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Abstract

Land degradation such as declining soil fertility is the main cause for poverty in rural areas of developing countries due to
reduced land productivity. To tackle the effect of soil degradation on agricultural production, soil and water conservation
(SWC) measures such as bench terraces have been installed at large scale in Ethiopia highlands. However, the effects of
such bench terraces on the evolution of selected soil properties are less studied. Thus, the overall objective of this study
is to evaluate short-term effects of bench terraces on soil properties. Four terraced hillside farming sites and four adjacent
control sites were purposely selected at Teshi, Ruba Feleg, Mechael Emba and Enda Chena of the Tigray region. For each
selected site, three representative hillslope classes at foot slope, middle slope, and upslope positions were identified for soil
sampling. Soil physico-chemical properties were analyzed using standard laboratory procedures at regional soil laboratory
research center. The results revealed remarkable effects of bench terraces on rehabilitation of the degraded soils. However, its
installation can also induce considerable negative impacts on soil fertility during the first few years due to soil translocation
and exposure of subsoils. The results indicated that aggregate stability and soil pH values for most of the hillside farming
sites have shown a significant difference (p <0.05) among upslope, middle and foot slopes positions and control sites which
would be explained by erosion and leaching in the upslope and enrichment of base forming cations and clay at foot slope
positions. High proportion of large aggregates size is observed at both Teshi and Ruba Feleg hillside farming sites compared
to their corresponding control sites. The soil organic matter (SOM) content, total nitrogen (TN) and available phosphorous
(Av.P) at Teshi site, TN at Ruba Feleg site, TN and Av.P at Michael Emba site and SOM and Av.P at Enda Chena hillside
farming site are significantly different (p < 0.05) among the three slope classes of the sites and the corresponding control site.
Moreover, mean SOM content and Av.P at Ruba Feleg site and SOM content at Michael Emba site have shown a significant
difference (p <0.05) among the three slope classes and the control sites except between upslope and middle slopes. Generally,
the installation of bench terrace combined with soil fertility management practices such as application of organic manure
and compost are important positive operation for changing most unproductive mountains and hillslopes into productive
landscapes while contributing towards a sustainable land management in the area. This study provides important evidences
on the effects of bench terraces on soil physical and chemical properties of the area to land managers and decision makers
to aid sustainable land management practices in similar environments.

Keywords Bench terraces - Soil erosion control - Hillside farming - Landscape restoration - Soil fertility status - Soil
nutrient enrichment
Introduction

Land degradation caused by soil erosion is one of the most
serious environmental problems affecting resource-poor

D<1 Shimbahri Mesfin tropical hillside farmers (Budry and Curtis 2007). Land deg-
shimbahri.mesfin@mu.edu.ct radation is a major cause for poverty in rural areas of devel-
Extended author information available on the last page of the article oping countries particularly in the drylands of sub-Saharan
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Africa. The immediate consequence of land degradation
is reduced soil fertility and crop yield followed by eco-
nomic decline and social stress (Tadele et al. 2013). Natural
resources degradation such as soil fertility depletion is one
of the most important challenges of Ethiopian small holder
farmers (Haileslassie et al. 2005). This leads to less produc-
tivity of the agricultural lands as a result of declining of soil
fertility and reduced its water holding capacity (Lema et al.
2016). The severity of soil erosion in the Tigray region and
in Ethiopian highlands in general, is the result of the moun-
tainous and hilly topography (Haile et al. 2006), torrential
rainfall (Nyssen et al. 2005) and low vegetation cover due
to long dry period and soils with low organic matter con-
tent (Taye et al. 2013; Lema et al. 2017). In many parts of
Tigray, there is limited cultivated land and hence landless
farmers have been forced to constantly cultivate new and
more marginal areas on slopes leading to accelerated soil
erosion and low water holding capacity of these shallow
soils (Gebremedhin et al. 2017).

