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ABSTRACT

With the objectives of investigating and quantifying farmer's attitude and gully development in relation
with biodiversity and soil property variation along topo-sequence in coffee-Enset based agoforestry
system, two land units: Land with agro-forestry system (LWAGS) and Land with Gully Erosion (LWGE)
under three slope categories (Upper, Middle and Lower slope) were selected in Southern Ethiopia. A
household survey was conducted, supplemented with focus group discussions (FGDs), key informant
interview and field observations. Concerning the soil, a total of 48 composite soil samples (4 replication _
2 land units _ 3 slope categories _ 2 soil depth layers: 0— 15 cm and 15-30 cm) were collected to analyze
soil physic-chemical characteristics. In addition, 48 undisturbed core samples were also collected to
determine soil bulk density (g cm™). To determine species richness and evenness Shannon-Wiener's index
and Simpson’s index were used. Simple counts of naked eye soil macro-fauna (NMF) was also collected
just to infer about the biological properties of the soil. The results showed that farmer's attitude was the
major contributor for the expansion and developments of gully erosion in the study area. Tree cutting
from the agro-forestry system was the main pressing causes of gully development in the agro-forestry
system. Concerning the soil, the study revealed that Higher values of SMC (%), P; (%), V. (%), SOC (%),
EC (us), pH and naked eye macro-fauna were observed on land units with Coffee-Enset based
agroforestry system. However, soil bulk density was higher on land units with gully erosion. SMC (%), Bd
(g cm®), P; (%) and Ve (%) were significantly varied with slope percent (P<0.001), Land Units (P =
0.001, P<0.001) and Soil Depth (P<0.001), respectively. The soil pH was significantly (p = 0.04) affected
by land unit. Soil Electrical Conductivity (EC ps) significantly varied with slope percent (P = 0.045) and
land units (P<0.001). SOC (%) significantly varied with land units (p < 0.001), slope percent (P<0.001)
and soil depth (p < 0.001). Naked eye macro-fauna was varied significantly (P<0.001) with respect to
land units and soil depth. On the other hand, in terms of species richness and diversity, LWGE has got the
highest value than LWAGS. Soil bulk density and soil moisture content (SMC) increased while total
porosity (Pt), Void ratio (Ve), number of macro-fauna and soil organic carbon (SOC) decreased with soil
depth in both land units. However, the close management system of coffee-Enset based agroforestry
system has contributed for minimum values of species richness and diversity. Thus, reducing the pressure
as a result of anthropogenic effect and rehabilitating gullies through either physical or biological
measures would help to improve the soil quality as well as the biological diversity.

KEY WORDS: Coffee-Enset based agroforestry; Farmer's Attitude; Gully Erosion; Soil Macro-fauna;
Biodiversity.
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1. Introduction

Global concern has increased over soil degradation as a result of soil erosion and their potential impact on
climate change over the past decade (Valentin et al., 2005; Fantaw et al., 2006). As a result, each country
has designed and launched a mitigation strategy through implementing appropriate land use planning and
increasing the awareness of the people about tree planting in the form of agro-forestry system. As it is
stated by different authors (for instance; Wasson et al., 2002; Krause et al., 2003; de Vente et al.,2005;
Huon et al., 2005; Kumar et al., 2012; ENSAP, 2013), soil degradation affects soil properties (physical,
chemical and biological), biological diversities, food and fiber production, local climate and lastly the
human being as a whole. Among the different cause soil degradation, soil erosion as a result of human
impact takes the line share (Belay, 2000). According to ENSAP (2013), among soil erosion types; gully
erosion has been recognized as an important environmental threat throughout the world affecting several
soil and land functions. In connection with the above idea, Wood (1990) and Poesen (2011) have stated
that, there are ample physical evidences of intense gully erosion occurrences spatially as well as
temporally in different part of the world.

