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Abstract: Soil erosion is the major factor that has contributed to the reduction of soil fertility in the highlands
of Ethiopia. This factor was reduced by soil and water conservation (SWC) practices. Hence, the study
evaluated the effects of SWC practices and slope gradient on soil physicochemical properties in the Agemi
watershed of northwestern Ethiopia. Farmland treated by SWC such as stone-faced soil bund (SFSB) and soil
bund (SB), untreated farmland and slope gradient were identified in the study area. About 27 soil samples
were collected from the treated farmland and untreated farmland with three slope classes, including lower (5-
10%), middle (10-15%) and upper slopes (>15%). The soil physicochemical properties were analyzed by two
ways analysis of variance (ANOVA) using SAS 9.2. The results of the study showed that the content of sand,
clay, total porosity, pH, soil organic matter (SOM), total nitrogen (TN), available phosphorus (AP),
exchangeable cations such as Ca%*, Mg?, K*and cation exchange capacity (CEC) were significantly affected
(p<0.01) by SWC practices and untreated farmland with slope gradients. However, the content of silt, percent
of base saturation (PBS) and exchangeable Na were statistically insignificant (p>0.05). Farmland treated with
SFSB confirmed higher mean values of soil physicochemical properties than SB and untreated farmland.
Moreover, the lower total porosity (TP) and higher bulk density (BD) were recorded on untreated farmland
and upper slopes. This study concludes that farmland treated with SFSB improved soil physicochemical
properties than farmland treated with SB followed by untreated farmland. Therefore, SFSB should be
implemented on farmland to improve soil fertility in the study area.

Keywords: Agemi watershed; soil erosion; treated farmland; untreated farmland

1. Introduction

Soil and water conservation (SWC) practices have been given a high priority and attention,
which is the main effect of improving soil fertility and reducing soil erosion. Soil and water
conservation practices play a great role in promoting sustainable soil quality and productivity (Deng
and Shangguan, 2021). It is not only related to the improvement of soil fertility, but also the
sustainable development of the agricultural sector and the economy of the country at large (Tilahun,
2019; Abiye, 2022). Moreover, it is vital to reduce soil erosion and runoff velocity, trap sediment and
nutrients, improve water quality, enhance downstream water, reduce sedimentation and improve
land productivity (Belayneh et al., 2019). However, SWC practices are not effective in the developing
countries because of different socioeconomic factors such as lack of finance, lack of training, and
farmers’ perception (Asfaw and Neka, 2017). Furthermore, it results in a major variation of soil
physicochemical properties (Assaye, 2020).

Land degradation and soil erosion remains one of the biggest environmental problems in the
world, particularly in the developing countries (Lal, 2014). It is the main problem forcing agricultural
development in sub-Saharan Africa (Wolka and Negash, 2014). Besides, land degradation and soil
erosion are the major challenges that adversely affect agricultural production in Ethiopia (Belay and
Van Rompaey, 2015). Furthermore, soil erosion and land degradation have adverse effects on soil
physicochemical properties (Belayneh et al., 2019). Soil erosion accelerates the degradation of land
that occurs through water and wind erosion (Hurni et al. 2016; Seifu and Elias, 2018). The majority of
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the farmers in rural areas are subsistence oriented in cultivation of crops, but the cultivated lands are
impoverished soils that are highly susceptible to soil erosion (Shiene, 2012). The average annual rate
of soil loss in cultivated lands is 42 t ha™ yr!in Ethiopia (Hurni, 1993). Moreover, the average soil
loss rate on steep slopes is 300 t ha™ yr! where vegetation cover is scant and lack of SWC practices
areas (Hailu et al., 2012). The main factors that initiate the degradation of land and soil erosion in the
Agemi watershed include chemical fertilizer, lack of SWC practices and removal of crop residues
from cultivated lands. Although several research efforts on evaluating the effect of SWC practices on
soil physicochemical properties (Erkossa et al., 2018, Guadie et al., 2020, Sinore and Doboch, 2021)
have been made in different parts of Ethiopia, empirical evidence is limited in the Agemi watershed.
The findings of this study play an essential role in providing relevant evidence for policy-makers on
the impacts of different SWC practices on soil properties and insuring food security. Hence, this study
explored the effect of SWC practices and slope gradient on soil physicochemical properties in the
Agemi watershed of northwestern Ethiopia.

