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Abstract: Long year cultivations under sugarcane production causes soil degradation and subsequently results in to change
of soil properties. However, information on the effect of long year cultivation of sugarcane on soil physicochemical properties
is scanty. A study was conducted in 2020 at Finchaa Sugar Estate to investigate the status of selected physicochemical
properties of soil under mechanized sugarcane cultivation for different years. In this line soil samples were collected from 0-30
and 30-60 cm layers of long year cultivated, short term cultivated and virgin land uses for laboratory analysis. The result of this
study showed that the highest bulk density value of soils for long year sugarcane cultivated fields under low organic matter
content induced soil compaction and the bulk density and total porosity parameters of all crop land fields were out of optimum
range for sugarcane production. The available water holding capacity of the surface soils of the study area was in the range of
high class for all long term cultivated fields and optimum for sugarcane production. In terms of organic carbon, total nitrogen
and available phosphorus contents the fertility status of soils was low. From these findings one can conclude that the low soil
porosity and high soil bulk density values of long year sugarcane cultivated land indicates presence of soil compaction and
sustainability problem for sugarcane production in the estate. Low organic matter, total nitrogen and available phosphorus
noted under the cultivated land may cause sustainability problem to sugarcane production in the estate. To maintain
sustainability of sugarcane production in the estate soil management practices that can increase soil organic matter, total
nitrogen and available phosphorus is helpful. Therefore, to develop a more general recommendation further research studies
are needed.
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1. Introduction

Long-term intensive mechanized tillage operation under indicated that long-term sugarcane cultivation under low soil

sugarcane production causes soil degradation, which results
in subsequent changes in soil physicochemical properties [1].
The problem is more serious in Ethiopia in long-term
cultivated fields of sugar estates such as Finchaa Sugar Estate
[2]. Study has indicated that tillage operations for long time
deplete soil organic matter [3]. The issue of soil compaction
more exaggerated by low organic matter and overuse of
heavy machines [4]. Beside this, Usaborisut and Niyamapa [5]

organic matter condition alters soil properties. These changes
in soil properties result in increased bulk densities and lower
water infiltration that may consequently reduce nutrition
uptake and sugarcane yield.

Sugarcane is a perennial and a long duration industrial
crop growing in soil types ranging from sandy to very heavy
clayey soils [6]. It is one of the main economic commercial
crops grown in Ethiopia. Moreover, Ethiopia is one of the
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countries with the highest sugar cane yield in the world [7, §].
Sugarcane production in Ethiopia involves mechanized
cultivation in order to satisfy the local high demand for white
sugar [9].

In mechanized sugarcane cultivation, the use of heavy
machinery, such as tractors for operations like cultivation,
planting, fertilizer application, weed control and cane
extraction, is a common practice [10]. This type of
agriculture is associated with the use of larger tractors, more
soil cultivation and reduced plant residue returns to soil, as
well as greater utilization of pesticides and fertilizers.
Nevertheless, machinery overuse and long term intensive
cultivation have been found to be the main cause for major
soil degradation processes such as acidification, soil crusting,
compaction, breakdown of soil structure and loss of organic
matter [11].

Loss of soil organic matter is the cause for soil
degradation under sugarcane production [12]. For instance,
Tesfaye et al. [13] reported that the most serious factor
associated with soil compaction under sugarcane production
is the loss of soil organic matter due to intensive tillage.
Moreover, a loss of soil organic matter now considered the
most important aspect of soil degradation under cane
production and has detrimental effects on soil physical and
chemical properties [14].

Although, Ethiopia is one of the countries with the highest
sugar cane yield in the world sugar cane yield decline is
currently becoming the major area of attention in the
Ethiopian sugarcane plantations. For instance, Tesfaye et al.
[15] clearly indicated the existence of a general decline in
cane yield in the Finchaa Sugar Estate. Accordingly, the cane
yield declined by 26.6% at Finchaa Estate between 1997-
2008 production years. Studies in Ethiopian Sugar Estates
also showed that the declining productivity of the fields is
mainly due to deplete organic matter along with effects of
soil compaction on soil properties [16].

Agricultural sustainability requires periodic evaluation of
soil fertility status. This is important to understand the factors,
which impose serious constraints on increased crop
production under different land use types, and for adoption of
suitable land, management practices [17]. Moreover,
information about the characterization of soils under long-
term cultivation is essential in order to draw up appropriate
recommendations for optimal and sustainable utilizations of
land resource. The achievement of soil management to
maintain enhanced soil fertility status depends on the
understanding of how soils respond to land use and practices
over time [18]. Furthermore, the importance of soil properties
characterization lies in achieving sustainable land use and
management systems, to balance productivity and
environmental protection.

Soil organic matter is one measure of soil fertility, which
decreases because of intensive cultivation. Beside this, soil
compaction also aggravates the degradation of soil
properties and subsequently deteriorates soil fertility.
Particularly, upon cultivation the deterioration of soil

fertility is inevitable which may lead to yield decline.
Likewise, in sugar cane plantations, soil fertility decreases
due to soil degradation found to be one of the major
contributors for yield decline.

Identifying and understanding the cause of the yield
decline has paramount importance to design and recommend
appropriate management strategies. Likewise, in Finchaa
Sugar Estate long-term sugarcane production and
inappropriate management practices are cause for soil
fertility problem and yield decline. So in order to alleviate
this problem of the Finchaa sugarcane plantation soil
physical and chemical properties assessment is valuable.

Moreover, soil characterization provides information for
our understanding of the Physico chemical properties of the
soils we depend on to grow sugarcane [19]. Some studies
were done in Finchaa Sugar Estate on effect of long-term
sugarcane cultivation on soil properties [20]. Nevertheless,
a few was known regarding the characterization of soil
physicochemical properties under long-term sugarcane
production in the study area. Such information is particular
important inputs for sugarcane producing community and
for land-use-planners in planning land management
practices for sustaining the production and productivity of
sugarcane in the estate. Keeping this in view, a
comprehensive work was undertaken in Finchaa Estate with
the objective of determining the effect of long year
cultivation of selected physicochemical properties of soil
under sugarcane cultivation for different years at Finchaa
Sugar Estate.

2. Materials and Methods
2.1. Description of the Study Area

2.1.1. Geographical Location and Area Coverage

The study was conducted in Finchaa Sugar Estate, which is
located at 340 km from Addis Ababa within the Oromia
National Regional State (ONRS). It is found in Horo Guduru
Wollega Zone at latitude of 9°30° to 10°00° North and
longitude of 37°15” to 37°30°East [21]. Finchaa Sugar Estate
is bounded by the Amhara National Regional state in the
North, Hababo Guduru district in the east, Guduru district in
the south, Abey Chomen and Horro districts in the west and
Jarte and Amuru districts in the north-west. The total area of
land under cultivation at Finchaa Sugar Estate during the
study period was about 9000 ha [22].