Ethiopia is one of the most environmentally troubled countries in the sub-Saharan belt. Gully erosion
phenomena and its effects are very common in the country. It affect large areas with different
morphological, pedological and climatic characteristics (Billia and Dramis, 2003). Land degradation in the
form of soil erosion, gully formation, soil fertility loss and severe soil erosion are the principal
environmental problems in Ethiopia (Wagayehu, 2003). Large parts of the countries highland areas are
severely eroded. On the other hand, however, majority of Ethiopian population derives its livelihood from
agriculture sectors. This is to mean that under subsistence agriculture in both densely populated highlands
and sparsely populated lowland areas of the country, survival is solely linked to the exploitation of land
(World Bank, 2003). Agricultural land subjected to poor land use management and lack of appropriate soil
and water conservation leads to loss of agricultural soil which the country highland areas are well known
off. In Ethiopia many contributing factors have been observed for gully erosion occurrence (Valentin et
al., 2005). Farmer's attitude has played a vital role and takes the line share as being part of gully erosion
contributors (Govers et al., 2004). Farmers have been incurring cost as a result of not taking measures at
the infant stage of gully erosion. On the other hand, being ignorant about what has been occurring on their
farm (this is a typical scenario of the study area) has also contributed for the occurrence of gully erosion.
In addition, as stated by Valentin et al. (2005), farming system, topography (Bale et al., 1998), local
hydrology and land use system of the area becomes the main factors that either limit or exacerbate gully
erosion (Kakembo and Rowntree, 2003; Rajot et al., 2003).

In spite of the great deal of soil and water management schemes undertaken aggressively by Ethiopian
government in the last two decades to reduce soil erosion and their by maintain the productivity of
biological diversity, gully erosion is still recognized to be a serious threat to the biological life’s and to
national economy in larger scenario (Ananda and Herath, 2003; Tamane, 2005). Currently, it is possible
to see some patches of gullies even in an area where one has not expected it before in the agroforestry
system. Here, anthropogenic causes are the main contributing factors for gully formation in the study area.
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According to SLUF (2006), Gedeo Zone land use assessment has shown that there are three basic
agroforestry systems (Enset based, Coffee-Enset based and Coffee-Fruit crops based) being continuously
practiced by the farmers. Farmers have been practicing these basic agroforestry systems for long years as a
cultural manifestation in the study area (Tadesse, 2002). Although farmers have been practicing these
basic agroforestry systems, the focus of this research was only on Coffee-Enset based agroforestry system.
The farmer had strong relationship and attachment with their agroforestry system. However, in recent
years the tie between the people (specially the youth) and agroforestry practice becomes weak and non-
responsive as a result of change in social, economic, and cultural phenomena of the area (Abiyot et al.,
2013). As a result, land use/land cover change becomes a common phenomenon as it was associated with
population growth and remarkable depletion of forest cover. Human population density is very high in the
study area. This high population was become a serious problem in the study area as it seriously affect the
vegetation cover of the area. Based on the current rate of tree cutting in the agroforestry system, it is
possible to speculate the fate of biological diversity and the fertility status of the soil. The cover change
has triggered the newly emerging gully channels and landslides in coffee-enset based agroforestry system
of the study area. Though the study area is well known in its regenerative capacity (Abiyot et al., 2013),
the intervention of human being through tree cutting in the agroforestry system has triggered the formation
of gully channel and landslides in the study area (physical observation and farmer's response). The
problem is becoming more serious in recent years demanding immediate responses of concerned body.

Toposequence and the associated management of land unit and biodiversity can influence soil properties
in localized area, though the amount of influence and changes could be varied depending upon the extent
of human management and geomorphic influence. Therefore, understanding such inclusive and versatile
interaction on the soil would have a meaningful concern on the soil properties of the area. On top of this,
more importantly, the outcome of understanding and evaluation of the overall situation of the biodiversity
and soil properties as influenced by coffee-enset based agroforestry system and gully under localized
anthropogenic and geomorphic variables would help for designing sustainable agricultural and landscape
management in the area. Previous studies conducted in the area (Tadesse, 2002; Wendemeneh, 2010)
were less adequate and didn't consider the topo-sequencial interaction of coffee-enset based agroforestry
system and gully on biodiversity and soil properties. In line with this, the magnitude and pattern of
biodiversity and soil properties variation within the two land units is still unanswered. Moreover
quantitative evidences are very important for determining the type and extent of future land management
in the area. So therefore, this study was intended to investigate the plant biodiversity and soil properties
variations under coffee-enset based agroforestry and land with gully erosion along the toposequence in
southern Ethiopia.

