sugarcane Estates (30 tha’
for filter cake).

2.4. Soil Chemical Analysis

The pH of the soils was measured in water (1: 2.5 soil:
water ratio) by glass electrode pH meter [41]. Soil organic
carbon was determined by the wet digestion method
following the procedure of Walkley and Black [42]. The total
nitrogen was determined by the Kjeldal method as described
by Jackson [43], while the available phosphorus was
extracted according to Olsen’s method [44] for all estate soils
except Bray II [45] for Finchaa (pH < 6) extraction methods.
The P extracted with the different methods was measured by
spectrophotometer following the procedures described by
Murphy and Riley [46]. Physicochemical characteristics of
the soils are summarized in Table 1 below.

Table 1. Mean values of selected soil physicochemical properties of soils with three levels of clay content.

Soil clay content levels

Soil parameters

Light clay Medium clay Heavy clay
Sand (%) 43.00 22.00 12.00
Clay (%) 39.00 54.00 70.50
Silt (%) 18.00 24.00 17.50
Textural class Clay loam clay clay
Bulk density (g cm™) 1.41 1.28 1.19
Particle density (g cm™) 2.50 243 2.22
Liquid limit (%) 56.00 56.50 76.50
Plastic limit (%) 27.00 27.66 31.50
Plastic index (%) 29.00 28.84 45.00
Soil organic carbon (%) 1.04 1.30 1.68
Soil pH 5.82 8.17 7.83
Soil total nitrogen (%) 0.085 0.09 0.10
Available P (mg kg™) 5.40 6.79 9.20

2.5. Compost Analysis

The compost sample was analyzed for pH, total N,
available P, available K, and soil OC following the standard
procedures. Soil pH was measured from suspension of 1:2.5
of soil to water ratio using a glass electrode attached to
digital pH meter [47]. Total Nitrogen content of compost was

analyzed using modified Kjeldahl digestion, distillation and
titration method as described by Nelson and Sommers [48].
Furthermore, available phosphorus (P) and exchangeable
potassium (K) were determined by dry ashing method [49].
Organic carbon was determined using Carmo and Silva [50]
method. The analysis results for compost composition are
described in Table 2 below.
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Table 2. Characterization of selected chemical parameters of sugarcane
industry residues filter cake and filter cake composts.

Parameters Filter cake Filter cake compost
pH 6.56 8.20

OC (%) 24.71 19.90

Total N (%) 1.13 221

C:N ratio 21.86 9.00

P (%) 1.42 2.50

K (%) 0.65 4.62

Data Analysis and Interpretations: A complete factorial
randomized design with three replications was used to
analysis the variation of proctor parameters. Soil proctor test
parameter data were subjected to analysis of variance using
the GLM procedure of SAS software [51]. For those
parameters that were significant, mean separation was done
using the Fisher’s least significant difference (LSD) and
correlation analyses were conducted in order to detect the
association between the proctor parameters.

3. Results and Discussion
3.1. Effects of Different Soil Clay Content Levels

Filter Cake and Filter Cake Compost on Selected Soil
Physicochemical Characteristics of the Soils in the Study
Area: The results of analysis of variance (ANOVA) revealed
that maximum dry density, critical moisture content and total
porosity were significantly (P< 0.05) affected by both soil
clay content levels and filter cake. Similarly, maximum dry
density, total porosity and critical moisture content were
affected also by filter cake compost. None of the soil
properties were affected by the interaction effects (Tables 3
and 4).

3.2. Effects of Different Soil Clay Content Levelson Proctor
Parameters

For this investigation, soil moisture content versus dry
density relationship was determined by means of the
modified proctor compaction test (Figure 3). Independent of
soil type, dry density increased gradually up to the critical
moisture content (the amount of water required to produce a
maximum dry density) (CMC) to maximum dry density
(MDD) and then decreased with increasing water content.

Results of this study showed that critical water content,
maximum dry density and total porosity were significantly (P
< 0.05) affected by soil clay content levels (Table 3). It was
found to vary from 15.94 to 28.60%, 1.40 to 1.72 g cm™ and
32.83 to 41.33%, respectively, for critical water content,

maximum dry density and total porosity among the soil types.