2.1.2. Climate and Topography

Finchaa Sugar Estate has unimodal rainfall pattern in
which majority of the annual rainfalls between May to
September. The mean annual rainfall of the estate was
1399.72 mm and the average minimum and maximum
temperatures are 14.40 and 30.54°C, respectively (Figure 2).
The estate is characterized by a gently undulating surface
with a general slope of 1 to 8 percent northwards [23]. It was
found at an elevation of 1500 meters above sea level.
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Figure 1. Location of Finchaa Sugar Estate in Ethiopia.
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Figure 2. Rainfall, maximum and minimum temperatures of study area.

2.1.3. Soil Types, Parent Materials and Soil Management
Units
The dominant soil types of Finchaa Sugar Estate are
vertisols and Luvisols. The soils are developed from volcanic

rocks such as basalt, limestone, granite, and sandstone. In
general, Finchaa Sugar Estate has two soil management units
in which more than 95 percent of the cultivated soils in
Finchaa are grouped in to Luvisols and Vertisols and in use
for different agricultural field operations [24].

2.1.4. Population, Farming System and Irrigation
Management

The total population of the Finchaa Valley was 13,003 of
which 3,098 were permanent (male 2,760 and female 338)
and 9,671 were seasonal laborers (male 5870 and 3,801) and
234 contract laborers (male 207 and 27). Generally, the main
crops grown in the Finchaa Sugar Estate were sugarcane but
sesame and horticultural crops were cultivated in small areas
of the estate. The mean land productivity of Finchaa Estate
was about 160 t ha™' of cane [25].

Mechanization based land preparation or tillage operations
such as uprooting sub soiling; plowing, harrowing, labeling,
and furrowing are conducted before planting cane sets. In
sugarcane agriculture, the main objectives of tilling the soil
were to destroy the old crop and to prepare a weed-free
seedbed before planting a new crop. Planting of sugarcane
seed is done manually but cultivation and chemical spraying
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are mechanized. Urea (150-400 kg.ha’l) and ammonium
phosphate (250 kg ha™) were the two types of fertilizers in
use in the estate [26].

The irrigation water source for Finchaa plantation is the
Finchaa River and movable sprinklers were used for water
application in the sugarcane fields. In the sprinkler irrigation
method, the irrigation water was applied to the land in the
form of spray, somewhat as an ordinary rain. This overhead
irrigation manually moves from place to place in the field
based on the demand for irrigation [27]. In the estate
independent of the soil type’s irrigation application rate and
interval for both soil types is the same and is applied every
15 days for length of 24 hrs. The feel method is used to
recognize the need for irrigation. A test is conducted at two
depths (0-30 and 30-60 cm) a few days before the expected
date of irrigation, and irrigation is scheduled when the test
results indicate dry soil [28].

2.2. Method of Study

2.2.1. Site Selection, Soil Sampling and Sample Preparation
for Laboratory Analysis

(). Soil Sampling Site Selection

At beginning of sampling site selection; preliminary
survey, professional judgment and consultation with estate
experts was undertaken to identify the sampling locations.
Land use representatives such as areas covered by sugar cane
plantation, areas covered with minimum disturbances
(example: forests, bush, bare land, residence area),
topography of sites and sugar cane plantation settings were
considered.

The study was conducted on both soil management units
of the estate (luvisols and vertisols soil management units).
Three stages stratified random soil sampling method was
used. In the first stage, the estate stratified in to two soil
management units. In second stage each soil management
unit categorized into three land use types (zero years of
cultivation, short year cultivation (<10 years) and long year
cultivation (>20 years). In the third stage each land use
represented by three sampling sites so that soil samples
from each stratum was provide good representation of study
area soils. Accordingly, nine sampling sites for each soil
management unit randomly assigned. Global Positioning
System (GPS) data was taken from each of the sampling
sites.

(ii). Soil Sampling

Undisturbed and disturbed composite soil samples were
collected from selected sampling sites from two layers (0-30
cm and 30-60 cm) using vertical insertion of core samplers
and auger, respectively. One composite soil sample was
formed from the twenty sub samples for each soil depth of
sampling site using the X-pattern sampling technique. Based
on this, a total of 36 composite and core soil samples were
collected from both layers.

(iii). Soil Sample Preparation for Laboratory Analysis
For composite soil, samples of 500 g of soil samples were

weighed, labeled and kept in plastic bag, and submitted to
Finchaa station soil laboratory. All laboratory analyses were
done following the procedures described in laboratory
manual prepared by Sahlemedhin and Taye [29]. In the
laboratory, the undisturbed soil samples that were collected
using a core sampler was weighed at field level and after
drying it in the oven at 105°C until constant weight was
gained as described by Day [30] for analysis of some
physical properties. The composite soil samples was air-dried,
ground and sieved to remove gravels, roots, and large organic
residues before conducting analyses of selected soil physical
and chemical properties.

2.2.2. Soil Laboratory Analysis

(i). Soil Physical Analysis

Soil particle size distribution was determined by the
hydrometer method [31]. Then, the soil was assigned to a
textural class using the USDA soil textural triangle [32]. Soil
bulk density obtained from the undisturbed core sample using
core method [33]. Average particle density value of 2.65 g
cm” was used to compute total porosity of soil. Total
porosity was computed from the values of bulk density and
particle density as described by Brady and Weil [34]. To
determine the available water holding capacity (AWHC) of
the soil, water content at field capacity (FC) and permanent
wilting point (PWP) were measured at -1/3 and -15 bars soil
water potential, respectively, using the pressure plate
apparatus [35].

(ii). Soil Chemical Analysis

The pH of the soil was measured in water (1:2.5 soil: water
ratio) by glass electrode pH meter [36]. Soil organic carbon
was determined using the Walkley and Black wet oxidation
procedure [37]. Total N was analyzed using the Kjeldahl
digestion, distillation and titration method as described by
Jackson [38]. Available soil P was extracted according to the
standard procedure of Olsen extraction method [39]. The P
extracted with this method was measured by
spectrophotometer following the procedures described by
Murphy and Riley [40].

Cation exchange capacity (CEC) and exchangeable bases
(Ca, Mg, K and Na) was determined after extracting the soil
samples by ammonium acetate (IN NH;OAc) at pH 7.
Exchangeable Ca and Mg in the extracts was analyzed using
atomic absorption spectrophotometer, while Na and K were
analyzed by flame photometer [41, 42]. Exchangeable acidity
was determined by saturating the soil samples with potassium
chloride solution and titrated with sodium hydroxide as
described by Mclean [43]. Available micronutrients (Fe, Cu,
Zn and Mn) were extracted by DTPA and measured by
atomic absorption spectrophotometer as described by
Lindsay and Norvell [44].

2.3. Data Analysis and Interpretation

The soil physical and chemical parameters were subjected
to analysis of variance using the general linear model
procedure of the statistical analysis system using SAS 9.2
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software [45]. The least significance difference (LSD) test
was used to separate significantly differing treatment means
after main effects were found significant at P < 0.05.
Moreover, simple correlation analysis was executed to reveal
the magnitudes and directions of relationships between
selected soil parameters.

3. Results and Discussion

3.1. Effect of Land Use and Soil Depth on Soil Physical
Properties

Selected soil physical properties measured for soils under
different land use types and soil depths presented in Tables 1,
2 and 3 below.