2. Materials and methods

2.1 Description of the study area

The study was undertaken in Gola kebele, Dilla Zuria District, Gedeo Zone, Southern Ethiopia (Figure 1).
It is about 365 km south of Addis Ababa and about 90 km south of Hawassa; capital city of SNNPRS.
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114 Astronomically, it extends from 68° 187117 to 68°25° 32 N latitude and from 38° 17° 40” to 38° 23” 43>
115  E longitude. The altitude ranges from 1450 m to 1800 m above sea level (Haile and Fantaw, 2014).
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118 Figure 1: Location Map of the Study area

119  The study area is characterized by a bimodal rainfall distribution with a maximum between March to June
120  (main rainy season), and a relatively minimum rainfall between August and October (Figure 2). The mean
121 annual temperature was 20.7 8 °C, while the mean monthly temperature ranges from 20.1 to 21.9 8°C.
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The dominant soil type in the study is chromic Luvisol (Wendemeneh, 2010), with dusky red (2.5 YR 3/2,
moist) to dark brown (7.5 YR 3/2, moist) surface horizon; and dark reddish brown (2.5 YR 3/4, moist) to
reddish brown (5 YR 4/4, moist) subsurface horizon. Its surface horizon is also characterized by a granular
to crumb structure, porous and well aerated with good internal drainage potentials that can be suitable for
a wide range of agricultural uses. It has an argillic B (B;) horizon due to higher accumulation of clay
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Figure 2: Mean monthly rainfall and temperature of the study area.

compared to the overlying surface horizon.

The land use system in the study area is a mixture of agroforestry, forestry, grazing land, crop farming and
others (Table 1). Agroforestry system is the common type (which cover around 90% of the total land area)
of land management practice in the study area. The study area has a long history of traditional land use
management and hence it is assumed that their indigenous knowledge has a long history (Tadesse, 2002;

Abiyot et al., 2013).

Table 1: Land use of the study area

N° Types of land use Area Coverage (ha) Percentage (%)
1 Agro-forestry land 758.5 90
2 Forest land 5 0.594
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3 Grazing land 5 0.594
4 Others 72.5 8.62
Total 841 100

Source: Dilla Zuria Woreda Agricultural Office, 2014

Among the many manifestation of their IK, the traditional agroforestry practices are the prominent. The
traditional agroforestry system has been known to be an exemplary land-use system in the study area
(Tadesse, 2002; SLUF 2006). However; currently, the culture of managing the agro-forestry system by the
local people becomes weak year after year. One reason for weak appearance of managing the agro-
forestry system in the study area is due to weak IK transmission from older generation to young people
(Abiyot et al., 2013). It is becoming a common phenomena to see that most young people who travel to
towns on a daily basis to attend school, look for work, or sell farm products are no longer interested in
traditional values and norms or do not have the opportunity to learn about them. Consequently, it is
becoming harder for older generations to transmit their knowledge to young people (Grenier, 1998). As a
result of the above concepts, currently, tree cutting from the agro-forestry system for the purpose of timber
and fuel wood by the young generation is one of the manifestations of weak IK transmission by old people
in the study area.

The study area is dominated by undulating topography which could play a role for gully and landslide
formation. The problem of gully formation could further been exacerbated when the undulating
topography is combined with high population density (Tadesse, 2002) in the area. Therefore, as a
consequence of tree cutting and undulating topography in the agro-forestry system, gullies and landslides
were observed in the study area. Among the many areas affected by gullies and landslides in Gedeo Zone,
Golla kebele is one of the most severely affected areas.

The gully was formed in the study area 15 years before (own survey, 2014). It has an average width and
depth of 5.1m and 3.65m, respectively. Off course, the gully that was already formed is considered as an
active gully which contributes for the loss of large soil masses and depletion of basic natural resources in
the area (own observation).

Concerning the population of the study area, there were 1200 households in the kebele out of which 900
and 300 were male and female headed respectively. Agricultural activities in the kebele include both crop
production and animal fattening (mixed farming system). Cofee and enset are the dominant perennial
crops. Apart from this trees (Carissa edulis Forssek, Citrus aurantifolia Christm, Cordia Africana Lam,
Syzygium guineense Willd, Ficus sur) are dominantly grown in the area. Annual and seasonal crops such
as maize (Zea mays) and sweet potato, Banana (Musa X paradisiaca L.), and Rhamnus prinoides L Herit
are among the dominant. Traditional agro-forestry based conservation tillage is also the most common
farming practice in the study area.