Similar to the small holder farmers in sub-Saharan Africa,
the Tigray region of the northern Ethiopia also faces twin
problems of increasing population pressure which forced
farmers to continuously farm on very limited croplands and
marginal areas. Increased deforestation and continuous culti-
vation combined with limited agricultural inputs led to deg-
radation processes such as declining soil fertility, accelerated
soil erosion by water and siltation of irrigation and hydro-
power reservoirs (Haregeweyn et al. 2008; Vanmaercke et al.
2010; Lema et al. 2017). Several initiatives of land manage-
ment interventions have been implemented to address land
degradation in the Ethiopian highlands (Nyssen et al. 2008;
Haregeweyn et al. 2015). These interventions are usually
technical SWC activities such as building stone bunds (Taye
et al. 2013), gully reclamation using check dams (Etefa et al.
2017), exclosures and planting trees (Descheemaceker et al.
2006; Mekuria et al. 2007). On the other hand there are
many hilly and marginal areas which are not suitable for
agricultural purposes due to their natural conditions such as
steep slope, low soil fertility and limited water availability.
Installation of bench terraces on these hilly areas is, there-
fore, important to create suitable environment for hillside
agricultural development through fruit planting or other
crops to meet both conservation and production require-
ments. Bench terraces are horizontal human-made spaces
created to allow cultivation and cropping on sloping terrains
such as on hills and mountains. Terraces have been practiced
in Tigray region as a key management strategy to minimize
climate or human-induced disasters in those fragile land-
scapes through the initiatives of local farmers, governmental
and non-governmental organizations (Tadesse et al. 2016)
to transform unproductive landscape into productive land
uses. Since bench terrace reduce slope steepness and length
by dividing hillslopes into short gentle segments, it strongly
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affects soil hydrology, biogeochemical cycles and hence veg-
etation growth. Terracing has been used to conserve water,
alleviate flooding risks, reduce erosion, enhance high-quality
fruit products create croplands and restore degraded habitats.
More recently, this practice has been found to improve other
ecosystem services such as carbon sequestration, soil fertil-
ity and food security.

Accordingly, the Tigray regional state has developed the
hillside guidelines and many hilly areas have been conserved
with bench terraces and distributed to land less youth farm-
ers to achieve sustainable agricultural production and natural
resources managements (Tadele et al. 2013). However, this
construction of bench terraces translocated existing and rela-
tively fertile topsoil, exposing low fertile subsoil to surface
and mix-up soils having different soil properties. Moreover,
the land less farmers who practiced hillside farming sug-
gested that the subsoil exposed to the surface is not suitable
for plant growth due to its low fertility. Based on the pre-
liminary survey and discussion with the beneficiaries, this
challenge is faced in the first few years after the installation
of bench terraces. Besides, though such bench terracing is
a new technology implemented in the study area, impacts
of such bench terraces on soil properties are less studied.
Thus, the overall objective of this study is to evaluate short-
term effects of bench terracing on selected soil physical
and chemical properties so as to enhance their sustainable
implementation in the region and other areas with similar
agro-ecology. Moreover, such impact monitoring is highly
demanded by land managers, decision makers and develop-
ment agents for enhancing its implementation at regional
scale and beyond.

Methodology
Study area

The study was conducted at Sahrti Samre, Atsbi Wen-
berta and Dogua Tembien districts of the northern Ethio-
pian highlands (Fig. 1). Sahrti Samre, Atsbi Wenberta and
Dogua Tembien districts are located in Tigray region at a
distance of 60, 65 and 50 kms away from Mekelle, the capi-
tal of Tigray to the Western, Eastern and North West part,
respectively.

The average altitude is 1950 m a.s.l. for Saharti Samre,
2500 m a.s.l. for Atsbi Wonberta and 2600 m a.s.l. for
Degua Tembien. The average daily air temperature for Sah-
rti Samre, Atsbi Wenberta and Dogua Tembien is 23, 16 and
17 °C with long-term mean annual rainfall of 558, 745 and
726 mm, respectively (Taye et al. 2013). The rainfall of the
study area is characterized with huge spatial and temporal
variability with more than 80% of the rainfall being concen-
trated during the main rainy season in June to September
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(Fig. 2) and the occurrence of droughts are also common in
the study areas (Nyssen et al. 2007; Taye et al. 2013).

Bench terrace description and characterization
hillside farming sites

Characteristics of the four selected treated hillside farming
sites are summarized in the table 1 with respect to their
environmental attributes. The area of the bench terraces
are characterized by contrasting geological formations
with slope gradients that ranges from 23.5 to 40.2%. Bench
terraces are a series of level or virtually level strips run-
ning across the slope at vertical intervals (Fig. 3) and are
supported by steep banks or risers. Installed bench terraces
in the study area allow the growing of permanent fruit
trees and variety of vegetables or crops in addition to con-
trolling of soil erosion and flooding from hillslopes. Imple-
mentation of bench terraces is crucial for reducing soil
erosion and enhancing agriculture productivity in regions
like the Ethiopian highlands, where mountainous areas
cover a significant portion of the landscapes (Ramos et al.
2007). Bench terraces are considered as one of the most
evident anthropogenic imprints on the landscape, cover-
ing a considerable part of terrestrial landscapes globally

(Krahtopoulou and Frederick 2008; Tarolli et al. 2014).
The main purposes of the bench terraces are to reduce the
slope length and gradient, preventing or minimize run-
off and water erosion (Lasanta et al. 2001) and converts
agriculturally non-suitable steep slopes into suitable agri-
cultural land. The bench terraces have great impact on
rehabilitation of the degraded land through restoring the
hillsides and preventing mass movement and landslides
from steep slopes that threaten the security of land pro-
ductivity. The different characteristics of the four hillside
farmings are described in table 1.