(i). Particle Size Distribution

Particle size distribution of soil affects the infiltration and
retention of water, soil aeration, absorption of nutrients,
microbial activities, tillage and irrigation practices [46].
Despite the fact that, soil texture is an inherent soil property,
management practices or intensive cultivation may be
contributed indirectly to the changes in particle size
distribution particularly in the surface layers as result of
removal of soil by sheet and rill erosions, and mixing up of
the surface and the subsurface layers during continuous deep
tillage activities.

In the present study, all the particle size distribution
fractions were significantly (P < 0.05) affected by both land
use and soil depth of soil management unit, while the
interaction effect was not significantly (P > 0.05) affected

none of them (Tables 1, 2). The highest mean values of the
three separates were 57.3% (for long-term cultivated
vertisols), 50.17% (for virgin Luvisols), and 11.92% (for
luvisols short term cultivated), respectively, for clay, sand
and silts contents. Whereas, the lowest mean values were
clay (42.5%), sand (32%) and silt (7.33%), respectively, for
virgin Luvisols, long term cultivated Vertisols and for virgin
Luvisols (Table 1).

In both soil management units, soil under sugarcane
cultivation land has higher clay and lower sand contents as
compared to the virgin land use. Whereas, for both soil
management unit virgin lands had higher sand and lower clay
contents as compared to cultivated land uses. The difference
in the distribution of sand and clay fraction between the
cultivated and virgin soils likely attributed to the mixing of
soils during normal tillage activities and sub soiling
operations of sugarcane cultivation field. Similarly,
occurrence of higher sand fraction in virgin land ascribed to
the removal of clay particles through erosion leaving the sand
particles behind. In agreement with this, Negasa and Tesfaye
[47] also reported the variation in particle size distribution
due to the removal of soil particles through erosion and
mixing of the surface and subsurface soils during deep tillage
activities. Generally, the particle size distribution of the study
area of soils in all locations ranged from sandy clay to clay.
This might be due to long-term effect of pedogenesis
processes such as erosion, deposition, eluviations, weathering
and cultivation.

Table 1. Effect of land use on particle size distribution, bulk density and total porosity.

Particle size distribution

SMUG N 3
Land use %Sand %Clay % Silt TC Bd (gem™) %TP
Long year cultivated 42.50° 47.67° 9.83° SC 1.42° 43°
Short year cultivated 45 43° 11.92° SC 1.38° 44°

L Uvisols Virgin land 50.17° 42.5° 733° SC 1.3° 47
LSD (0.05) 5.15 0.4 235 0.02 3.41
CV (%) 14.25 18.53 26.50 5.70 6.20
Long year cultivated 32.00° 57.33% 10.50 C 1.4° 46°
Short year cultivated 37.50° 52° 10.33 C 1.29° 51%®

Vertisols Virgin land 46.70° 44° 9.20 C 1.2° 53°
LSD (0.05) 3.49 5.12 Ns 0.09 2
CV (%) 17.8 14.86 22.75 7.00 5.50

SMUG=Soil Management Unit Groups, LSD=List significant differences, CV%=Coefficient Variation, S=Sand, C=Clay, SC=Sand Clay, TC=Textural Clay,

Bd= Bulk density, TP=Total Porosity.

Considering the effect of soil depth, there was a
significantly (P < 0.05) difference in the soil particle size
distribution between the soil depths (Table 2). In both soil
management units’ sand content decreased with soil depth.
In opposite to sand content, clay content increased with soil
depth. The highest mean clay content (55%) recorded at
subsurface layer of Vertisols and in contrary to this the
mean highest sand content (48.9%) was determined for top
layer of Luvisols. The higher clay content in subsurface and

higher sand content at surface soil layer may be due to
selective removal of clay particles by downward water
movement leaving behind the sand fractions at top surface
of the soil. In line with this, increase in clay content and
decrease in sand content with increasing depth was reported
by Worku and Tesfaye [48]. Additionally, Chemada et al.
[49] also stated that for long period cultivated fields the
clay content increased from the surface to subsurface soil
layer.
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Table 2. Effect of soil depth on particle size distribution, bulk density and total porosity.

Particle size distribution

SMUG Soil depth %Sand %Clay %Silt TC Bd (gm™) %TP

0-30cm 48.9° 41° 9.66" e 1.41° 45.6
. 30-60cm 42.9° 50° 7.1° sC 1.45° 44°

Luvisols
LSD (0.05) 5.8 6.15 1.9 0.03 0.08
CV% 18 20 27 59 7
0-30cm 41.5 47° 11° C 1.28° 52¢

el 30-60cm 36° 55 8.88° C 1.36° 49°
LSD (0.05) 2.85 4.18 2.12 0.07 2.84
CV% 15 11.9 21 5.4 6

SMUG=Soil Management Unit Groups, LSD=List significant differences, CV%=Coefficient Variation S=Sand, C=Clay, SC=Sand Clay, TC=Textural Clay,

Bd= Bulk density, TP=Total Porosity.

(ii). Soil Bulk Density

Soil bulk density was an indicator of soil compaction. The
soil bulk density of study area was significantly (p<0.05)
varied among the land uses and soil depth, whereas,
interaction effect was not significant (P>0.05) for both soil
management units (Tables 1, 2). It ranges from 1.2 to 1.42g
cm”, the lowest (1.2 g cm™) bulk density value obtained
from Vertisols virgin, and the highest (1.42g cm™) value
recorded from Luvisols long term cultivated. In both soil
management units of the estate the highest bulk density was
recorded under long year cultivated land use, while, the
lowest bulk density was obtained from virgin land use (Table
1 and Table 2).

The highest bulk density value of soils under long year
sugarcane cultivation could be due to induced soil
compaction resulted from long year mechanized cultivation
of sugarcane. Moreover, the relatively highest bulk density
recorded for long year sugarcane cultivated field might be
due to low organic matter effect of the field which can be
evidenced by negative correlation (r = -0.70) between bulk
density and organic matter (Table 10). In agreement with this,
Gemechu and Tesfaye [50] reported inverse relationship
between bulk density and organic matter as well as high bulk
density of cultivated fields than uncultivated virgin fields.

The optimum bulk density for sugarcane production was
1.1 to 1.2 g/em” for clay soils and 1.30 to 1.40 g/cm™ for
sandy soils [51]. With respect to these critical values, the
bulk density of all luvisols soil management unit land uses
and Vertisols long year cultivated land use were out of this
optimum range. So the higher bulk density value of land uses
than these critical values indicate presence of soil compaction
and sustainability problem for sugarcane production in the
estate (Tables 1 and 2). In addition, the highest bulk density
noted under the cultivated land could limit root growth, gas
exchange and availability of less mobile plant nutrients.

Similarly, bulk density value was significantly (P <0.05)
affected by soil depth (Table 2). However, the highest (1.45
g.cm™) and the lowest (1.28 g.cm™) mean values of bulk
density were recorded from the subsurface layer of Luvisols
and top layer of Vertisols, respectively (Table 2). In both soil
management units of the estate bulk density increased from
0-30 to 30-60 cm. This might be due to decrease in organic
matter in reverse to bulk density variation along the depth
(Table 2). The bulk density of study area was increased with

soil depth. Similar to this, Celik [52] reported increase of
bulk density with depth.