2.2. Household, Soil sampling and laboratory analyses
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Two land units [Land with agro-forestry system (LWAGS) and Land with Gully Erosion (LWGE)],
hereafter referred to as ‘‘land units’” both under upper, middle and lower slope category were selected
along the topo-sequence. The upper slope ranges from 30-60 percent, the middle ranges from 8-30 percent
while the lower slope ranges between 2-8 percent. Soil sampling points were allocated based on the
principles of Anderson and Ingram (1993). Based on this method, long transect line was laid along the
slope direction for the sake of minimizing experimental errors or reducing biasness in taking soil sample.
The two land units were contiguous and have similar environmental conditions except their differences in
the land feature and practices.

A total of 48 soil samples (2 treatments _4 replications _3 slope categories _2 soil depth layers 0-15 cm,
15-30cm) were collected using randomized complete block design (RCBD) with factorial design for
laboratory analysis. Prior to laboratory analysis, the soil samples were air-dried at room temperature,
crashed, and passed through a 2 mm diameter sieve. Undisturbed soil samples were also collected
separately using core samplers from each soil depth for the determination of soil bulk density.

Total porosity (P; %) and void ratio (V. %) were determined according to Oguike and Mbagwu, (2009)
assuming a particle density (Pd) of 2.65 gcm®. Soil bulk density was determined after an oven drying at
105% for at least for 24 hr. The gravimeter soil moisture content (SMC, %) was calculated following the
method described by Cuenca (1989). Soil pH was determined following the methods employed by
Meclean (1982). Soil electrical conductivity (EC) was also determined following the standard of soil
water suspension as described by Nelson and Sommer (1982). Soil organic carbon was determined
following the method employed by Walkley and black method (Schnitzler, 1982).

The number of observable or naked eye soil macro-fauna was determined and sampled using the standard
Method of Tropical Soil Biology and Fertility Programme (TSBF) handbook of methods (Anderson and
Ingram, 1993). The soil macro-fauna were collected from 25*25 cm area of square soil monolith
following the topo-sequence and the soil depth from both land units.

A total sample size of 60 (5 %) out of 1200 households were selected using simple random sampling
techniques. General meeting (discussion) was made with the surrounding community members for
understanding of the overall situation of the gully problem in the area. Focus group discussions (FGD)
were also conducted with ten members (selected on the basis of their experiences on gully management
in the area) of the local community. Moreover, 6 (six) key informants were also selected based on the
length of time they had spent living in the local area (two key informants from each slope category). The
selection of these key informants was carried out using snowball method.
The qualitative and quantitative data collected were organized and summarized using case summery and
descriptive statistics. The result was described and depicted by using tables. Laboratory results were
analyzed using General Linear Model (GLM) procedure of SPSS version 16.0 for windows (SPSS Inc.,
Chicago, USA). Analysis of variance (ANOVA) was employed to test the degree of variations. Tukey’s
Honest Significance Difference (HSD) test was used when the mean separation showed statistically
significant differences (p < 0.05).
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2.3. Vegetation survey

In each landscape position (upstream, midstream and downstream) woody plant data were collected by
laying 400m? (20m x 20m) plots following transect lines, which were laid 300 m apart along the topo-
sequence. The vegetation data were collected following the International Forestry Resource and
Institutions Research (IFRI) methodology (Ostrom 2007). During data collection tree diameter at breast
height (DBH) were measured using caliper and diameter tape. The later was used for tree diameter above
100 cm and tree heights were measured using clinometers. Individuals with DBH < 2 cm and height <2 m
were counted as follows: seedlings, height < 1 m and saplings, height > 1 m and DBH < 2 cm (Abayneh et
al., 2003). Saplings and seedlings were counted by laying 10mX10m plots within each plot. Plant
specimens were prepared and brought to Dilla University, where the identification was made.

2.4 Species diversity analysis

Species diversity is the combination of species richness and evenness. Shannon-Wiener's index and
Simpson’s index are the two most commonly used diversity measure indices.