Site selection and sampling

Four hillside farming sites were purposely selected from
both south eastern and eastern zones of Tigray, north Ethio-
pia based on availability of similar management interven-
tions. Accordingly Teshi site was selected from Saharti
Samre district, Enda Chena was selected from Dogua Tem-
bien district, while Ruba Feleg and Micheal Emba were
selected from Atsbi Wenberta district (Table 1). Three rep-
resentative slope classes were selected from each hillside
for soil sample collection (Fig. 3; Table 1) at foot slope,
middle slope and upslope areas. These three slope classes

Fig.3 Location of soil sampling sites at the foot, middle and upslope positions of the four hillside farming sites: a Teshi, b Ruba Feleg, ¢

Michael Emba and d Enda Chena
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are different in terms of soil properties due to historical soil
erosion, deposition, and geological formation in some cases,
hence they need to be treated separately. In addition, a con-
trol site was selected at each hillside farming site, where no
terraces are implemented adjacent to the treated areas. Soil
samples were collected at 0—20 cm of the soil depth for each
transect of the treated and adjacent untreated hillslopes. Five
representative composite soil samples were collected per
transect at upslope (transect 1), middle slope (transect 2) and
foot slope (transect 3) of the hillside farming sites (Fig. 3).
A total of 15 composite and 15 undisturbed soil samples
were collected for analysis from each hillside farming sites.
Following a similar procedures, a total of 5 composite and 5
undisturbed soil samples were collected from the untreated
(control) adjacent hillsides to determine the soil properties
of the terraced hillsides in comparison with the correspond-
ing untreated slopes.

Soil analysis

Selected soil physical and chemical properties of the hill-
side farming sites were analyzed using standard methods of
soil analysis at regional soil laboratory research center. Soil
bulk density was determined using core method and soil
texture using hydrometer method (Gee and Bauder 1986).
Soil aggregate stability was determined using wet-sieving
(Cambardella and Elliott 1993) and calculated using (Eq. 1)
and mean weight diameter (MWD) using (Eq. 2).

%WSA = (Ma+s — Ms)/(Mt — Ms)) x 100 (1)

MWD = 2xi wi @
where %WSA is percentage of water stable aggregates;
Ma+ s is mass of resistant aggregate plus sand (g) and Ms
is mass of sand fraction alone (g) and Mt is total mass of the
wet sieved soil (g), Xi is mean diameter of each size fraction
(mm); Wi is proportion of the total mass in the correspond-
ing size fraction after deducting the weight of stones (up on
dispersion and passing through the same sieve).

Soil pH is determined using pH meter in 1:2.5 soil-water
ratio (Peech 1965), organic carbon (OC) content using
oxidation of organic carbon with potassium dichromate
(K,Cr,05) in a sulfuric acid (Walkley and Black 1934),
sodium and exchangeable potassium (Exc. K) using flame
photometer method (Jackson 1958), available phosphorus
(Av. P) using Olsen method (Olsen et al. 1954) and total
nitrogen (TN) content using Kjeidahl method (Bremner and
Mulvaney 1982) and Calcium (Ca) and Magnesium (Mg)
using titration methods.

Data analysis

All the collected data of the soil physical and chemical prop-
erties for the treated and their corresponding control sites
were analyzed using statistical package for social science
(SPSS) version 20. Mean differences among soil physical
and chemical properties of the hillside farming sites and
their controls were tested using ¢ test and the differences
among the slope classes were tested using analysis of vari-
ance (ANOVA). The relationships among the different soil
physical and chemical properties were also tested using
Pearson correlation coefficient.

Results and discussion
Soil physical properties

The results of soil physical properties revealed that though
there is slight variation in soil texture, it has shown that there
is no significant difference (p <0.05) in proportion of sand,
silt and clay content between the treated hillside farming and
the corresponding control sites (Table 2). This is because of
the fact that the hillside farming and control sites are situ-
ated on the same geological unit or geological formation
(Table 1) which is the reason for each site to have the same
soil textural classes. This suggests that, bench terrace con-
structions have less effect on the soil texture of the topsoil
at studied sites.