(iii). Total Porosity

The total porosity was depending on the proportion of soil
particles and could be easily affected by soil management
practices. Total porosity of soil was significantly (P<0.05)
varied with land uses in both soil management units whereas,
interaction effect was not significant (P>0.05) for both soil
management units (Table 2). It ranges from 43 to 53% and
lowest (43%]) total soil porosity value was obtained from
Luvisols long year cultivated land and the highest (53%)
value was recorded from vertisols virgin lands. In both soil
management units of the estate the highest total soil porosity
was recorded from virgin land use, while, the lowest total soil
porosity was obtained from long year cultivated land use
(Tables 1 and 2).

The higher total soil porosity value under virgin land could
be due to the lower bulk density values resulting from the
positive effects of the higher organic matter content in the
virgin soils which can be evidenced by positive correlation (r
= 0.70) between total porosity and soil organic matter.
Likewise, the lowest total porosity recorded under long year
cultivated land use field might be due to low organic matter
and high soil bulk density of the field which can be
confirmed by negative correlation (r = -1) between total
porosity and soil bulk density (Table 10). In agreement with
this, Tesfaye [53] reported inverse relationship between soil
total porosity and soil bulk density. The total porosity of soils
usually lies between 30 and 70%, whereas, in clay soils total
porosity less than 50% can restrict root growth [54]. As per
this optimum value, total porosity values for the long year
cultivated fields were out of optimum value.

The estate total porosity was significantly (P<0.05)
affected by soil depth for both soil management units (Table
2). The relatively maximum (52%) and the minimum (44%)
values of total soil porosity recorded from the 0-30 cm layer
Vertisols and subsurface layer of Luvisols, respectively
(Table 2). Soil total porosity percentage of estate was
decreased from top to subsurface layer (Table 2). This might
be due to decrease in organic matter in reverse to bulk
density variation along the depth (Table 2). Similarly, Rao et
al. [55] also reported highest total porosity at the surface
layers due to high organic matter content and low bulk
density of top layer relative to subsurface layer.
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(iv). Soil Water Content

The soil volumetric water content at field capacity and
permanent wilting point were ranged from 36.8 to 50.3% and
20 to 30%, respectively. The computed values of available
water holding capacity of estate fields were averaged
between 168 and 203 mm/m. The comparatively maximum
values of soil water content at FC (50.3%) and PWP (30%)
were scored under long-term cultivated land and the lowest
value of soil water content at FC (36.8%) and PWP (20%)
were recorded under virgin lands (Table 3). Moreover, the
highest (203 mm/m) and lowest (168 mm/m) available water
holding capacities were recorded under long year cultivated
vertisols and virgin Luvisol, respectively (Table 3). In both
soil management units of the estate the highest soil water
content at FC and PWP as well as AWHC were recorded for
long-term cultivated land uses. While, the lowest soil water
content at FC and PWP as well as AWHC were recorded at
virgin land uses (Tables 3). The variation in water content at
FC and PWP and AWHC might be due to differences in their
particle size distributions and bulk density.

The highest mean values of volumetric water content at
field capacity and permanent wilting point and available
water holding capacity of soils under long-term cultivation
might be resulted from the relatively higher clay and bulk
density for long year cultivated fields (Table 3). Similarly,
Ayoubi et al. [56] reported that higher AWHC of long term
cultivated lands compared to virgin fields due to high clay
percentage. The lowest water content at field capacity and
permanent wilting point and available water holding capacity
for virgin land use could be due to lowest clay content and
bulk density soils under virgin field. In agreement with this,
Tesfaye [57] reported the smallest soil water content at field
capacity, permanent wilting point and available water
holding capacity of virgin field due to its low clay content
and bulk density. In terms of AWHC rating developed by
Bremner [58], the AWHC of the surface soils of the study
area was in the range of high (for all long term-cultivated
fields) and medium for all other fields (Table 2). As per this
optimum values, all the fields under sugarcane are above this
threshold value for sugarcane production.

Table 3. Effect of land use on available water holding capacity.

Water retained (%v/v) at

MUG Land use FC PWP AWHC (mm/m)
Long year 45° 25.5° 195
Short year 40.5° 22.5° 180

Luvisols Virgin land 36.8° 20° 168
LSD (0.05) 3.7 2.7 Ns
CV (%) 9.50 14 9.50
Long year 50.3" 30° 203
Short year 42° 23%® 190

Vertisols Virgin land 38° 21° 170
LSD (0.05) 7.56 5.93 Ns
CV (%) 9.50 14 9.50

SMUG= soil management unit group, LSD=list significant differences, CV%=coefficient Variation, FC= field capacity, PWP=permanent wilting point,

AWHC= available water holding capacity.

3.2. The Effect of Land Uses and Soil Depth on Selected
Soil Chemical Properties

(i). Soil pH

Soil pH is a measure of the availability of plant nutrients,
activity of microorganisms and the solubility of soil minerals.
The pH of the study area was significantly (P<0.05) varied
among the land uses in both soil management units and soil
depth but not with interaction effects (Table 4). It was
averaged between 5.6 and 6 pH and the highest soil pH (6)
was obtained from Vertisols virgin land use and the lowest
(5.6) value was recorded from Luvisols long-term sugar cane
cultivated land. In both soil management units of the estate
the lowest soil pH value was recorded under long term sugar
cane cultivated land, while, the highest soil pH value was
obtained from virgin land use (Table 4).

The lower soil pH value of soils under long term sugar
cane cultivated land might be due to leaching of basic cation
by percolating water during rainfall, irrigation of cultivated
fields and continuous soil disturbance during cultivated;
which can be evidenced by positive correlation (r = 0.21,
0.11, 0.09 and 0.04) between Ca, Mg, K and organic matter,

respectively (Table 10). The relatively higher mean value of
soil pH under the virgin land might be due to higher organic
matter content of virgin field than other land uses. In
agreement to this, BAI [59] indicated that low pH of soils
under long-term cultivated fields because of removal of basic
cations during irrigation of the cultivated fields.

As per rating of soil pH by Tekalign [60] soil pH of the
study area of both soils, management units were within the
ranges of slightly acidic to moderate acid. As described by
Arian [61] the optimum value of pH for sugarcane crop
production is pH 6 to 7.5. With respect to this optimum
values, pH of all Luvisol land uses were out of this range.

Soil pH of study area was significantly (P<0.05) affected
by soil depths in both soil management units (Table 6). The
highest pH (at subsurface layer of Vertisols) and lowest pH
(at surface layer of luvisols) were 6.25 and 5.65, respectively
(Table 6). The pH values were higher at subsurface than
surface soil layers for both soil management units might be
due to increase in basic cation accumulation at subsurface
relative to surface soil layer (Table 6). Loss of base forming
cations down the soil profiles through leaching, depletion of
basic cations due to crop residue harvest and continuous use
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of ammonium based fertilizers such as diammonium in the
cereal based cultivated fields could contribute to increased
acidity level. In line with this, Kumar et al [62] reported an
increase in soil pH with soil depth due to accumulation of
bases at subsurface soil layer.