Shannon-Weiner Index (H’)

Shannon-Weiner Index used to characterize species diversity in a community. The Shannon-Weiner Index
(H) and Shannon evenness (E) indices are calculated as a measure to incorporate both species richness and
species evenness (Magurran, 2004). The value of Shannon-Weiner Index usually falls between 1.5 and 3.5
and rarely surpasses 4.5 (Magurran, 1988). A rich ecosystem with high species diversity has a large value
for the Shannon Diversity Index (H’), while an ecosystem with little diversity has a low H’. The
Shannon-Weiner index (H") was calculated from the equation:

S
H=—=> p.INP. oo, 1
: I I
I=1
Where, H' = the Shannon Diversity Index
Pi = is the proportion of individuals found in the i" species

S = total number of species (1,2,3.....n)
Shannon evenness (E)

Evenness compares the observed distribution with the maximum possible even distribution of the number
of species in the studied area (Pielou, 1975) or it is the distribution of individuals among the species in a
studied area. Evenness is maximum when all the species have same or nearly equal number of
individuals. The Shannon evenness index (E) was calculated from the ratio of observed diversity to
maximum diversity using the equation.

H i
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Where, E= Equitability (evenness) index which has values between 0 (a situation in which the abundance
of all species are completely disproportional) and 1 (all species are equally abundant).

H' = the Shannon Diversity Index

H'max= 1S the maximum level of diversity possible within a given population

Pi = is the proportion of individuals found in the i species
S = total number of species (1, 2, 3.....s)

Simpson’s Index (D)
Another group of diversity indices are weighted by abundances of evenness of the commonest species and
are usually referred to as either dominance of evenness measures (evenness and dominance are two sides
of the same coin) (Magurran, 2004). Simpson's index reflects the dominance because it is more sensitive
to the most abundant species than the rare species. Simpson’s index was calculated as:
s n.(n.—-1)
D= > L 1 3

i —1 N(N-1)
Where ni= the number of individuals in the i species; and N= the total number of individuals. D ranges
between 0 (represents infinite diversity) and 1(no diversity) i.e as D increase diversity decreases. This is
neither intuitive nor logical, so Simpson’s index is therefore usually expressed as 1- D or 1/D (Magurran,
2004). Therefore, Simpson’s index was calculated as follow:

Here high D value suggests a stable and ancient site, while a low D value could suggest a polluted site,
recent colonization or agricultural management (http://wwww.countrysideinfo.co.uk/simpsons.htm) or a
forest with low diversity.

Sorensen’s similarity Index (Ss)

The degree of similarity between any two sites (in this case agro-forestry and areas affected by gully
within the system) was compared using similarity index that depends on species common to both stands.
Sorensen’s index is the common similarity measurement index, which ranges from zero (no species in
common) to 1 (identical set of species) i.e the higher the value of the index the more similar will be the
stand to each other. It was calculated with the following formula (Magurran, 1988):

2C

(2C+A+B) Where, Ss = Sorensen’s similarity index)
A = number of species in coffee-based agro-forestry system,
B = number of species in areas affected by gully erosion within the system,
C = number of species common to both.

Ss
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3. Result and discussion
3.1 Socio economic characteristics of the study area

The interviewed respondents were nearly all males (85%) with ages ranging from 18 to 45 years (75%)
old with an education status that ranges from illiterate (65%) to grade 8 and more. In addition, 75% of the
respondents were fully engaged or depend on the agro forestry system for their livelihood. Moreover, 45%
of the respondents had family size of 6-8 people with land size of 0.25-0.5 ha per household in the study
area. It is observed that female respondents were less in number in the study. In the study area, majority of
field works were carried out by males and as a result, females became less familiar with the day-to-day
agricultural activities in the study area. Instead of working in the agroforestry system, females could prefer
to support their family with income from off-farm activities such as Merchants. Female participation on
protection and conservation of soil in the study area was very small. Less participation of females could be
mainly due to a lot of household activities and responsibilities (child care, food preparation, marketing and
collection of firewood). Moreover, Gully erosion protection and conservation works usually require
construction of check dams, different terrace and other types of heavy duty works that women are less
likely to perform in the study area. Less participation of females in different land management activities
were also reported by Mulugeta (2014) in the study made in Central Ethiopia. Another reason is that,
women are less mobile due to cultural influences, and this could affect them to access information on
different land management activities. Similar finding were also reported by Daniel (2002), Tilashwork,
(2009) and Mulugeta and Kindu, (2013) where involvement of women in soil and water conservation
activities has in general been low in the majority of Ethiopia. However, this finding was in contrary with
the findings of Solomon et al. (2014) where majority of women in the plateau state of Nigeria were
involved in farming and contributed significantly to land/soil conservation.