Table 2 Soil physical properties

A _ Hillside farming and control sites BD Sand Silt Clay Textural classes
of the treated hillside farming
sites compared to their Teshi 1.23a 34.33a 45.00a 20.67a Silt loam
corresponding control sites Teshi control 1342 2900a  51.00a  20.00a  Siltloam
Ruba Feleg 1.34a 23.33a 56.67a 20.00a Silt loam
Ruba Feleg control 1.24a 27.50a 55.50a 17.00a Silt loam
Micheal Emba 1.19a 39.83a 43.83a 16.33a Loam
Micheal Emba control 1.23a 24.50a 54.50a 21.00a Silt loam
Enda Chena 1.09a 48.17a 29.50a 22.33a Sandy clay loam
Enda Chena control 1.19a 55.00a 27.50a 17.50a Sandy loam

@ Springer

www.manaraa.com



Environmental Earth Sciences (2018) 77:399

Page7of 14 399

Since texture is an inherent soil physical property derived
from the texture of parent material, it is not surprising to
observe very little influences of bench terracing on soil tex-
ture in a short period of time compared to their correspond-
ing control sites. However, it was expected that during instal-
lation of bench terraces significant mass of fine earth can be
mobilized and mixed-up which resulted into insignificant
variations in proportion of sand, silt and clay in the entire
hillside farming sites. This is because the soil disturbance
due to exposure of subsoils to surface and burying of the
existing topsoil during cut and fills activities of the terraces
construction. This is in line with reported results by Mulug-
eta and Stahr (2010) and Tadesse et al. (2016), who showed
that though there are variations in proportion of sand, silt
and clay for the conserved and un-conserved sites of north
Ethiopia, the variations are not significantly different.

Aggregate size distribution and stability

The results presented in table 3 indicated that aggregate size
distribution and stability of the different slope classes of the
hillside farming sites and the controls sites are different and
have shown a significant differences (p <0.05). Results of
aggregate size distribution also showed that there is rela-
tively high proportion of large stable aggregates in soils of
both Teshi and Ruba Feleg hillside farming sites than their
corresponding control sites. This is attributed to better soil

management practices and better quality of bench terrace
installation as illustrated in Fig. 3.

Moreover, higher clay content of soils together with
higher soil organic materials provides a potential for sta-
bilizing the soil aggregates (Chivenge et al. 2007) due
to the binding effects (Fig. 4a, b). However, the propor-
tion of large aggregates size in Micheal Emba and Enda
Chena hillside farming sites were found to be lower than
the control sites. This is because of soil disturbance dur-
ing bench terraces installations, less ground cover and poor
soil fertility management practices. The smaller aggregate
sizes are useful indicators of soil degradation (Whalen and
Chang 2002). It also indicated that soil translocation dur-
ing bench terrace installation and manual soil tillage during
land preparation caused breakdown of the large aggregates
into smaller aggregates. These soil disturbances result into
higher proportion of small aggregates in the soils (Table 3)
of the hillslope treated with bench terraces. Moreover, the
results indicated that there is even more high proportion of
small aggregates size distribution for Micheal Emba and
Enda Chena hillside farming sites than their corresponding
control sites (Fig. 4c, d).

This is because during bench terrace construction there
is high soil disturbances and exposure of subsoil to surface
and burying of existing topsoils which results in low soil
aggregate stability and poor soil structure. After such a dis-
turbance, long time is required to build up soil organic mat-
ter and large size soil aggregates. The terraced areas are also

Table 3 Aggregate size distribution (MWD) and percentage water stabile aggregate (%WSA) at the three slope classes (upslope, middle slope
and foot slope) of the hillside farming and control site for 0-20 cm soil depth