2. Materials and Methods

2.1. Study Area

The study was conducted in the Agemi watershed of northwestern Ethiopia (Figure 1). The
Agemi watershed, which is situated at 10° 45' 10.57" north and 37° 35' 58.41" east. The altitude ranges
from 2372-2880 masl. It is far from 400 km northwest of Addis Ababa. Moreover, the area of the
watershed covers about 798 ha (Figure 1).

345000 347000 349000 351000
=
T 4
N = Legend
= —
= A - | | Ethiopia
=
= 2 [ ] Amhara Region
= [ ] west Gojjam
%— - - Dega damote
= o 1 2 4 = - Agemi_Watershed
- =l
: : : . : . : m- S S
345000 347000 349000 351000 =

Figure 1. The location map of the study area.

Topographically, the study area is mountainous (25%), undulated (50%), valleys (10%) and
plains (15%). Based on FAO classification (2006), the soil of the district is Nitosols (19.5%), Andosols
(0.5%), Leptosols (25%), Vertisols (35%) and Luvisols (20%). The dominant soil of the watershed is
Nitosols, which are deep, well-drained and red tropical soils (FAO, 2006). According to the national
meteorology agency data obtained from Bahir Dar branch (2000-2019), the annual mean average
rainfall is 1200 to 1800 mm (Figure 2). Also, the lower and higher temperatures are 17.15 °C and 24.48
°C, respectively (Figure 2).
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Figure 2. The mean monthly rainfall and temperature of Agemi watershed .

2.2. Preparation of Soil Samples

A preliminary survey was carried out for general understanding and to identify slope gradients,
farmland treated with SWC practices and untreated farmland in the study site. Accordingly, three
slope classes include lower (5-10%), middle (10-15%), upper slope class (>15), treated farmland with
stone-faced soil bund (SFSB), soil bund (SB) and untreated farmland were identified in the study area.
Hence, the soil samples were collected both treated and untreated farmland with three slope classes.
Soil samples were collected to scale down by 0.5m from the upper bund and scale up by 0.5m from
the lower bund between two successive bunds (Belayneh et al., 2019). The soil samples were carefully
isolated from unwanted materials like gravel soil, plant and animal residues from the soil samples.
Both soils of disturbed and undisturbed samples were collected at the top of 0-20cm soil depth from
four corners and one center of square plots. The undisturbed soil samples were taken using a core
sampler of known volume to determine the bulk density of soil. Whereas disturbed soil samples were
taken using an auger for the analysis of soil physicochemical properties. Thus, one-kilogram of
composite soil samples were collected for each sample plot. Therefore, 27 soil samples were collected
from the three slope classes and three farmlands with three replications. Then, the soil samples were
air dried, crushed and passed in to a 2 mm sieve for all parameters excluding total nitrogen and
organic carbon that passed through a 0.5 mm sieve.

2.3. Analysis of Soil Physicochemical Properties

Bulk density of the soil was estimated using a core sampler and the soil was oven dried at 105
°C for 24 hours (Black, 1965). According to Brady & Weil (2008), the total porosity (TP) of the soil was
calculated by Equation (1). Soil texture was analyzed using the hydrometer method (Bouyoucos,
1962).

Bulk density
Particle density

TP(%) =1— (1)

Soil pH (H20) was measured using a pH meter with a 1:2.5 soil-to-water ratio (Van Reeuwijk,
2002). Organic carbon was determined by dichromate oxidation methods, while the soil organic
matter was the percentage of organic carbon by 1.724 (Sertsu & Bekele, 2000). Total nitrogen was
determined by the micro-Kjeldahl digestion, distillation and titration method (Bremner & Mulvaney,
1982). Available phosphorus was determined by the Olsen method (Olsen et al., 1954). Exchangeable
Ca and Mg were measured by an atomic absorption spectrophotometer, while exchangeable Na and
K were measured by a flame photometer (Rowell, 1994). Cation exchange capacity (CEC) was
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determined by leaching of ammonium acetate (Chapman, 1965). The percent base saturation of the
soils was calculated as the content of basic cations divided by CEC (Bohn et al., 2001).