The difference in CMC, MDD and total porosity among the
soil types may be attributed to the variation in organic matter
and clay contents among the soil types (Tables 1 and 3). This
finding is in agreement with Nhantumbo and Cambule [52]
who stated that proctor parameters variations were largely
associated with changes in clay content and organic matter
content.

The maximum dry densities (1.72, 1.68 and 1.40 g cm™)

were achieved at 15.94, 25 and 28.60% soil water contents,
respectively, for light, medium and heavy clay soils and can
be expressed as 0.60, 0.9 and 0.91 plastic limits (Tables 1, 3
and Figure 3). This shows that maximum dry bulk density
with no residue added was occurred at moisture content
below the PL and critical moisture content for the maximum
dry density increased as the clay content increases (Tables 1
and 3). In line with this, Wesley et al. [53] also reported
increase of CMC along with increase of clay content.

3.3. Effects of Filter Cake Incorporation on Proctor
Parameters

Incorporation of filter cake at the rate of 30 t ha’
significantly (P < 0.05) affected maximum dry density, critical
moisture content and total porosity (Table 3). The mean value
of maximum dry density (MDD) for soils without filter cake
was significantly (P < 0.05) different from the mean value of
MDD of soils into which filter cake was incorporated (Table 3).
Maximum dry density was changed from 1.93 to 1.58 g cm™
(light clay), 1.78 to 1.51 g cm™ (medium clay) and 1.42 to 1.38
g cm” (heavy clay) after filter cake incorporation. Accordingly,
incorporation of filter cake reduced the maximum mean dry
bulk density by 18.13% for light clay, 15.17% for medium
clay and 4% for heavy clay soil below the control (Table 3).
The lower maximum dry density recorded after incorporation
of filter cake could be attributed to the lower density of filter
cake that can reduce the overall bulk density of the soil and the
likely high elasticity of this organic residue.

Table 3. Effects of filter cake (the upper table) and soil types (lower table)
on proctor test parameters of the soils.

FC (t/ha) MDD (gecm®)  CMC (%) £ (%)
0 1.71° 21.58° 32.67°
30 1.49° 26.55" 39.44°
LSD 0.08 1.69 0.04
Soil types MDD (gecm®)  CMC (%) f(%)
Light clay 1.72° 15.94° 32.83°
Medium clay 1.68" 25° 34.00*
Heavy clay 1.40° 28.60° 41.33°
LSD 0.09 2.07 0.05

Means in a column with the same letters are not significantly different from
each other at P < 0.05, ns=non-significant

Nevertheless, the critical moisture content at which the
maximum dry density was obtained changed significantly (P
< 0.05) as a result of filter cake incorporation (Table 3). The
critical moisture content at which MDD was attained ranged
from 13.63 to 18.25%, 25 to 27.03%, and 26.11 to 31.1%,
respectively for light clay, medium clay and heavy clay and
increased by 33.89, 22.8, and 19.2% due to incorporation of
filter cake, respectively, in light, medium and heavy clay
soils (Tables 3 and 4). This indicates the favorable effect the
filter cake had on water retention capacities of the soils.

The results from three cohesive soils clearly indicated that
filter cake was most effective in reducing soil compactibility
at moisture contents less than PL (at 0.7, 0.97 and 0.98 PL,
respectively, for light clay, medium clay and heavy clay).



91 Tesfaye Wakgari: Effectiveness of Sugar Industry Organic Wastes in Reducing Soil
Compatibility in Soils of Three Ethiopian Sugar Estates

Likewise, the effect of water content is more pronounced
than filter cake on dry bulk density at water content higher
than PL. This might be because at high water content nearly
all the pores were saturated with water and the elasticity
behaviour of filter cake was low. This finding is in line with
the research reported by Jianger al. [54] who showed the
effectiveness of organic manure at low water content due to
its high elasticity behaviour.

Furthermore, at water content lower than PL filter cake
residue was more effective in reducing soil compactibility
compared to water content higher than PL. The possible

mechanisms that may explain the reduction of soil
compactibility due to filter cake are related to its high elasticity,
dilution effect and high water retention of this residue. These
processes can increase the resilence of soils against external
forces. The effectiveness of sugarcane residues in reducing soil
maximum dry density at different water contents was also
reported by Tesfayeet al. [55]. These authors attributed this
effectiveness to the generally low density of the filter cake and
their positive effect on encouraging soil aggregation, which in
turn increases total porosity.