3.2 Attitude of the Farmers towards development of gullies in agro-forestry system

All respondents of the study area regarded the agro-forestry system as the main source of their livelihood
needs such as fuel wood, fodder, medicinal plants, non-timber forest products, timber and complimentary
food. Besides meeting biomass needs, a sizeable proportion of the respondents also admitted to their
economic dependence on the system. However, currently, the function and service that has been delivered
so far by the agro-forestry system becomes less and less in the study area. Significantly, a large proportion
of the respondents (70%) stressed that the formation and development of gully is because of decrease in
potential capacity of agro-forestry system in the area (Table 2). On the other hand, currently, the local
farmers have become reluctant to maintain the gully using conservation measures in the agro forestry
system.

Table 2: Farmer's Attitude for activities in the study area

N° Farmer's attitude SA A D SD

N° % N° % N° % N* %
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1 The habit of tree planting in 13 216 45 75 2 3.3 - - AFS s
decreasing from year year in the study

area

2 Tree cutting without replacing in 15 25 40 66.7 5 833 - - the AFS

is more common in the study area recently

3 Gully erosion is one of the main 10 16.6 42 70 7 116 1 1.66  problems

of the AFS in the area

4 IK transmission from father 50 83.33 10 16.67 - - - - to child is

decreasing in the study area.

SA = Strongly Agree, A = Agree, D = Disagree, SD = Strongly Disagree

Farmers were unwilling to take responsibility for making check-dam and other conservation works for
restoring gullies, unless they are told to do so and even sometimes want to be paid for the maintenance of
gullies which is a serious problem that should be tackled. Waiting for external body (government and
NGOs) for maintaining and restoring gullies has made the gully to continuously expand both in depth and
width in the study area. Most local farmers believe that the maintenance and restoration of gully should be
carried out by government or safety net program. As a result, they couldn't undertake satisfactory action so
far on maintaining the gully. This finding is in agreement with the findings of Daniel (2002). In addition
to their attitudes (farmers), tree cutting for different purpose from the agro forestry system could have
positively contributed for gully development in the study area. As it was depicted in table 3, 66.7% of the
respondents have strongly agreed that tree cutting is the cause of gully development in the area. For this,
the species richness illustrated under section 4.2.4 in the area showed evidence of a gradual decline of
trees from the agro-forestry system.

On the other hand, the habit of tree planting in the agroforestry system is decreasing from year to year in
the study area. Around 75 (%) of the respondents have agreed with the assertion that there was a decreased
habit of tree planting in the study area. Moreover, weak transmission of indigenous agro-forestry
management knowledge (Abiyot et al., 2013) among the successive generational groups intensifies the
problem of gully development. Additionally, high population density in the study area resulting from
continuous land relocation by elders for their children were also hastens the development of gullies with
different dimension following the topo-sequence (upper, middle and lower slope).

3.3 Cause and rate of Gully Erosion in the study area

The sampled respondents identified seven major causes for gully development in the agroforestry system
and were ranked according to their contribution in the study area (Table 3).

Table 3: Causes of Gully erosion in the study area.
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N%  Causes Frequency Rank Sum of the three
top ranks Rank order
1 2 3 4 5 6 7
1 Tree cutting 5 4 4 3 3 1 2 13 1
2 Population pressure 5
5 - 3 4 1 1 10 3
3 Road
construction 4 4 1 - - 3 2 9 4
4 Steepness of the slope
4 6 2 1 2 - 1 12 2
5 Nature of the soil
2 -1 4 - 2 1 8 5
6 Improper land use
2 - 1 4 - 2 1 3 7
7 Rainfall 5 1 1 4 2 - - 5 6
Total 60

Among the seven major causes of gully erosion mentioned in the table, sampled respondents strongly
agreed that tree cutting or deforestation is the principal cause of soil erosion in the study area. This is due
to cutting of trees for different purposes like for fire wood, construction of house and for commercial
(timber) purpose. This is in agreement with the findings of Daniel et al. (1994). According to the result
from our trend analysis the gully is starting its development before the last 15 years. It’s typical nature has
a variable width along the topo-sequence in the study area (Table 4). The width of the gullies becomes
very wide at the upper slope category while it becomes very narrow at the lower slope in the study area.
Generally, based on the dimension of the gully, 6.31t ha™ year™ soil was removed from the study area.