2.4. Statistical Analysis

The effects of soil and water conservation (SWC) practices on slope gradients on the soil
properties were statistically analyzed using the two-way analysis of variance (ANOVA) following
the procedure of SAS 9.2 (SAS Institute, 2008). The mean separation was done using the least
significant difference (LSD) at a 5% of significant level.

3. Results and Discussion
3.1. Effects of SWC Practices and Slope Gradient on Soil Physicochemical Properties

3.1.1. Soil Texture

Soil texture showed a significant variation between SWC practices (treated) and untreated
farmland with slopes (Table 1). The content of sand in treated farmland was lower (29%) than
untreated farmland (34.33%). This could be the removal of fine particles by soil erosion from
untreated land due to the absence of physical barriers. Finer soil particles have been removed by
erosion and increasing the proportion of the coarser particles (Terefe et al., 2020). Furthermore,
Ademe et al. (2017) also confirmed that there is a higher sand and silt content, but lower content of
clay in the untreated farmlands than farmland treated with SWC practices. Moreover, the finding of
Hishe et al. (2017) revealed that untreated farmland had the highest sand fractions than treated
farmlands. Sand content was higher (35%) and lower (28.56%) in the upper and lower slope classes,
respectively (Table 1). The higher amount of sand content in the upper slope class might be the
removal of fine soil particles from steep slopes to the gentle slope class. The result is agreed with
Aytenew (2015) and Jembere et al. (2017) who stated that the content of sand increases with an
increase in slopes. The lower value of clay (27.33%) was obtained from untreated farmland. However,
the higher clay (36.56%) was observed in treated farmland with SFSB followed by SB. This might be
the effects of SWC practices on reducing soil erosion. The result agrees with the finding of Guadie et
al. (2020) and Mengistu et al. (2016).

3.1.2. Soil Bulk Density

The BD of soils showed statistically significant variation (p<0.01) between SWC practices and
slope (Table 1). The higher BD of soil (1.36 g cm=) was recorded on untreated farmland than treated
farmland. This might be the presence of organic matter in treated farmland with SWC practices.
Because the higher amount of organic matter decreases the BD of soils. This finding was in line with
Challa et al. (2016) and Guadie et al. (2020), who showed that the lower BD in treated farmland with
SFSB and SB than untreated farmland. Besides, research conducted by Habtamu (2015) reported that
an untreated land exhibits higher BD in soils than soil under treated farmland. The lower BD of soil
(1.29 g cm3) was recorded in lower slope class than middle (1.32 g cm™) and upper slope class (1.34
g cm3). This could be the removal of organic matter from the upper slope and deposited on the lower
slopes. Similar findings by Husen et al. (2017); Gadisa and Hailu (2020), who stated that the lower
BD of soils was recorded in the lower slope than in upper slope.

3.1.3. Total Porosity (TP)

The highest (51.49%) and the lowest (48.81%) TP of soils were observed under the treated lands
with SFSB followed by SB than untreated farmland, respectively (Table 1). This could be that soils on
untreated farmland have undergone structural degradation due to removal of soil organic matter.
The lower TP of soils on the untreated land was low organic matter content and high BD of soils. The
findings of Guadie et al. (2020) noted that a reverse relationship between BD and TP of soils was done
under different environmental conditions. The highest (51.15%) TP of soil was recorded on the lower
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slope rather than the middle slope (50.36%) and upper slope class (49.27%). This is also due to
downward movement of fine particles from upper slope to lower slope positions. The reports of

Aytenew (2015) showed that the effects of soil erosion create the variation of BD among slope classes.

Table 1. Effects of SWC practices and slope gradient on soil physical properties.