Table 4. Distribution of maximum dry density, critical moisture content and soil total porosity across soil types and two levels of filter cake (interaction effect).

. . n Soil types
Soil parameters Filter cake (t ha™) - -
Light clay Medium clay Heavy clay
0 1.93 1.78* 1.42°
MDD (g cm™) 30 1.58* 1.51° 1.38°
LSD ns ns ns
0 29.00° 29.00° 41.00"
Total porosity (%) 30 38.00° 39.00° 42.00°
LSD ns ns ns
0 13.63* 22.00° 26.11°
CMC (%) 30 18.25° 27.03* 31.10°
LSD ns ns ns
MDD=maximum dry density, CMC=critical moisture content, LSD=least significant difference, ns=not significant, and means with the same letters are not
significantly different
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Figure 3. The relationship among moisture content, dry bulk density and total porosity at two levels of sugarcane residues of (a) control and filter cake in light
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Total porosity at MDD was significantly (P<0.05) affected
by filter cake incorporation into soils. The mean value of
total porosity at MDD after filter cake incorporation was 38,
39 and 42%, respectively, for light, medium and heavy clay
soils (Table 4). The significant variation of total porosity at
MDD after filter cake incorporation among different soils
may be due to different values of MDD and particle density
of soil types. This may be confirmed by the strong negative
correlation (r=-0.73""") between total porosity and MDD
(Table 6). Figure 3 illustrates the relationship among
moisture content, dry bulk density and total porosity at two
levels of sugarcane residues using the modified proctor test.

3.4. Effects of Filter Cake Compost Incorporation on
Proctor Parameters

Unlike the results obtained from incorporation of filter
cake, only maximum dry density and total porosity were
highly influenced by incorporation of filter cake compost,
while critical moisture content at which the MDD was
obtained vary slightly due to filter cake compost
incorporation (Table 5). In accordance with this, the MDD of
the soils that received 30 t ha™ filter cake compost was lower
than the MDD of the untreated soils. Consequently, the filter
cake compost reduced the maximum dry density of soils by
about 27.6%as compared to the control (Table 5). The
difference in maximum dry density between soils without
and with incorporation of compost might be due to high
elasticity and low bulk density of filter cake compost. Similar
finding was reported by Chamen ef al. [56] in that organic
matters with high elasticity are effective in reducing soil
compactibilty.

On the other hand, the mean total porosity of the soils into
which 30 t ha™ filter cake compost incorporated was higher
than that of the untreated soil. Incorporation of filter cake
compost improved the total porosity by 46.9%. The higher
total porosity in residue incorporated soils may be attributed
to the reduction in maximum dry density due to filter cake
compost incorporation. This could be evidenced by
significant and negative correlation (r=-0.87") of total
porosity with maximum dry density (Table 6). Furthermore,
reduction in maximum dry density due to compost addition is
an indication of increased porosity.

Filter cake and filter cake compost reduced the maximum
dry density of heavy clay soil by 4 and 27.6%, respectively,
as compared to control. Nevertheless, this residues increased
total porosity at critical moisture content, respectively, by
2.44 and 46.9% over the control for heavy clay soils. This
indicated that filter cake compost reduced maximum soil
compactibility more than that obtained by incorporating filter
cake. This may be attributed to the high elastic property of
filter cake compost than filter cake since it is a highly
decomposed organic matter source (Table 2). This shows that
filter cake compost is more effective in reducing soil
compactibility than filter cake. In line with this, Thomas et al.
[57] also reported that highly decomposed residues reduced
soil compatibility more than the slightly decomposed

residues. Filter cake compost applied at the rate of 30 t ha™ to
heavy clay soils reduced the soil compactibility at water
content of 0.93 PL. The result was also in agreement with
Meyer and Antwerpen [58] who reported effectiveness of
sugarcane residues in reducing soil compactibility at water
content lower than PL.

