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Abstract

Information about effects of different land use systems on soil physico-chemical properties is crucial for best land
management practices. This study was, therefore, conducted to evaluate the same on Nitosols of Achefer District,
Northwestern Ethiopia. The landuse systems studied included grassland, cultivated land, plantation forest and
natural forest. The research was superimposed on land use systems that were located nearby on similar soil,
contour line and slope classes. Undisturbed core and disturbed composite soil samples were collected randomly
from two sites with three replications for each landuse system at two varying depths (0-15 cm and 15-30 cm). The
undisturbed soil samples were analysed for bulk density, particle density, porosity and moisture content at
different pressures; while the composite soil samples were analyzed for pH, organic carbon, total N and available P.
Results of the study indicated that the lowest bulk and particle densities, the highest total porosity, and higher
moisture content at both field capacity and permanent wilting percentage were found under natural forest land use
system. In contrast, the highest bulk and particle densities, the lowest total porosity and lower water contents at
both field capacity and permanent wilting percentage were obtained under the cultivated landuse system. Soil pH
was moderately acidic under all landuse systems. The lowest organic carbon, total N, and C:N ratio were recorded
under cultivated land; whereas the highest values of the same parameters were found under natural forest. In all
landuse systems, organic carbon and total N decreased with soil depth. The highest and lowest available P contents
were recorded under natural forest and grassland, respectively. From the results of the study it was possible to
conclude that conversion of forest lands to cultivated and grasslands had detrimental effects on the soil
physico-chemical properties under subsistance farming systems of the study area. It is, therefore, recommended
that appropriate and integrated land management options for different land use syetems are required to sustain
agricultural productivity while protecting the environment.
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1. Introduction

Rapid increase in population demands more production of food, fodder, fiber and fuel from the land. Highlands of
Ethiopia, with altitude above 1500 meters above sea level (m.a.s.l), are the dominant sources of water, crop
production and fodder. They are densely populated and hold about 90% human and about two-thirds of livestock
population. The highlands cover about 50% of the land area with 95% of the cropping land accounting for over 90%
of the country’s economy (Gete, 2002). To meet these needs, vast tracts of land are being put under intensive
cropping and large areas of grasslands are being overgrazed and degraded in Ethiopia. Additionally, new and often
marginal lands are being brought into production. Soil resources are finite, non-renewable and prone to
degradation through misuse and mismanagement (Lal, 2000). In addition, intensive agriculture, combined with
dynamic population and long-term exploitative farm practices, have led to the continuous depletion of the natural
vegetation cover and over-utilization of land resources. Moreover, due to an increasing demand for firewood,
timber, pasture, food, and residential dwelling, the hardwood forests are being degraded or converted to cropland
at an alarming rate in the study area. Under such situations, soil degradation is inevitable (Ronggui, 2001).
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Forest cover in the Ethiopian highlands as a whole decreased from 46% to 2.7% of the land area between the
1950s and the late 1980s (USAID, 2004). Though the forest resource is very limited, its demand remains high.
According to the Ethiopian Forestry Action Programme (EFAP, 1994), the national demand for woody biomass
was estimated at 50 million m®, of which 90% is in the form of fuel wood. The supply was estimated to be only
14.4 million m’, indicating a deficit of some 35.6 million m® or 71% of the demand (ADF, 2001).

Environmental degradation caused by inappropriate land use is a worldwide problem that has attracted attention
in sustainable agricultural production systems (Vagen et al., 2006; Khormali & Nabiollahy, 2009). Soil nutrients
are closely related to agricultural land use types and their associated management practices (Agbede, 2010;
Wang et al., 2010). There is considerable concern that land use change could alter cycles of soil carbon (C)
(Houghton, 1999) and nitrogen (N) (Potter et al., 1996). Agricultural cultivation is known to decrease carbon
storage (Davidson & Ackerman, 1993; Solomon et al., 2002), and result in a net flux of carbon to the atmosphere
(Schlesinger, 1984). Moreover, successful crop production requires the sustainable use of the soil resource,
because of the decline in soil quantity within a short period of time. Hence, it is apparent that restoration of
marginal lands has high priority. However, it is possible only through a good understanding of the physical,
chemical and biological properties and the resilience characteristics of the soils (Brady & Weil, 2002). The study
area is facing the problems of deforestation, overgrazing, poor soil management and severe erosion. For combating
and minimizing the on-going soil degradation and enhance land productivity through sustainable use of soil
resources, it requires understanding the soil physico-chemical characteristics of different land use systems.
However, very little information is available about the study area. Therefore, the present study was undertaken to
evaluate the effect of different land use systems on selected physical and chemical properties of different land use
systems on Nitosols of Achefer District, Northwestern Ethiopia.