(ii). Soil Organic Carbon

The soil organic carbon is a nutrient sink and source in
addition to improving soil physical properties. The soil
organic carbon was significantly (p<0.05) varied among the
land uses and soil depth but not significantly (P > 0.05)
affected by interaction effect in both soil management unit
(Tables 4, 5). The soil organic carbon for this study varied
between 1.17 and 2.27%. The lowest (1.17%) soil organic
carbon value was obtained from Luvisols long-term
cultivated land and the highest (2.27%) value was recorded
from Vertisols virgin land. In both soil management units of
the estate the highest soil organic carbon value was recorded
under virgin land use types, while, the lowest soil organic
carbon value was obtained from long year cultivated land use
(Table 4).

The lower soil organic carbon value of soils under long
year cultivated land might be attributed to the continuous
intensive tillage operation that aggravates organic matter
deterioration and insufficient inputs of organic substance
from the farming system due to residue removal. In
agreement with this, Nega and Heluf [63] reported that
intensive cultivation removes crop residues through
intensifying oxidation of organic matter in the cultivated
lands. Moreover, the highest soil organic carbon value
recorded under virgin land field might be due to high
accumulation of organic residues the field without tillage. In
agreement with this, Woldeamlak and Stroosnijder [64]
reported higher organic matter content of uncultivated fields
due to better availability of organic residue in uncultivated
field.

As per rating of soil organic carbon by Berhanu [65] soil
organic carbon of the study area both long and short years
sugarcane, cultivated fields were categorized as low to
medium range. Whereas, organic carbon contents of virgin
fields of vertisols were in medium range. The low OC noted
under the cultivated land could be one indicator for low
availability of plant nutrients and unsustainable farming
practices, which require management practices that improve
these conditions. As suggested by Greenland et al. [66], the
critical value of soil organic carbon for crop production was
2% below which soil structural stability will undergo a
significant decline. With respect to these critical values, soil
organic carbon contents of both soil management units of
cultivated land uses were below this critical value.

In both soil management unit the mean soil organic carbon
was significant (P<0.05) for soil depth (Table 5). The highest
mean value of soil organic carbon (2.2%) and the lowest
(1.42%) were recorded from top layer of Vertisols and
subsurface layer of Luvisols, respectively (Table 5). In both
soil management units of the estate soil organic carbon
decreased down the depth. This might be due to
accumulation of plant residues at the upper surface soil layer

(Table 5). In line with this, Igbal ef a/ [67] and Abdisa [68]
reported that soil OM decreases with increasing soil depth
due to more accumulation of organic substance on the upper
surface soil layer.

(iii). Total Soil Nitrogen

Nitrogen (N) is the fourth plant nutrient taken up by plants
in greatest quantity next to carbon, oxygen and hydrogen. In
both soil management unit, the total nitrogen content was
significantly (P<0.05) affected by the land uses and soil
depth but interaction effect was not (Tables 4, 5). Total
nitrogen content of this study varies from 0.1 and 0.17%.
Lowest (0.1%) total nitrogen content was obtained from
Luvisols long-term cultivated land and the highest (0.17%)
was recorded from Vertisols virgin field (Tables 4 and 5).
Across the land uses, distribution of total N followed similar
patterns with soil OC distribution.

The lowest soil total nitrogen value of soils under long
year sugarcane cultivation could be attributed to low organic
matter content of this fields as the result of rapid
mineralization following intensive and continuous tillage
operation applied to the fields. In contrary to this, the
relatively highest total nitrogen content recorded under the
virgin land field might be due to relatively high accumulation
of residues on the virgin land. This can be evidenced by
positive correlation (r = 0.25) between soil total nitrogen and
soil organic carbon (Table 10). Similar to this, Khresat ef al.
[69] also suggested decline in TN of cultivated fields due to
rapid mineralization of organic matter. According to the
rating of total N by Murphy [70] total N in the study area of
all land uses type of luvisol and long year sugarcane
cultivated vertisols fields was rated as low, while, virgin land
of vertisols was rated as medium.

So the low total soil nitrogen value of cultivated land uses
indicate presence of high rates of microbial decomposition
and nitrogen transformation which can cause sustainability
problem to sugarcane production in the estate (Tables 4 and
5). This could be in turn slow down an accumulation of soil
total N in cultivated fields. In such a progressive decline in
the soil total N along with continuous cultivation of sugar
cane; industrial residues management in the farming system
can potentially improve this condition of the estate.

Similarly, total nitrogen content in both soil management
units was significantly (P<0.05) affected by soil depth (Table
5). The highest (0.17%) and the lowest (0.12%) mean values
of total soil nitrogen were recorded from the top layer of
Vertisols and subsurface layer of Luvisol, respectively (Table
5). In both soil management units of the estate soil total
nitrogen decreased from top to subsurface layer. This could
be attributed to the relatively higher amount of organic
residues and biomass on surface of lands (Table 5). This
finding is in agreement with the finding by Takele et al. [71]
in which they reported that the soil total nitrogen decreases
with increasing soil depth due to more accumulation of
residues on the upper surface soil layer.

(iv). Carbon to Nitrogen Ratio (C:N)

Carbon to nitrogen ratio (C:N) is an indicator of net N
mineralization and accumulation in soils. The carbon to
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nitrogen (C:N) ratio of the study area was significantly (P <
0.05) varied among the land wuses and soil depth.
Nevertheless, carbon to nitrogen ratio was not significantly
(P>0.05) affected by interaction effect for both soil
management units (Tables 4, 5). Carbon to nitrogen ratio of
this study ranges from 11.3 to 14.3. The lowest (11.3) carbon
to nitrogen ratio was obtained from Luvisol short term
cultivated and the highest (14.3) was recorded from Luvisol
virgin field. In both soil management units of the estate the
highest carbon to nitrogen ratio was recorded from virgin
land use, while, the lowest carbon to nitrogen ratio was
obtained from cultivated land uses (Tables 4 and 5).

Moreover, the relatively lower total carbon to nitrogen for
sugarcane-cultivated field could be due to low organic
residues as result of rapid decomposition in cultivated fields.
In addition, improvement in aeration during tillage operation
enhances mineralization rates in cultivated fields. Similarly,
the higher C:N ratio in virgin land may indicate the better
availability of carbon bearing materials in the virgin land.
Moreover, 11.3 to 14.3 C:N ratio is narrow as well as normal
for arable soils, decomposition rate is very rapid and N can
be released. The narrow C:N ratio for cultivated fields than
uncultivated field might be due to higher microbial activity
and more CO, evolution. In line with this, Abbasi et al [72]
also reported the narrow C:N ratio in soil of cultivated land
due to higher activities of microorganism and more CO,
release to the atmosphere.

As suggested by Cottenie [73] the C:N ratio (11.3 to
14.3%) values of both soil management units of study areas
of all land use type were classified under low class. This
might be due to low carbon input from the mono cropping
fields, which could not compensate for the rapid
mineralization of organic matter of the study area. The C:N
ratio of the study areas less than 14.4% may indicate that
organic residues in the soils is minimum. Basically, the
narrower the C:N ratio of the study area indicates that the
more need for applying organic residues to the fields.