The results from this study indicated that compaction of top
soil can be reduced by sugarcane residue incorporation. This is
very important for growth of sugarcane since most of
sugarcane root populations are found in the topsoil layer. In
consent with this finding, Tesfayeet al. [59] reported that 90%
of the root population of sugarcane is found in the upper 60 cm
of the soils in which most of the root distributions are
restricted in top soil in Ethiopian Sugarcane Estates. Moreover,
Barzegaret al. [59] and Usaborisut and Niyamapa [60] also
reported that roots of sugarcane are mainly distributed in the
top soil layers. Therefore, in the three soil types (light, medium
and heavy clay) heavy machineries operatio

n during sugarcane seedbed preparation and harvesting may
be used when soil moisture is below 0.60, 0.9 and 0.91 PL,
respectively, for light, medium and heavy clay soils and when
filter cake and filter cake compost are mixed with soils.

Table 5. Effects of filter cake compost on proctor test parameters of heavy
clay soils.

Soil type  Com (ttha) MDD (g/em’) CMC (%)  f(%)
Heavy cla 1.45 26.11 347
cavy ey 3 1.05 29.27 51.00

Com=compost, MDD=maximum dry density, CMC=critical moisture

content, f=total porosity

It appears that in all the three soil clay content levels at 0 t
ha' and 30 t ha' of filter cake and filter cake compost
application levels, the porosity attains a minimum value at
critical moisture content. Filter cake increased total porosity
at critical moisture content by 2.44% for heavy clay soils.
However, filter cake compost increased total porosity of
heavy clay soils by 46.9% as compared to the soil with no
residue added to it. This makes filter cake compost better
material in increasing total porosity and reducing soil
compactibility in heavy clay soils. The relationship between
soil moisture content and total porosity is shown in Figure 3.

Table 6. Pearson correlation analysis among proctor test parameters for
soils treated with filter cake (upper table) and filter cake compost (lower
table).

MDD CMC f
MDD 1 0.43™ -0.73™"
CMC 1 -0.45™
S/ 1

MDD CMC f
MDD 1 0.55™ -0.87"
CMC 1 -0.26™
S 1

MDD=maximum dry density, CMC=critical moisture content, f=total
porosity and ***, ** and *=significant at P <0.001, P< 0.01 and P <0.05,
respectively; ns=not significant
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4. Conclusion and Recommendation

The results of this study showed that the maximum dry bulk
density with no sugarcane residue added was achieved at 0.6
PL for light, 0.9 PL for medium and 0.91 PL for heavy clay.
Filter cake incorporated at the rate of 30 t ha reduced the soil
compactibility induced by proctor test load at water content of
0.7 PL for light clay soils, 0.97 PL for medium clay and at
water content of 0.98 PL for the heavy clay soils. In all three
soil types at 0 t ha™' and 30 t ha residue application levels, the
total porosity attained a minimum value at critical moisture
content and critical moisture content for the maximum dry
density increased as the clay content increased. Filter cake and
filter cake compost reduced the maximum dry density of heavy
clay soil by 4 and 27.6%, respectively, as compared to the
control. Nevertheless, this residues increased total porosity at
critical moisture content, respectively, by 2.44 and 46.9% over
the control for heavy clay soils.

Therefore, based on the findings from three soils of
different clay content it can be concluded that knowing the
change in soil compactibility with water content changes help
one to schedule farm trafficking and cultivation operations at
the proper moisture content. Furthermore, sugarcane residue
was most effective in reducing soil compactibility at moisture
content less than PL compared to water content higher than
PL. However, at the water content higher than PL the effect
of moisture content on dry density is greater than the effects
of sugarcane residues since at higher water contents nearly
all pores will be occupied by water (saturation) and the
elasticity behavior of sugarcane residue is low. Moreover,
filter cake compost was more effective in reducing soil
compactibility than filter cake and sugarcane residues
application in the form of filter cake and its compost could
help to achieve a relatively sustainable soil management and
an increase in soil fertility.

Based on the findings and conclusions of this study the
following recommendations are made:

Heavy machineries operation in the three soil types (light,
medium and heavy clay soils) during sugarcane seedbed
preparation and harvesting; shall be made when soil moisture
is below 0.60, 0.9 and 0.91 PL, respectively, for light,
medium and heavy clay soils and when either filter cake or
filter cake compost is mixed with soils tentatively.

Nevertheless, in order to give conclusive recommendation
further research studies are needed for more soil clay levels
for the case of filter cake compost and more rates for both
sugarcane residues.
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