Hillside farming sites Aggregate sizes (mm) MWD  %WSA
>4.75 2-4.75 1-2 0.5-1 0.25-0.5 <0.25
Teshi upslope 13.02b+1.2  21.63ab+0.4  26.12a+0.0 593a+0.2 11.21a+0.5 20.06b+2.4 190c  42.5¢c
Teshi middle slope 31.54a+11.5 19.05bc+3.5 17.19bc+3.9 552a+1.8 8.64ab+2.3 17.92b+6.6 2.53b  46.3b
Teshi foot slope 38.63a+7.4 23.04a+1.7 21.07bx1.5 424a+19 6.31b+3.2 550c+24 3.02a 52.7a
Teshi control 16.01b+0.0 16.09c+0.0  13.05c+0.0 5.65a+0.0 11.16a+0.0 27.95a+0.0 1.67d 39.4d
Ruba Feleg upslope 7.84b+1.6 10.25bc+0.3 20.78ab+19  7.90a+4.4 12.34ab+0.0 40.53a+29 1.25b  38.3b
Ruba Feleg middle slope 27.50a+9.5 14.20ab+0.8 19.67b+0.3  6.15a+1.9 9.01b+1.5 22.68b+13 223a 45.6a
Ruba foot slope 26.23a+2.7 16.61a+0.0  25.70a+19 8.60a+0.2 10.76b+04  11.66c+4.9 234a 46.0a
Ruba Feleg Control 10.13b+0.0 7.89¢c+0.0 18.85b+0.0 838a+0.0 1546a+0.0 38.80a+0.0 1.25a 38.9b
Michael Emba upslope 4.67b+0.0 7.696+0.0 23.76a+0.0 11.15a+0.0 21.07a+0.0 30.96a+0.0 1.08c  33.0c
Michael Emba middle slope  28.31a+0.0  11.80ab+0.0  20.54a+0.0  7.36b+0.0 12.84bc+0.0 19.34bc+0.0 2.21b  42.0b
Michael Emba foot slope 29.31a+0.0 14.80a+0.0  21.54a+0.0 9.36ab+0.0 17.00ab+0.0 25.00ab+0.0 2.42a  43.7b
Michael Emba control 27.18a+0.0 1493a+0.0 23.86a+0.0 7.86ab+0.0 11.57c+0.0 14.49¢+0.0 2.30ab 48.0a
Enda Chena upslope 0.43a+0.0 1.60b +0.0  11.70c+0.0 14.15a+0.0  32.67a+0.0 3838a+0.0 0.57b  22.0b
Enda Chena middle slope 1.69a+0.0 295b+0.0 14.81bc+0.0 14.63a+0.0 34.10a+0.0 31.73a+0.0 0.71b  24.0b
Enda Chena foot slope 5.87a+0.0 8.80a+0.0 22.17a+0.0 9.92a+0.0 21.33b+0.0 31.24a+0.0 1.15a 31.0a
Enda Chena control 7.50a+0.0 7.75a+0.0 19.88ab+0.0 9.63a+0.0 20.25b+0.0 34.15a+0.0 1.15a 31.0a

Aggregate sizes values with different letter(s) within same hillside farming site and its control indicates significant differences at (p <0.05),

where; MWD is mean weight diameter
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Fig.4 Mean aggregate size distribution for the four hillside farming
sites and their corresponding control site. Where: a Teshi hillside
farming (T) and Teshi control (TC), b Ruba Feleg hillside farming
(RF) and Ruba Feleg control (RFC), ¢ Michael Emba hillside farming

intensively cultivated immediately after the construction of
terraces by land less farmers which results in further soil
disturbance and breakdown of soil aggregates. The prob-
lem of soil aggregation could be reversed in a few years if
proper soil fertility management practices such as addition
of organic materials is implemented. Otherwise, the soil of
terraced areas remain with poor physical characteristics of
the soil such as poor structure, low hydraulic conductivity,
low aggregate stability and susceptibility of soil to crust-
ing and erosion (Andrew et al. 1995). Though bench ter-
races play important roles with respect to the conversion of
hillslopes into cultivable land and long-term sustainability of
natural resources, it has some negative consequences during
the first few years. On the contrary, the results have shown
that there is high proportion of large aggregate size in both
Teshi and Ruba Feleg hillside farming sites compared to
their corresponding control sites. This means, though the
four highslide farming sites have been treated at same time,
better soil fertility management practices implemented
in both Teshi and Ruba Feleg hillside farming sites after
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construction of bench terraces make the soils of these sites
to have better aggregate stability than their corresponding
control sites.

Soil chemical properties

Soil erosion has negative consequences on soil chemical
properties. The results presented in Table 4 revealed that a
significant (p < 0.05) differences in soil chemical proper-
ties between the hillside farming sites, where bench terraces
have been constructed compared to their corresponding con-
trol sites. Though, there exist different soil fertility man-
agement practices in the area, some of the hillside farming
sites treated with bench terraces are characterized by poor
chemical soil properties. This is mainly due to soil distur-
bance during the installation of bench terraces. The results
revealed that the mean values of soil pH for most of the
hillside farming sites have shown a significant (p < 0.05)
difference among upslope, middle slope and foot slope for
Teshi, Ruba Feleg and Michael Emba (Table 4). However,
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there is no significant (p <0.05) differences in soil pH
among the upslope, middle and foot slopes of Enda Chena
hillside farming site. The mean SOM content, TN and Av.P
in Teshi, TN in Ruba Feleg, TN and Av.P in Michael Emba
and SOM and Av.P in Enda Chena hillside farming sites are
significantly (p < 0.05) different among the upslope, middle
and foot slopes of the hillside farming and the control sites.

Moreover, mean SOM content and Av.P at Ruba Feleg
and SOM content at Michael Emba hillside farming sites
have shown a significant (p <0.05) difference among the
slope locations and control sites but not between upslope
and middle slope locations (Table 4). Though, there is a sig-
nificant difference in TN between the treated hillside farm-
ing site of Enda Chena and the control site, non-significant
(p>0.05) differences were found among the three slope
classes of Enda Chena site. Although, the age of bench ter-
races of all hillside farming sites is the same, they have dif-
ferent soil chemical properties which is attributed to differ-
ences in management practices of the hillside farming sites.