Parameters
Treatment lay (% T 1
reatment o d (%) Silt (%) 3 (%) extural g (gem?) TP (%)
Class
562 1
SFSB 20000 3433 0% Clay 129° 51.49°
Loam
2,56 1
SB 440 3500 020 Clay 131° 50.48°
Loam
Control 3433 3833 20 Clay 1.36° 48.810
Loam
SEM(+) 151 155 2.29 0.01 0.60
LSD (0.05) 391 424 5.45 0.04 1.38
Slope classes (%)
44a 1
Lower(5-10) 2856 33005 O Clay 1.29° 51.15
Loam
b
Middel (10-15) 32220 36228 120 Clay 1.32 50.36
Loam
26.44> Clay
b a a
Upper (>15)  35.00°  38.56 Loam 1.34 49270
SEM(2) 143 147 2.01 0.02 0.07
LSD (0.05) 391 424 545 0.04 1.38
CP * NS *% %% *%
Slope * * *% * *
Cp*slope Ns Ns Ns Ns Ns
CV (%) 1225 1181 16.96 2.77 2.74

The same letter(s) are not statically significantly different at P < 0.05; * = significant at P < 0.05; **= significant at
0.01; SEM = Standard error of the mean; CV= Coefficient of variation; SFSB=Stone faced soil bund; SB= Soil bund;
CP = conservation practice; Ns=Non-significant.

3.1.4. Soil pH (H:0)

The ANOVA indicated that the pH of soils was significantly affected by SWC practices and slope
class (Table 2). The soil pH was highest (5.88) on the lower slope of farmland treated with SFSB and
lowest (5.68) on the lower slope of land treated with SB followed by untreated land (5.70). Relatively
lower soil pH value on untreated land than land treated with SESB and SB might be associated with
loss of basic cations by water erosion. The result agreed with the findings of Ademe et al. (2017) and
Guadie et al. (2020) who stated that treated farmland has a higher pH value than untreated farmland.
Correspondingly, Teressa (2017) reported that soil pH was higher on treated farmland and lower in
untreated farmland. This could be the removal of basic cation and organic matter by water erosion
factors from untreated farmland. Therefore, as per the rating of Tadesse et al. (1991), soil pH of both
treated and untreated farmland was rated as moderately acidic in the study area.

3.1.5. Soil Organic Matter

The lowest (2.36%) and highest (3.09%) soil organic matter (SOM) content was recorded in
untreated and treated farmland with SFSB followed by SB, respectively (Table 2). The higher SOM
could be accumulation of crop residues and less vulnerability of soil erosion in treated farmland. The
lowest SOM might be the loss of decaying leaves and the source of SOM because of lack of physical
barriers in the untreated farmland. The result was in line with the findings of Belayneh et al. (2019)
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who reported that untreated lands had a lower SOM than land treated with SFSB. Moreover, Challa
et al. (2016) revealed that the lower SOM was observed under untreated land. Regarding to the slope,
a higher mean value (3.11%) of SOM was recorded on the lower slope than on the upper and middle
slope classes (Table 2). It could be the transportation of SOM to the lower slope class by erosion. The

findings of Aytenew (2015) and Chota (2019) stated that the quantity of OM was higher on the lower
slope than in the upper slope.

3.1.6. Total Nitrogen (TN)

The mean value of TN content of soils under untreated farmland (0.12%) was significantly lower
than treated farmland with SFSB followed by SB (Table 2). This could be the fast mineralization of
existing low SOM content. The result was in line with the findings of Belayneh et al. (2019); Ademe
et al. (2017) who reported that the mean value of TN was higher on treated than on untreated
farmland. The result agrees with the findings of Challa et al. (2016) who found that the TN content
under untreated farmland was lower than treated farmland. The highest TN (0.29%) was recorded
from the lower slope, while the lowest mean value (0.1%) was recorded from the upper slope. This
might be the removal of SOM by soil erosion from the upper slopes, and plant residues and other
animal debris are transported and accumulated to the lower slope position. The findings of Lelago et
al. (2016) noted that the lower and higher values of TN were recorded under moderately steep and
gentle slopes, respectively. Moreover, the findings of Bekele et al. (2018), Wubie and Assen (2019)
also stated that the highest amount of TN was obtained from gentle slopes.

Table 2. Effects of SWC practices and slopes on chemical properties of soil.