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

The study was conducted at Abechikeli Mariam and Aferfida Georgis rural villages in Achefer District, West
Gojjam Zone of the Amhara National Regional State (ANRS), Northwestern Ethiopia (Figure 1). The center of the
District is situated at 11°21’ N latitude and 36°56" E longitude, 486 km north-west of Addis Ababa and 60 km south
of Bahir Dar, the capital of ANRS. The District has altitude ranging from 1500-2500 m.a.s.1.; mean total annual
rainfall of 1530 mm; and mean monthly minimum and maximum temperatures are 8.4 and 28.0°C, respectively.
Soils of the study area are grouped as Nitosols (Mesfin, 1998).

Amhara National Regional State
Achefer District

Ethiopia

Figure 1. Location of the study area

2.2. Research Methodology

The research was superimposed on land use systems that were located on adjacent fields of similar soil types,
contour line and slope classes. The different land use systems covered in the research were the following.

1) Cultivated land under rain fed maize production for nine years under lower inputs;
2) Grassland with communal grazing areas having no cultivation for more than 26 years;
3) Natural forest (church forest) for more than 50 years;
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4) Plantation forest under Eucalyptus camaldulensis since 1998.

The four land use systems were selected at two sites (Abechikli Mariam and Aferfida Georgis). Composite soil
samples of the two sites were collected randomly from the four land use systems at two depths (0-15 and 15-30 cm).
Undisturbed core samples were also collected from the surface layers of the four land use systems using a core
sampler to determine the bulk density (BD), particle density (PD), total porosity, field capacity (FC), permanent
wilting percentage (PWP), and total available water content (AWC). The BD was determined as the ratio of
oven-dry soil mass to its volume (Blake & Hartge, 1986) and PD was estimated by pycnometer method (Barauah
& Barthakulha, 1997). The values of BD and PD were used to compute the total porosity. Soil moisture contents
(SMC) were determined at water potentials of -33 kPa bar for FC; and -1500 kPa for PWP using pressure
membrane apparatus. Available water was computed by subtracting the SMC content (%) at PWP from SMC
content (%) at FC (Klute, 1965) and expressed as depth of water for respective soil sampling depth.

Additionally, triplicate disturbed composite samples for each study unit were collected for a total of forty eight
samples were collected for the study. These samples were used to analyze soil chemical properties. Soil pH was
measured potentiometrically in a 1:2.5 soil-water solution, using a combined glass electrode pH meter (Thomas,
1996). Total N content in the soil samples was determined by Kjeldahl method (Jackson, 1958), soil organic
carbon (OC) by wet oxidation method (Walkley & Black, 1934) and available P by Olsen method (Sahlemedhin &
Taye, 2000).

2.3 Statistical Analysis

Analysis of variance (ANOVA) test was done to see the presence of significant difference among the treatments.
In conditions where there was significant difference, mean comparison was performed with Duncan’s multiple
range test (DMRT) using SAS software (SAS, 1997).

3. Results and Discussion
3.1. Soil Physical Properties

The results of soil analyses on bulk density (BD), particle density (PD) and total porosity (TP) of different land use
systems at the two sites are presented in Table 1. The highest BD (0-15 cm) was found in the cultivated land at both
Abechikeli Mariam (1.41 Mg m™) and Aferfida Georgis (1.40 Mg m™) followed by the soil under Eucalyptus
plantations. In contrast, the lowest BD values of 1.18 and 1.08 Mg m™ were observed under the natural forest at the
respective sites. The high bulk density under cultivated lands was due to the trampling effects. The results were in
agreement with that of Islam and Weil (2000). The grassland had lower bulk density than the cultivated land which
could be due to restricted grazing at the grassland to harvest fodder and free grazing on crop lands after harvest and
continuous ploughing at the same depth of cultivated lands. Evrendilek et al. (2004) also reported that conversion
of grassland into cultivated land during a 12-year period increased BD by 10.5% but decreased TP by 9.1%.
Moreover, in uncultivated land, there was relatively higher organic matter (OM) making the soil loose, porous and
well-aggregated that might have reduced the BD. The BD was negatively correlated with OM (r = -0.97***) and
increased with soil depth for all land use systems. Similar results were reported by Celik (2005).