Though, construction time of bench terrace at all hill-
side farming sites is the same, there is higher SOM con-
tent, TN and Av.P at all hillside slope classes except for
Teshi compared to the control sites. This difference in SOM
content between the terraced and control sites is due to the
introduced soil management practices such as application of
manure and residues after bench terrace installations, intro-
duction of fodder species as integrated soil management
practices also attributed to such differences. Whereas, the
low SOM content, TN and Av.P at Teshi hillside farming site
is due to less application of organic materials and poor soil
management practices after the installation of bench terraces
(Table 5). At each hillside farming site, the SOM contents,
TN and Av. P of (upslope, middle and foot slopes) varies
due to the difference in plant coverage and management
practices and spatial differences of soil erosion before the
installation of bench terraces. The higher SOM content of
the treated hillside farming sites is attributed to the reduction
in soil erosion rate due to the installation of bench terraces
and biomass accumulations. This finding agrees with the

results reported by Million (2003) that stated an increasing
trend of soil nutrient contents from upslope to downslope
in the hillside farming areas. This is due to the effect of
soil nutrient translocation from upslope to foot slope of the
hillside farming site by water erosion processes. However,
some of our results agree with the results reported by Siriri
et al. (2005) that suggested soil nutrient is decreasing from
upslope to foot slopes of hillside farming sites which might
be attributed to variation in geological formation.

The mean values of the basic cations such as Ca in Teshi
and Ruba Feleg, Mg in Teshi, Micheal Emba and Enda
Chena, Na in Ruba Feleg, Micheal Emba and Enda Chena
and Exc. K in Teshi and Micheal Emba hillside farming
sites have shown a significant (p <0.05) differences among
the three slope classes and their corresponding control sites
(Table 4). Moreover, all cations except Ca in Micheal Emba
hillside farming sites have shown a significant (p <0.05)
difference among the three slope classes and the control
sites (Table 4). But some cations such as Mg and K in Ruba
Feleg and Ca and K in Enda Chena have shown a signifi-
cant (p <0.05) difference among upslope, middle slope, foot
slope and the control sites but not between middle slope and
foot slope of the hillside farming site (Table 4). Some con-
centration of the cations are significantly (p <0.05) increas-
ing from the upslope to foot slope of the hillside farming
sites. This is due to erosion and leaching of cations from
the upslope and accumulation and enrichment of these cati-
ons at the foot slope position of the hillside farming sites.
But, at some slopes of the hillside farming sites, concentra-
tion of the cations are decreasing from the upslope to foot
slope of the hillside farming sites. This finding is in contrast
with Tadele et al. (2011) who reported that non-significant
(p>0.05) difference in exchangeable bases among the dif-
ferent soil and water conservation measures. However, the
result reported by Zougmore et al. (2002) and Vancampen-
hout et al. (2006) is in line with with some of our observa-
tions that stated non-significant (p >0.05) difference in mean
value of exchangeable bases after 5 years of installation of
soil and water conservation structures in semi-arid areas.

Table 5 Soil chemical

. . Hill side farming sites pH EC oC OM TN Av.P Ca Mg Na Exc. K
properties of the four hillside

farming sites compared to the Teshi 6.89a 0.12a 1.60b 2.76b 0.08b 5.49b 6.57a 196a 12.31a 6.67a

control sites (mean + St.err.) Teshi control 634a 0.1a 18la 3.1la 0.0a 2230a 3.60b 2.40a 10.70b 4.90a

Ruba Feleg 598a 0.09a 1.18a 2.04a 0.07b 2.06a 4.97b 0.38b 11.85a 0.94b

Ruba Feleg control 6.23a 0.03b 0.72b 1.24b 0.12a 09la 6.15a 3.85a 14.15a 17.95a

Michael Emba 6.17a 0.10a 1.95a 3.36a 0.11a 4.37a 8.la 397a 13.45a 2.82b

Michael Emba control  6.06a 0.07b 1.23b 2.11b 0.08b 1.19b 6.95b 3.15a 9.79a  4.05a

Enda Chena 551a 0.07a 1.73a 2.99a 0.12a 2.76a 4.38a 2.15a 12.88a 4.25a

Enda Chena control 5.70a 0.03b 1.12b 1.93b 0.10a 1.14a 3.75a 1.40a 1.95b 3.55b

Values with different letter(s) within the same hillside farming site and its control indicates significant dif-
ferences at (p <0.05)
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Soils of the hillside farming sites treated with bench ter-
races contained slightly higher phosphorus and potassium
than soils of untreated hillslopes, which might be explained
by the soil disturbance during installation of bench terraces.
The mean pH values at all studied hillside farming sites are
not significantly (p <0.05) different from the control sites
(Table 5). This result is similar with the findings of Asadi
et al. (2010) who found a non-significant difference in soil
pH between soils on conserved dry farm land and degraded
rangeland of semi-arid areas.