Treatment Parameters
pH (H:20) SOM (%) TN (%) AP (Ppm)
SFSB 5.73a 3.09a 0.242 5.94ab
SB 5.654b 2.98 0.21° 6.052
Control 5.56b 2.36b 0.12¢ 5.56b
SEM(=) 0.05 0.06 0.03 0.10
LSD (0.05) 0.12 0.15 0.02 0.25
Slope classes (%)
Lower (5-10) 5.752 3.11a 0.292 6.092
Middle (10-15) 5.63ab 2.79v 0.19» 5.874ab
Upper (>15) 5.55p 2.53¢ 0.10¢ 5.68P
SEM(=) 0.06 0.12 0.02 0.10
LSD (0.05) 0.12 0.15 0.02 0.25
CP * *% % *
Slope * *% % *
Cp*Slope Ns * * Ns
CV (%) 2.15 543 8.06 4.31

The same letter(s) are not statically significantly different at P < 0.05; * = significant at P < 0.05; **= significant at
0.01; SEM= Standard error of the mean; CV= Coefficient of variation; SFSB=Stone faced soil bund; SB= Soil bund;
CP= conservation practice; Ns=Non significant.

3.1.7. Available Phosphorus (AP)

The AP was affected by SWC practices and slope positions (p < 0.05) (Table 2). The highest AP
was observed under treated farmland with SFSB. While the lowest mean value of AP was observed
in untreated farmlands (Table 2). The lower AP results from continuous cultivation and extractive
plant harvest to accelerate soil erosion. This finding is in line with Degu et al. (2019) who found that
AP was higher under farmland treated with SFSB and SB than untreated. Guadie et al. (2020) and
Teressa (2017) also pointed out AP under treated farmlands was higher than untreated farmlands.
The highest AP (6.09 ppm) had been recorded from lower slope and middle slope (5.87 ppm) while
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the lowest (5.68 ppm) was recorded in the upper slope class. Due to soil erosion, the top soil and
organic matter were transported from the upper slope position and accumulated to the lower slope.
The result was agreed with the findings of chota (2019), who reported that the lower AP was recorded
in the upper slope rather than the lower and middle slopes. Several research results by Ademe et al.
(2017) and Amuyou & Kotingo (2015) noted that higher AP in the lower slope position than on the
upper slope.

3.1.8. Exchangeable Bases (Ca*?, Mg*2, Na* and K*)

Basic cations such as Ca*2, Mg*, K* were significantly varied among treated and untreated
farmland with slope classes (Table 3). The highest mean values of Ca*?, Mg*2, K* were recorded in the
treated farmland than untreated farmland. This might be farmland treated with SWC to reduce soil
erosion and leaching of basic cations in the study area. The result was agreed with Degu et al. (2019)
who showed that higher basic cations were recorded in the treated farmland than on untreated
farmland because SWC practices reduce soil erosion and leaching of basic cations. Mengistu et al
(2016) also reported that exchangeable Mg?*, Ca?* and K* in the treated farmland with SWC practices
were significantly higher than untreated farmland. The lowest and highest exchangeable basic cations
(Ca2, Mg*, K* and Na*) were recorded on the upper and lower slopes, respectively (Table 3). It could
be transport of minerals by erosion from the steep slope areas to the lower slope areas. The result was
agreed with the findings of chota (2019) and Degu et al. (2019) revealed that treated farmland showed
a higher value of exchangeable basic cations than untreated farmland in the upper and lower slope
classes. Ademe et al. (2017) and Kehali et al. (2017) also reported that a higher content of basic cations
were recorded on the lower slopes than the middel and the upper slopes.