At both sites, the particle densities of the different land use systems were significantly different, except between
grassland and Eucalyptus plantation (Table 1). The highest PD of 2.6 and 2.63 Mg m™ were recorded at 15-30 cm
(cultivated lands), whereas the lowest were at 0-15 cm (natural forest) of the Abechikeli Mariam (2.41 Mg m™) and
Aferfida Georgis sites (2.40 Mg m™). In unprotected cultivated lands, the finer soil particles will be selectively
removed by erosion, thereby increasing the proportion of the coarser particles in the soil which leaves more sand
particles (Ayoubi et al., 2011) that increases particle density. In similar soil types, keeping other things constant,
soils with higher proportion of sand particles have higher particle density than otherwise (Brady & Weil, 2002).
Particle density increased with depth, which could be due to the reduction of soil OM with increasing depth. High
values of total porosities (63.47 and 66.98%) were found at 0-15 cm depth under the natural forest, whereas the
lowest values (45.63 and 45.58%) were obtained at the 15-30 cm depth under cultivated land of Abechikeli
Mariam and Aferfida Georgis sites, respectively. Porosity decreased with soil depth which could be attributed to
accumulation of organic matter in surface soil under natural forest.
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Table 1. Soil bulk density, particle density and total porosity under the different land use systems and soil depths at
Abechikeli Mariam and Aferfida Georgis sites of Achefer District, Northwestern Ethiopia

Abechikeli Mariam" Aferfida Georgis'
BD PD TP BD PD TP

Land  use = o 3 0
ype (Mg ) %) (Mg ) %)

0-15 1530 0-15 1530  0-15 1530 0-15 15-30 0-15 15-30  0-15  15-30

cm cm cm cm cm cm cm cm cm cm cm cm
Grass land 1.23°  131° 246° 254° 49.65° 48.42° 123° 132° 246 2.56° 49.99° 48.49°
Eﬁg”ated 1410 145" 259" 265"  45.63° 4509° 1.40° 1.46° 2570 263"  4558° 4455
Eucalyptus ) ogb 340 agb 251 4805 4675 1300 1350 248" 2.51° 4744°  4635°
plantation
Ifi?;‘;ial L1840 113°  241° 2465  63.47° 5406 1.08% 118  240° 2.46° 6698 51.95°

" Means within a column followed by the same letter are not significantly different at p < 0.05;
BD = bulk density; PD = particle density; TP = total porosity.

At field capacity (FC), natural forest retained the highest moisture content of 35.67 and 35.98% at 15 to 30 cm
while the lowest moisture content of 30.78 and 33.12% at the same depth were observed under the natural forest
and cultivated land of Abechikeli Mariam and Aferfida Georgis sites, respectively (Table 2). Cultivation
deteriorates soil structural aggregation reducing the soil water retention capacity (Wekene, 2001). The moisture
content at FC of Abechikeli Mariam site negatively correlated with BD and PD (r = -0.86**and -0.96*** at 0-15
cm depth; and r = -0.88** and -0.78** at 15-30 cm depth, respectively). On the other hand, it was positively
correlated with OM and total N (r = 0.91*%** and 0.92*** at 0-15 cm depth; and 0.82** and 0.79** at 15-30 cm
depths, respectively). Soil moisture content at FC for all land use systems showed an increasing trend with depth.
The highest water content at permanent wilting point (PWP) of 22.30% and 23.28% were found under the natural
forest of Abechikeli Mariam and grass land of Aferfida Georgis, respectively; whereas the lowest values (20.42%
and 21.14%) were found under the cultivated land at Abechikeli Mariam and forest land of Aferfida Georgis sites,
respectively.

Total available water was the highest in natural forestland followed by grassland in both soil sampling depths and
sites. Higher clay and OC provided large surface area required for absorption and retention of water molecules
(Materechera & Mkhabela, 2001). Natural forest soils have more available water holding capacity compared to
the cultivated lands (Ayoubi, 2011). It is apparent, however, that soils with clayey texture have high moisture
retention at field capacity and at permanent wilting point making the available water to crops to be lower than loam
textured soils (Brady & Weil, 2002).