The soil pH of all hillside farming sites and the control
sites are moderately acidic based on USDA (1998) soil pH
ratings, and is similar to the report of Alemayehu (2007)
for Anjeni watershed north western Ethiopia. This shows
that soil pH is not affected by the construction of bench ter-
races. Relatively lower soil pH values were obtained in Enda
Chena hillside farming site in a short-term. This is due to
the excessive rainfall that causes leaching of base forming
cations (calcium and magnesium), which is the major soil
nutrient management problem for the soils of humid trop-
ics. Moreover, the relatively lower pH value for the Enda
Chena hillside farming is attributed to the relatively lower
base saturation percentage and lower soil organic matter
content (Table 5). Results reported by Mulugeta and Stahr
(2010) have also indicated that tropical soils are deficient
in K*, Ca?* and Mg?*. While the highest pH values in
Teshi hillside farming is attributed to the presence of higher
exchangeable cations and clay content. Moreover, soil pH
could also be associated with the type of parent material,
extent of soil erosion and weathering.

The mean SOM content, total nitrogen (TN) and avail-
able phosphorous (Av.P) are significantly (p <0.05) differ-
ent in all hillside farming sites except TN and Av.P at Enda
Chena hillside farming sites (Table 5). SOM content, TN
and Av.P are higher in all hillside farming sites compared
to their corresponding control except in Teshi site and TN
in Ruba Feleg site. This is due to the introduction of soil

management practices such as fodder and fruit tree spe-
cies, application of manure and compost after installation
of bench terraces. However, the low SOM content found in
soils of some of the hillside farming sites could be due to
soil disturbance during bench terrace installation and poor
soil fertility management practices after their installation.
The same study revealed that SOM content of the hillsides
treated with bench terrace were higher compared to the cor-
responding non-terraced sites of similar slopes. This is due
to erosion of SOM content from the untreated control sites
(Siriri et al. 2005; Lema et al. 2016, 2017). Mulugeta and
Stahr (2010) also found higher average SOM content of
3.69% for conserved catchment compared to 2.24% for non-
conserved catchment. The mean concentrations of TN were
found very low at all hillside farming sites. This result is
similar with Mengel and Kirkby (1987) and Yihenew (2007)
that suggested nitrogen is the most deficient element in the
tropics for crop production. This is mainly due to low SOM
levels resulted from the removal of biomass, soils rich in
SOM are turned down during installation of bench terraces.
The higher Av.P in the hillside farming sites than the control
sites is due to the removal of phosphorous from untreated
control sites, conservation and accumulation of Av.P in the
hillsides farming sites treated with bench terraces. Moreo-
ver, the higher Av. P concentration is due to application of
manure and compost. But, the lower SOM, TN and Av.P in
some hillside farming sites than the control sites is due to
soil disturbance during installation of bench terraces and
poor soil fertility management.

The results revealed that all soil chemical properties
except Ca in Enda Chena, Exc. K in Teshi and Mg in Ruba
Feleg and Micheal Emba hillside farming sites are signifi-
cantly (p <0.05) higher than the control sites (Table 5).
Higher mean values of basic cations were obtained in all
hillside farming sites except for Ruba Feleg. This is due to
soil fertility management differences such as planting fodder
species and fruit trees which provide SOM to the soil and

Table 6 Pearson correlations Ca Mg  Na Exc. K pH EC OC SOM TN  AvP
among the soil chemical
properties for the four hillside Ca 1
ia;rtlel:;%o:;?z; r:(i)lilrf)llr sites Mg 0577 1
Na 0.26 0.21 1
Exc.K 0.05 0.28 0.25 1
pH 0.51"  0.19 0.04 0.18 1
EC 032 -0.14 0.18 -0.16 0.46" 1
oC 0.22 0.32 032 -0.29 0.02 032 1
SOM 0.22 0.32 032 -028 0.02 032  1.007" 1
TN —-0.03 0477 0.12 034" —045" -037" 037" 037 1
AvP  —027 0.14 —0.00 —0.02 0.29 030 038" 038 —003 1

*Correlation is significant at the 0.05 level (2-tailed)

**Correlation is significant at the 0.01 level (2-tailed)
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application of manure and compost. Moreover, these higher
concentrations of basic cations in the hillside farming sites
treated with bench terraces are due to the conservation and
deposition effects of the bench terraces. However, cations
are removed due to erosion and leaching from the control
sites because of less conservation structures and inappropri-
ate soil fertility management practices.