Carbon to nitrogen ratio of the study area was significantly
(P £0.05) affected by soil depth (Table 2). The highest (12.9)
and the lowest (11.8) ratio of carbon to nitrogen were

recorded from the top layer of Vertisols and subsurface layer
of Luvisol, respectively (Table 5). In both soil management
units of the estate carbon to nitrogen ratio decreased down
the depth. The lower C:N ratio at sub surface layer was due
to low content of nitrogen and carbon in subsurface relative
to top layers.

(v). Available Phosphorus

In both soil management units available phosphorus was
significantly (P < 0.05) affected by the land use and soil
depths but not significantly (p>0.05) affected by interaction
effect (Table 4). The mean available phosphorus of this study
varies from 3.25 to 6 ppm. The lowest (3.25 ppm) available
phosphorus content was obtained from Luvisols long term
cultivated fields and the highest (6 ppm) value was recorded
from Vertisols virgin land use. In both soil management units
of the estate the highest available phosphorus content was
recorded under virgin land use, while, the lowest available
phosphorus content was obtained from long year cultivated
land use (Tables 4 and 5).

The highest available phosphorus content value of soils
recorded for virgin land use could be due to the high content
of soil organic matter for this land use. In agreement with this
finding, Abad et al [74] reported high available P for
uncultivated land than cultivated land due to its better soil
organic matter content. As per the ratings of available P by
Landon [75] the available P of the soil under cultivated fields
was rated as very low in both soil management units,
whereas, soil available P for Vertisols virgin land was rated
as low. The values of available P determined from this study
were even below the critical range of P (8 mg kg') for
Ethiopian soils suggested by Haque [76]. So the low
available phosphorus values of all cultivated land uses may
indicate the effects of numerous crop harvest, erosion,
fixation and low accumulation of soil organic matter content
in the estate field (Tables 4 and 5) which can be evidenced by
positive correlation (r = 0.62) between available phosphorus
and organic matter (Table 10). In line with this, Eyayu ef al.
[77] reported the decline in available P among soils of
cultivated land uses mostly due to reduction in soil organic
matter during the cultivation of the fields.

Table 4. Effect of land use on soil pH, OC, TN, C:N and AvP.

SMUGS Land use pH (1:2.5) %0C %TN C:N AvP (ppm)
Long 5.6° 1.17° 0.10° 11.70° 3.25°
Short 5.74%® 1.65 0.14° 11.40° 3.50°

LUVISOL Virgin 5.9 1.86° 0.13° 14.30° 45"
LSD (0.05) 0.14 021 0.01 1.84 0.305
CV% 49 23.6 27 29 6
Long 5.66° 1.70° 0.14° 12.56" 4°
Short 5.87%® 1.97° 0.16° 11.90° 4.1°

VERTISOL Virgin 6" 227 0.17° 13.3 6"
LSD (0.05) 021 0.18 0.01 0.06 1.17
CV% 5.97 13.9 29 30 19.5

SMUG= soil management unit group, OC = Organic carbon, TN =Total nitrogen, C:N= Carbon to nitrogen ratio, AvP= Available phosphorus, CV%=

coefficient of variation, LSD= list significant difference.

In both soil management units, mean available
phosphorus values were significantly (P < 0.05) affected by

soil depths (Table 5). The highest (5.18-ppm) and the
lowest (3.5-ppm) mean values of available phosphorus were
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recorded from the top layer of Vertisols and subsurface
layer of Luvisols, respectively (Table 5). In both soil
management units of the estate available phosphorus
content decreased from top to subsurface layers. This might

be due to decrease in organic matter down the depth (Table
5). In line with this, Dawit et al [78] reported that available
P in the soil mostly better available where the soil organic
matter content is high.

Table 5. Effect of soil depth on OC, TN, C:N, AvP and pH.

SMUG Soil Depth pH (1:2.5) %0C %TN C:N AvP (ppm)
0-30 5.65" 1.68° 0.14% 12 430°
. 30-60 6° 1.42° 0.12° 11.80 3.50°
Luvisols
LSD (0.05) 0.26 0.165 0.02 Ns 0.249
CV% 5 25 27 29 6.8
0-30 5.9° 2.20° 0.17° 12.90 5.18
el 30-60 6.25° 1.77° 0.14° 12.60 433"
LSD (0.05) 0.35 0.15 0.01 Ns 0.345
CV% 49 7.4 29 30 19

SMUG= soil management unit group, OC = Organic carbon, TN =Total nitrogen, C:N= Carbon to nitrogen ratio, AvP= Available phosphorus, CV=

coefficient of variation, LSD= list significant difference.

(vi). Exchangeable Bases (Ca, Mg, K, Na)

Soil exchangeable bases (Ca, Mg and Na) of this study
was significantly (P <0.05) affected by land use change and
soil depths but interaction effect was not significant (P >
0.05) (Tables 1, 2). In both soil management unit all the
highest mean values of the Ca, Mg, K, and Na (10, 2.9, 1,
and 0.3 cmol/kg) were recorded under the virgin land use
types respectively. Whereas, all the lowest mean values of Ca,
Mg, K and Na (6.63, 1.5, 0.25, and 0.2 cmol/kg) were scored
from the long-term cultivated sugarcane fields (Table 6). The
highest exchangeable bases recorded under virgin land use
might be due to its relatively high organic matter content,
which could be confirmed by positive correlation (r=0.19,
0.41, 0.44, 0.45) between organic matter content and Ca, Mg,
K and Na, respectively (Table 10). In agreement with this
finding, Nega and Heluf [79] indicated that virgin lands
contain high base cations due to their relatively high organic
matter content. Moreover, Wakane and Heluf [80] reported
that intensive cultivation and continuous use of inorganic
fertilizers in the cultivated fields that will enhance loss of
base cations through leaching, erosion and crop harvest.

According to nutrient rating by FAO [81] the
exchangeable Ca, Mg and K contents of study area of both
soil management units of all land use types were categorized
as moderate class and the exchangeable Na of the study area
of both soil management units was in the range of low rate
under all land use types. This indicates that the study area
was characterized by moderate contents of exchangeable
bases except exchangeable Na, which is low. This might be
indirectly showing that the value of exchangeable base of the
study area is almost sufficient for sugar cane cultivation.
Compared to virgin land the lower concentrations of
exchangeable Ca, Mg, and Na contents recorded in soils of
cultivated could be attributed to continuous losses in the
harvested parts of plants and leaching of basic cations from
top soils of cultivated land. Similarly, Dudal and Decaers [82]
and He er al [83] revealed that, domination of soil by
extractable acidic AI’" and Fe®" ions as well as adsorption of
the cations by higher content of clay in their top soils of
cultivated land resulting relatively lower contents of Ca, Mg,

K and Na ions in the soil.