3.1.9. Cation Exchange Capacity (CEC)

The CEC of soil was affected by SWC practices (treated farmland) and slopes (p<0.01) (Table 3).
The lower CEC (31.59 cmol (+) kg™') was obtained on untreated farmland and the higher CEC (38.68
cmol (+) kg) was acquired on treated farmland with SFSB (36.82 cmol (+) kg). The lower CEC on
the treated farmland could be induced by erosion and transportation of clay and SOM in the study
area. The result was agreed with Degu et al. (2019); Mengistu et al. (2016) and Selassie et al. (2015),
who stated that CEC was higher under treated land with SFSB and SB than untreated. The research
conducted by Wolka et al. (2016) reported that cultivated lands treated with SB showed higher CEC
than untreated farmland. High CEC contents might be the presence of high clay contents and SOM
in treated farmland. Besides, SWC is important to increasing soil fertility by reducing nutrient losses.
The lower CEC was obtained from the upper slope and the higher value of CEC was obtained from
the lower slope class (Table 3). The lower CEC of soils at the upper slopes could be clay and SOM
transported by erosion to the lower slope positions. The study agrees with Rezaei et al. (2015), Kehali
etal. (2017) and Chota (2019) who noted that the accumulation of CEC was higher on the lower slopes
than the middle and upper slopes.

Table 3. Effects of SWC practices and slope gradient on exchangeable bases, CEC and PBS.

Exchangeable bases and CEC (cmol(+) kg™)

Treatment Ca  Mg» K Na* CEC PBS (%)
SFSB 1631e 315  1.16° 0.85 38.68° 55.27
SB 15990 290>  1.022 0.82 36.822 55.25
Control 1138 278 046 0.71 31.59 48.74
SEM(%) 1.84 013 007 0.05 145 443
LSD (0.05) 2.33 023 0.14 0.16 3.13 8.99

Slope classes (%)

Lower (5-10) 2086 3322 098 0.83 39.54a 65.58
Middle (10-15)  13.59%  2.89%>  0.89% 0.80 35.548 51.06"

Upper (>15) 9.25¢ 2.62¢ 0.76° 0.76 32.00¢ 42.61°
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SEM(z) 1.08 0.09 0.13 0.06 1.43 3.12
LSD (0.05) 2.33 0.23 0.14 0.16 3.13 8.99
CP *% * *% NS *% NS
Slope *% *% * NS *% *%
Cp*slope Ns Ns Ns Ns Ns Ns
CV (%) 16.02 7.95 15.81 20.57 8.79 8.99

The same letter(s) are not statically significantly different at P < 0.05; * = significant at P < 0.05; **= significant at
0.01; SEM= Standard error of the mean; CV= Coefficient of variation; SFSB=Stone faced soil bund; SB= Soil bund;
CP= conservation practice; Ns=Non-significant.

3.1.10. Percent of Base Saturation (PBS)

The lower mean value of PBS (48.74%) was obtained from untreated land and the higher mean
value of PBS (55.27%) was obtained from treated farmland (Table 3). It could be low OM and removal
of basic cations from untreated farmlands by the action of surface runoff. The PBS was higher on the
lower slopes followed by the middle and upper slope classes. It could be the accumulation of clay
minerals that were transported from the upper slopes. Similar findings by Aytenew (2015) and Beshir
et al. (2015) stated that the higher PBS was recorded in the lower slope class because of water erosion
transport minerals from upper slope to the lower slope.

4. Conclusions

The findings of this study showed that physicochemical properties of soils have a significant
variation between treated and untreated farmland with slope classes in the study area. The
physicochemical properties of soils such as clay, total porosity (TP) pH, cation exchange capacity
(CECQ), soil organic matter (SOM), total nitrogen (TN), available phosphorus (AP), exchangeable
cation includes Ca?, Mg?, K+ and percent base saturation (PBS) were significantly higher on treated
farmland with stone-faced soil bund than soil bund followed by untreated farmland. However, bulk
density, silt and sand content were higher in the untreated farmland than in treated farmland. The
higher values of clay, pH, CEC, SOM, TN, AP and K*were recorded in the lower slope position than
in the middle and upper slope positions. However, the lower content of sand, silt and bulk density
was recorded on the lower slopes than in the upper slope class. Thus, farmland treated with stone-
faced soil bund (SFSB) play a great role in improving soil fertility than soil bund (SB) followed by
untreated farmland in the study area. Therefore, soil and water conservation practices such as stone-
faced soil bund (SFSB) should be implemented on farmland to minimize soil erosion and amend soil
fertility in the study watershed.
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