Table 2. Soil moisture content of different land use systems and depths at Abechikeli Mariam and Aferfida Georgis
sites of Achefer District

Land use Abechikeli Mariam Aferfida Georgis
Moisture content*
FC (%) PWP (%) AWC (mm) FC (%) PWP (%) AWC (mm)
0-15 1530 0-15 15-30 0-15 15-30 0-15 1530 0-15 1530 0-15 15-30
cm cm cm cm cm cm cm cm cm cm cm cm
Grass land 3438 36.22° 2198 2323 22.88b 25.53a  34.43°  35.69° 22.56° 2328 21.90b  24.57b
Cultivated 30.78"  32.80°  20.42°  21.55°  21.91a 2447b  33.12° 33.71° 22.64° 2247° 22.01b 24.62b

land

Eucalyptus 3322 34.17° 2128 2245® 23.10c  23.56c  33.93"®  34.87° 22.62*° 22.30° 22.05b 25.45a
plantation

Natural forest ~ 35.67°  37.07°  22.30  23.03* 23.66a 25.90a 33.86™ 3598  21.14® 2247° 23.09a 25.33a

“Means within a column followed by the same letter are not significantly different at p < 0.05;

FC = field capacity; PWP = permanent wilting point; AWC = available water.
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3.2. Soil Chemical Properties

The highest soil pH values of 5.61 and 5.52 in surface soil were found under the grassland; whereas, the lowest pH
values of 5.06 and 5.01 were registered under the Eucalyptus plantation at Abechikeli Mariam and Aferfida
Georgis sites, respectively (Table 3). The soil pH range of 5.01-5.61 indicated moderately acidic soil condition
under all the land use systems. Soils under Eucalyptus plantations were more acidic, owing to more uptakes of
basic cations by the trees and poor return rate to the soil. The relative decline in soil pH at the soil surface of the
soils under Eucalyptus plantation and natural forest land could be also due to oblong shaped canopy leading the
rain to form big drops consequently enhancing leaching of basic cations as well by releasing organic acids
associated with mineralization of organic matter (Mohammed et al., 2005). Soil pH increased consistently with
depth in all land use systems. This pattern of variability in soil pH suggested the increase in bases with increase in
depth that could be attributed to the downward movement of solutes by leaching within a profile (Mohammed et al.,
2005). Malo et al. (2005) also reported that the increase in pH with soil depth could be associated with enhanced
carbonate levels and less weathering rates.

The organic carbon (OC) content varied widely under different land use systems. At 0 to 15 cm soil depth, it
ranged between 0.92 in cultivated land at Aferfida Georgis to 4.94% in the natural forestland at Abechikeli Mariam
(Table 3). Based on the ratings of Landon (1991), it was very low in cultivated land and medium under natural
forest land. The OC contents at both depths were higher at the natural forestland than the cultivated land at both
sites. It could be attributed to improved aeration that promoted mineralization of OC or owing to the little or no
return of plant residues and manures into the soils. The conversion of forest ecosystem to other forms of land cover
may decrease the stock of OC due to changes in soil moisture and temperature regimes, and succession of plant
species with differences in quantity and quality of biomass returned to the soil (Offiong & Iwara, 2012).
Evrendilek et al. (2004) showed that deforestation and subsequent cultivation decreased organic matter by 48.8%.
Moreover, the conversion of forest into cropland is known to deteriorate soil physical properties and making the
land more susceptible to erosion since macro-aggregates are disturbed (Celik, 2005). OC is a powerful indicator
for assessing soil potential productivity (Shukla et al., 2006). The relatively higher OC in soils at upper depth in
all land use systems could be due to relatively better return of biomass for decomposition at the surface. Wakene
(2001) also reported surface soil horizons to be more biologically active in the soil systems.

Total N contents of the soil were highly affected by the different land use systems. Total soil N at 0 to15 cm depth
varied from 0.07% under cultivated land at Aferfida Georgis to 0.26% under natural forest land at Abechikeli
Mariam and declined with depth. The presence of dense vegetation affords the soil adequate cover thereby
reducing the loss in macro and micro nutrients that are essential for plant growth and energy fluxes (Iwara et al.,
2011). Its status was low in the cultivated land, eucalyptus plantation at both depths and sites and grassland at 15 to
30 cm in both sites. Medium total N was registered under natural forestland at Aferfida Georgis at both soil depths
and at the upper depth of Abechikeli Mariam. Moreover, the N content of natural forestland at 0 to 15 cm at
Abechikeli Mariam could be rated as high (Havlin et al., 1999). Ayoubi et al. (2011) reported that natural forest
soils had more TN as compared to the cultivated lands. Heluf and Wakene (2006) recorded the highest total N on
surface soil layers of virgin lands compared to research and farmers’ fields. Total nitrogen decreased consistently
with depth under all land use systems corresponding to the findings of Gong et al. (2005), Geissen and Guzman
(2006) and Alemayhu (2007). Total nitrogen had positive and significant correlation with organic carbon content
of the soil (r =0.99**) at both soil depths and sites. Fisseha (1992) reported highly significant correlation (p<0.01)
between nitrogen and organic matter contents of Vertisolss at Shoa Robit (r = 0.90), Debre Zeit (r = 0.96) and
Sheno (r = 0.99) sites of Ethiopia.