The results at hillsides farming sites have shown that
some soil chemical properties are lower than the control
sites. This is mainly due to the short-term effect of bench
terraces and the topsoil rich in soil fertility is disturbed dur-
ing installation of bench terraces. But, some of the hillsides
farming sites have shown a better soil fertility than the con-
trol sites. This is because of better soil fertility management
practices such application of manure and compost, plant-
ing of legume fodder species and soil nutrient conserva-
tion by terraces. In this study, bench terraces may have less
immediate beneficial effects on soil properties due to their
short-term effects. The implementation of bench terraces in
combination with irrigation and improved soil management
practices might prove its success in terms of increasing yield
production and improving profitability of bench terraces.
Though, some of the soil fertility is lower in some hillside
farming sites than the controls, there is a general positive
effect of bench terraces on improving soil fertility, nutrient
and moisture conservation. In such a case higher yields can
be obtained from the integration of hillside farming sites
in the form of irrigation, fodder for animal, fruit tree pro-
duction, animal products and apiculture practices than the
adjacent untreated areas. From this study we can understand
that installation of bench terraces with some improvement
on soil fertility at the beginning of hillside farming practices
is a promising option for changing almost unproductive hill-
sides into productive ones. Moreover, such type of mountain
development is an opportunity for natural resource manage-
ments of the marginal lands while increasing access to land
for landless youths in rural area.

Relationships among the soil chemical properties
of the hillside farming sites

Soil chemical properties such as Mg and Ca, pH and Ca, EC
and pH, TN and Mg significantly (p <0.01) correlated with
r=0.57, r=0.51, r=0.46, r=0.47, respectively (Table 6).
Similarly TN and Exc. K, TN and SOM, Av.P and SOM have
also significantly (p <0.05) correlated with r=0.34, r=0.37,
r=0.38, respectively (Table 6). However, TN and pH, TN and
EC have shown a significant (p <0.01 and p <0.05) inverse
correlation with r=—0.45, r=—0.37, respectively.

The strong relationships of the above soil chemical prop-
erties are indicators of the effects of bench terraces on soil
nutrient and fertility management in the hillside farming sites.
Most of the improved soil chemical properties in the hillside

@ Springer

farming sites are achieved through conservation of nutrients,
application of organic materials and planting of fodder tree
species. This finding implies that though bench terrace disturbs
the soil due to cut and fills during bench terrace installation, it
conserves and improves soil chemical properties. Moreover,
the soil fertility management practices such as application of
manure and compost, planting of fodder species and vegeta-
bles contribute to enhanced SOM content, TN, Av. P and EC
and improve soil physical properties such as soil aggregate
stability and bulk density (Tables 2, 3, 5). These effects are
also similar with research findings by Tadesse et al. (2016)
who suggested that soil organic carbon increased due to appli-
cation of manure, planting of fodder species and conservation.
The physical SWC integrated with biological SWC measures
have positive effects on preventing soil degradation by modi-
fying soil physico-chemical properties. The organic materials
added to soil from fodder plant species grown in the hillside
farming promoted good soil aggregate formation (Sodhi et al.
2009; Wang et al. 2011; Mesfin et al. 2018). Soil and water
conservation measures implemented in Tigray region signifi-
cantly reduced soil erosion rate (Vancampenhout et al. 2006;
Nyssen et al. 2007; Taye et al. 2013) improve soil properties
and agricultural productivity.

Conclusions

In this study, short-term effects of bench terraces on soil
physical and chemical properties of the hillside farming sites
and their corresponding control site have been investigated.
The soil aggregate size is significantly different among the
foot slope, middle slope and upslope positions and control
sites. Aggregate size increases with decreasing slope gradi-
ent which is attributed to corresponding increase in organic
matter and clay contents of the soil. Fine aggregate size
distribution has been observed for areas treated with bench
terraces indicating that soil disturbance during terrace con-
struction and subsequent soil tillage reduces aggregate size
distribution in the soil. Soil chemical properties such as soil
organic matter, total nitrogen, available phosphors and oth-
ers show large spatial variation among the treated hillslopes
and the control sites. This large variation is attributed to
slope gradient, soil erosion before terrace construction in
the terraced area, present soil erosion for the control area
and local soil fertility management practices. This study is
important in providing initial data on the role of terraces in
changing the soil physical and chemical properties either due
to soil disturbance during the construction, soil and nutrient
loss reduction, tillage and related management activities.
Beside reducing soil erosion rate, hillside treatment using
terraces also contribute towards increasing cropped area by
transforming hillslopes into cultivable land. We recommend
further study on economic aspects of terraces including

www.manaraa.com



Environmental Earth Sciences (2018) 77:399

Page 130f 14 399

quantifiable economic returns and also environmental ser-
vices of terraces implementation in the region with short,
medium and long-term.
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