Considering the effect of soil depth of both soil
management units; there was a significant (P < 0.05)
difference in the soil exchangeable base between the soil
depths (Table 7). In both soil management units soil
exchangeable base content increased with soil depth. The
highest mean values 9.5, 3, 0.95, and 0.3 cmol/kg of
exchangeable bases (Ca, Mg, K and Na), respectively, were
recorded under the subsurface layer of Vertisols except the
highest Na was recorded from subsurface layer of Luvisol.
However, the lowest mean values 6.5, 2.2, 0.5, and 0.23
cmol/kg of exchangeable bases (Ca, Mg, K and Na), were
recorded from the surface layers of Luvisols respectively.
The higher soil exchangeable base contents at subsurface soil
layer might be due to increasing trend of exchangeable bases
with depth, which might be due to downward leaching of
exchangeable cations by runoff. Similarly, Bore and Bedadi
[84] reported that the exchangeable bases were increasing
with increasing of soil depth due to its susceptibility to leach
downward by runoff and water percolation.

(vii). Soil CEC

The ability of a soil to retain cations in a form that is
available to plants known as cation exchange capacity (CEC).
In both soil management units CEC of the soil was
significantly (P < 0.05) varied among land uses and soil depth
but interaction effect was not significantly (P>0.05) affected
soil CEC for both soil management units (Tables 6, 7). Cation
exchange capacity of this study was averaged between 26.79
and 15 cmol/kg. The highest 26.79 cmol/kg CEC value was
obtained from Vertisols virgin land and the lowest 15 cmol/kg
was recorded from Luvisol long term cultivated field. In both
soil management units of the estate the lowest soil CEC was
recorded for long years cultivated land use, while, the highest
soil CEC was obtained from virgin land use (Tables 6 and 7).

The relatively highest soil CEC value recorded under
virgin land field could be due to its high organic matter
content which can be confirmed by positive correlation
(r=0.49) between soil CEC and organic matter (Table 10). As
per the ratings of CEC suggested by Hazelton and Murphy
[85] the CEC value of study area of both soil management
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units of all land use types were categorized as moderate class

(Tables 6 and 7).

Table 6. Effect of land use on exchangeable bases and CEC.

Exchangeable Bases (cmol/kg)

SMUG Land use CEC (cmol/kg)
Ca Mg K Na
Long 6.63° 1.5° 0.25° 0.2 15°
Short 8" 2° 0.4° 0.23 16°
Luvisols Virgin 9.5% 2.7° 0.7* 0.28 19.67°
LSD (0.05) 1.16 0.2 0.3 Ns 3.67
CV (%) 26.5 19.6 26.8 29 12.9
Long 7° 1.7° 0.3 0.23° 15.63°
Short 9.15° 2.5 0.5 0.26" 19
Vertisols Virgin 10° 2.9° 1° 0.3* 26.79°
LSD (0.05) 0.7 0.18 0.45 0.04 4
CV (%) 18.75 12.6 29 28 12.4

SMUG =Soil management Unit Group, LSD=List significant differences, CV%=Coefficient Variation, Ca =Calcium, Mg = Magnesium, K = Potassium, Na =

Sodium, CEC=Cation Exchange Capacity.

In both soil management units the CEC of the soil was
significantly (P <0.05) affected by soil depth (Table 7). The
highest (28.59 cmol/kg) and the lowest (21 cmol/kg) mean
values of soil CEC recorded from the subsurface layer of
Vertisols land and top layer of Luvisol, respectively (Table 2).
In both soil management units of the estate soil CEC
increased from top to subsurface layer. The highest CEC in
the bottom layers of all soil management units might be due
to high percentage of clay translocated to sub surface layer

(Table 2). In line with this, Nigussie and Kissi [86] reported
that the CEC of soil was higher in the subsurface of soil layer
under different land uses due to translocated clay to
subsurface. Moreover, the lowest CEC at the surface layers
of all land uses could be due to leaching and downward
movement of clay particles. Similarly, Fassil and Yamooh
[87] and Deekor, [88] also reported low CEC at surface layer
due to escaping of clay through leaching from surface layers
of the fields.

Table 7. Effect of soil depth change on exchangeable bases and CEC.

Exchangeable Bases (cmol/kg)

SMUG Soil Depth CEC (cmol/kg)
Ca Mg K Na
0-30 6.5° 22° 0.5° 0.23 21°
. 30-60 8.5° 2.8 0.82° 0.28 23°
Luvisols
LSD (0.05) 2 0.42 0.28 Ns 2
CV% 20.5 12 27 30 16.5
0-30 8° 2.5° 0.62° 0.25 25.80°
. 30-60 9.5° 3? 0.95° 0.3 28.59°
Vertisols
LSD (0.05) 32 0.45 0.3 Ns 2.5
CV% 17 16 26 29 9.6

SMUG =Soil Management Unit Group, LSD=List significant differences, CV%=Coefficient Variation, Ca=Calcium, Mg = Magnesium, K = Potassium, Na =

Sodium, CEC=Cation Exchange Capacity.

(viii). Exchangeable Acidity

Soil acidity occurs when acidic H" ion occurs in the soil
solution to a greater extent and when an acid soluble A’
reacts with water (hydrolysis) and results in the release of H'
and hydroxyl Al ions into the soil solution. In this study the
soil exchangeable acidity was not significan (P >0.05) for all
factors considered (Tables 4, 5). It was averaged from 0.49 to
0.02 meq/100g. The highest (0.49 meq/100g) exchangeable
acidity content value was obtained from Vertisols long year
cultivated land and the lowest 0.02 meq/100g) value was
recorded from Vertisols virgin land. In both soil management
units of the estate the highest exchangeable acidity content
was recorded under long year cultivated land use, while, the
lowest exchangeable acidity content was obtained from
virgin land (Tables 4 and 5).

The higher exchangeable acidity value of soils under long
year cultivated land use might be due to removal of Ca, Mg,
and K by Leaching and crop uptake of basic cations, and long
term application of inorganic fertilizers which can lead to
higher exchangeable acidity under sugarcane cultivated lands.
At low pH values, solubility of exchangeable acidity was
high while at high pH solubility of exchangeable acidity is
declining [89].

The exchangeable acidity was not significantly (P > 0.05)
affected by soil depth (Table 5). However, the highest (0.04
meq/100g) and the lowest (0.024 meq/100g) mean values of
exchangeable acidity were recorded from the top layer of
Vertisols and subsurface layer of Luvisols, respectively
(Table 5). In both soil management units of the estate
exchangeable acidity content decreased from 0-30 to 30-60
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cm might be due to increase in basic cations along the soil
depths. In agreement with this, Getachew and Tilahun [90]
reported that increase of basic cations down the depth was
the root cause of soil acidity decline down the depth.

(ix). Micro Nutrients (Fe, Cu, Mn and Zn)

The term micronutrients refer to elements that are required
by plants in very small quantities. In the present study, except
Cu, all the soil micronutrients were not significantly (P >0.05)

affected by land use, soil depth and none of them are
significantly (P > 0.05) affected by interaction effect (Tables
8, 9). The highest mean values of the soil micronutrients Fe,
Cu, Mn and Zn were 149.6, 4.7, 108.6, and 1.89 mg/kg were
recorded under long year cultivated lands respectively.
Whereas, the lowest mean values Fe, Cu, Mn and Zn were
120.9, 2.46, 82.75 and 0.9 mg/kg were recorded under virgin
lands uses respectively (Table 8).

Table 8. Effect of land use on micronutrients (Fe, Cu, Mn, and Zn) and exchangeable acidity.