The available phosphorus (AP) content of all land use systems ranged from 2.61-4.91 (0-15 cm soil depth) and
1.88-3.70 mg kg™ (15-30 cm soil depth) revealing that all soils were deficient in AP according to Thomas (2000).
Among the land use systems, the natural forestland contained relatively higher concentration of AP as a result of
high organic matter which released phosphorus during its mineralization. AP in all land use systems decreased
with increasing soil depth. This could be due to the increased clay and reduced OM content with increasing depth
of'the soil. Organic compounds in soils increase P availability by the formation of organophosphate complexes that
are more easily assimilated by plants, anion replacement of H,PO, from adsorption sites, the coating of Fe/Al
oxides by humus to form a protective cover and reduced phosphorus fixation. Moreover, decomposing of OM
releases acids that increase the solubility of calcium phosphates (Ahn, 1993; Thompson & Troeh, 1993; Havlin et
al., 1999). Available P was positively correlated with OC at 0 to 15 cm soil depth (r = 0.68**; r=0.72 **) and 15
to 30 cm soil depth (r = 0.61**; r = 0.63**) for Abechikeli Mariam and Aferfida Georgis sites, respectively. The
results were in agreement with the reports of Yihenew (2002) who indicated that OC positively correlated with AP.
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Moreover, Berhane and Sahlemedhin (2003), Zewdu et al. (2004) and Tuma (2007) reported that available
phosphorus contents of the surface soils were higher than that of sub soils.

Table 3. Selected soil chemical properties of different land use systems of Abechikeli Mariam and Aferfida
Georgis sites of Achefer District

Abechikeli Mariam” Aferfida Georgis”

Land Use pH oC TN AP pH oC TN AP
(1:2.5 (%) C:N (mg (1:2.5 (%) C:N (mg
s0il-H,0) ke)  oil-HL0) ke™)

0 to 15 cm depth

Grass Land 561 284" 0.17° 16.7°  2.67° 552 2.80° 0.15° 18.7°  2.61¢

Cultivated 537° 099 0.08¢ 119  3.15¢ 521° 092 0.07* 1319 3.26°

Land

Eucalyptus 5.06° 195 0.13° 14.7°  3.84° 501°  1.93° 0.11° 1755  3.84°

Plantation

Natural Forest 507 4.94* 026° 19.0°  497° 5.09° 493" 023" 214" 486

15 to 30 cm depth

Grass Land 583" 1.29° 0.09° 1437°  1.96° 580  1.31° 0.11° 11.91°  1.88¢

Cultivated 564°  0.61° 0.06° 10.17° 277 555 0.64° 0.07° 9.14° 286

Land

Eucalyptus 528" 1.10° 0.08" 13.24°  2.19° 529°  1.07° 0.10° 10.70°  2.25°

Plantation

Natural Forest 540°  3.03* 0.18" 16.86  3.70° 536° 293" 0.17° 17.23*  3.49°

" Means within a column followed by the same letter are not significantly different at p < 0.05;

OC = Organic carbon; TN = Total nitrogen; C/N = carbon to nitrogen ration; AP = Available P.

4. Conclusions and Recommendations

From the study, it was possible to conclude that soil physico-chemical properties significantly vary among land use
systems. It was apparent that shift in land use systems from natural forest to other land use systems had detrimental
effect on soil physical and chemical properties. Due to population pressure, large tracts of forest lands in Ethiopia
had been converted to cultivated and grazing lands and some are put under artificial plantations dominated by
eucalyptus species. Therefore, the remnant forests mainly found around church compounds could be used as
benchmarks to evaluate our land resources. It is recommended that different integrated land management should be
practiced to different land use systems to overcome land degradation and achieve sustainable agricultural
production in cultivated lands of the study area. Moreover, attention should be given to aforestation schemes to
combat land degradation and contribute towards mitigating climate change.
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