Micro nutrients (mg/kg)

SMUG Land use Fe Cu Mn Zn Acidity (meq/100g)
Long 123.40 3.59 104.80 1.89 0.033°
Short 122.60 3.3° 101 1.29 0.022°

Luvisols Virgin 120.9 2.46° 93.89 0.9 0.021°
LSD (0.05) Ns 0.84 Ns Ns Ns
CV (%) 7.4 22.9 12.6 29 25
Long 149.60 470 108.60 1.60°* 0.49°
Short 141.50 4.48b° 82.75 1.22° 0.03%®

) Virgin 129.58 2.95° 90.78 0.97° 0.02°

Vertisols
LSD (0.05) Ns 1.46 Ns 0.25 0.01
CV (%) 21 28.80 25.50 22 25.5

SMUG =soil management unit groups, Fe= Iron, CU =cupper, Mn =manganese, Zn= zinc, LSD=list significant difference, CV= coefficient of variation.

Among soil management units, soils under long year
sugarcane cultivated land had highest soil micronutrient
contents as compared to the virgin land uses types might be
due to enhanced microbial activity and mineralization of
micronutrients from remaining residues after harvest during
cultivation of sugarcane fields. The relatively higher
concentrations of Fe and Mn ions in soils of cultivated land
may be attributed to intensive rainfall which exposes soils to
excessive leaching of exchangeable basic cations, and causes
the predomination of acidic cations such as AI’" Fe’* and
Mn®" ions in to the soil. In line with this, Han et al. [91]

reported higher solubility, availability and plant uptake of
micronutrients such as Fe’* and Mn®" in acidic soil
conditions.

As per the critical rating recommended by Jones [92],
the contents of all micronutrients were high in all land use
types. The solubility, availability and plant uptake of
micronutrient cations (Cu, Fe, Mn and Zn) are more under
acidic conditions. As suggested by Jone [92] at low pH
values solubility of micronutrients is high while at high
pH solubility and availability of micronutrients to plant is
declining.

Table 9. Effect of soil depth on micronutrients (Fe, Cu, Mn, and Zn) and exchangeable acidity.

Micro nutrients (mg/kg)

SMUG Soil Depth Fe Cu Mn Zn Acidity (meq/100g)
0-30 130.26° 3.39 104.68 1.53 0.03
Luvisols 30-60 114.38° 2.84 95.42 1.20 0.024
LSD (0.05) 9 Ns Ns Ns Ns
CV% 6.6 25.8 12 29.5 24
0-30 151 4.27 100.67 1.30 0.04
30-60 129 3.80 87.40 1.20 0.03
Vertisols
LSD (0.05) Ns Ns Ns Ns Ns
CV% 21 28.8 25.5 22 29.5

SMUG =soil management unit groups, Fe= Iron, CU =cupper, Mn =manganese, Zn= zinc, LSD=list significant difference, CV= coefficient of variation.

Considering the effect of soil depth; in both soil
management unit groups the soil micro nutrients such as
Fe, Cu, Mn and Zn was significantly (p<0.05) affected by
soil depths (Table 9). The results of the study also
indicated that the contents of all these micronutrients (Fe,
Cu, Mn, and Zn) were higher at the surface layer than in
the subsoil layer in both soil management units. The

higher content of micronutrients of this study at surface
layer than sub surface layers might be due to better
accumulation of organic residual material and low soil pH
at top layer. In line with this, Tesfaye et al. [93] suggested
that the presence of organic matter in top layer could be
promoting the availability of micronutrients better than
subsoil layer.
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Table 10. Correlation analyze among selected soil physicochemical properties.

Sand Clay Silt Bd Tp PH Ca Mg CEC Na K oC Avp TN
Sand 1
Clay -0.96" 1
Silt -0.15™ o 1
Bd 0.06™ -0.07™ 0.25™ 1
Tp -0.05" 0.06™ 0.25™ -1 1
PH -0.10 0.06™ 0.51 -0.16™  0.16™ 1
Ca 0.08" 0.13™ 0.44" -0.22 023 021" 1
Mg 037 -0.31™ 029" 045" 046 0.11™ 044 1
CEC  0.29™ 0.19™ -0.3" -0.3" 0.31™ 029  0.04™ 026" 1
Na 0.02™ 0.05™ -0.19"  -0.51" 05" -0.08™  0.08™ 0.31™ 0.36™ 1
K 0.46" -0.35m -0.33 0.2 0.2 -0.09™  0.16™  0.31®  033ns  0.34™ 1
ocC 0.13™ 0.07™ 0.02™  -0.7" 071" 0.04™ 0.19™ 041 0.49" 0.44" 045" 1
AVP  0.13™ 0.31m™ 033"  -0.67"  0.68" 0.09™ 0.37" 0.52" 04" 0.37" 04" 0.62" 1
TN -0.13" 0.10™ -0.01™  -0.32"™ 032"  -0.35™  0.1™ 0.29™ 043" 0.18™  0.02™ 025" 04" 1

Bd= bulk density, TP=Total porosity, Ca=Calcium, Mg =magnesium, CEC=cation exchange capacity, K=potassium, OC=organic carbon. AVP=Available

phosphorus, TN=Total nitrogen, ** more significant at p<0.01,*significant at p<0.05 and ns=non significant.

4. Conclusion and Recommendation
4.1. Conclusion

The result of this study showed that in both soil
management units’ soils under sugarcane cultivation lands
have higher clay and lower sand contents as compared to the
virgin land. In all land uses, sand content decreased with soil
depth in contrary to clay content. Moreover, the highest bulk
density value of soils for long year sugarcane cultivated
fields under low organic matter content induced soil
compaction and the bulk density and total porosity values of
all cultivated fields were out of optimum range for sugarcane
production. The available water holding capacity of the
surface soils of the study area was in the range of high for all
long-term cultivated fields and optimum for sugarcane
production.

The analysis result further indicated that the soil was in the
ranges of slightly acidic to moderate acid. In both soil
management units of the estate the relatively lowest soil CEC
was recorded for long years cultivated land use. Beside this,
in terms of organic carbon, total nitrogen and available
phosphorus content the fertility status of study area soils was
low.

From these findings one can conclude that the low soil
porosity and high soil bulk density values of long year sugar
cane cultivated land indicates presence of soil compaction
and sustainability problem for sugarcane production in the
estate. Low OC noted under the cultivated land may be
resulted in to low availability of plant nutrients and
unsustainable farming practices, which require management
practices that improve these conditions. It is also possible to
conclude that the low soil total N in the study area of all
lands under long year sugarcane cultivated fields indicates
presence of high rates of microbial decomposition and
nitrogen transformation which can cause sustainability
problem to sugarcane production in the estate.

4.2. Recommendation

There is a strong need to use appropriate assessment
techniques to determine soil compaction effects and its
amelioration processes. The most robust assessment tools
should be determined to critically evaluate the status of soil
compaction for designing management strategy. To maintain
sustainability of sugarcane production in the estate soil
management practices that can increase soil organic matter,
total nitrogen and available phosphorus is helpful. Therefore,
to develop more general recommendation further research
studies are needed.
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