Table 4: The dimension of gully measured beginning and end of one rainy season.

Evaluation Period (2014) Gully Description Measurement
Beginning of rainy season Length (m) 500
Average Depth (m) 3.65
Average Width (m) 51
Volume (m®) 9,307.50
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376  End of rainy season Length (m) 500
377 Average Depth (m) 4.2
378 Average Width (m) 5.5
379 Volume (m®) 11,550
380 Volume change in % 24.1%

381 3.4 Soil physical and chemical properties along the topo-sequence
382  3.4.1 Soil physical properties

383  3.4.1.1 Soil moisture content (SMC %), bulk density (Bd g cm™), total porosity (P;%) and void ratio
384 (Ve %0)

385  The study revealed that SMC (%), Bd (g cm™), P; (%) and V. (%) were significantly varied with slope
386  percent (P<0.001, Table 5), land Units (P = 0.001, P<0.001, Table 5) and Soil Depth (P<0.001, Table 5)
387  respectively. The combined effect of slope percent (SP %) and Land Unit (LU) were significant on Soil
388  moisture content (P= 0.006, Table 5) and all the rest had statistically insignificant effect on the soil
389  physical properties of the study area. The overall mean of SMC (%) was higher in Land with agro-forestry
390 system (LWAGS, Table 6) than in Land with Gully erosion (LWGE, Table 6). Higher SMC (%) was seen
391 on land unit with agroforestry system.
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Table 5: Summary of ANOVA for SMC (%), BD (g/cm3), SOC (%), Ve (%), NMO (simple count), pH (H20), P; (%) and EC (us) of the soil.

Source of  df SMC BD SOC Ve NMF pH Pt EC
Variation MS P MS P MS P MS P MS P MS P MS P MS P
SP 2 41.16 <0.001 0.13 <0.001 0.67 <0.001 5847.3 <0.001 93.34 0.41 0.053 0.44 187.74 <0.001 295.96 0.045
LU 1 6282 0001 015 0.001 11.51 <0.001 5836.2 <0.001 3870.02 <0.001 0.28 0.04 208.46 0.001 18725 <0.001
SD 1 251.13 <0.001 0.28 <0.001 1.81 <0.001 12025.7 <0.001 148519 <0.001 0.001 091 399.1 <0.001 39.97 0.504

SP*LU 2 2575 0.001 002 024 0.25 0004 33215 039 63.15 053 046 0002 2499 024 171.26 0.16
SP*SD 2 208 062 0003 0.804 0.084 0.114 36389 035 30.06 074 0.09 0.241 3.44 0.81 91.5 0.36
LU*SD 1 0006 097 005 087 0264 0.04 8348 062 92752 0.004 0.031 049 041 0.88 92.1 0.076
SP*LU*SD 2 654 0234 002 024 0116 005 756.29 012  21.65 0.801 0.002 097 2383 0.25 136.17 0.226

Error 36 4.32 0.012 0.04 340.76 97.20 0.062 16.61 87.79

Total 48

LU = Land unit, SD= Soil depth, SMC = Soil Moisture Content, BD = Bulk Density, SOC= Soil Organic Carbon, P = Total Porosity
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Moreover, the SMC (%) was increased along the topo-sequence and soil depth. The higher soil moisture
content was observed at the lower slope (2-8 slope percent) and at the bottom soil depth (15-30 cm) in
both land units (Table 6). The higher soil moisture content in land with agro-forestry system (LWAGS)
was resulted from the presence of higher SOC (%) content, less evaporation as a result of cover and due to
less soil disturbance (Boffaa, 2000; Hailu et al., 2000; Panday et al., 2000 and Oguike and Mbagwu,
2009). Furthermore, the formation of stable soil aggregates in LWAGS has contributed for the presence of
higher SMC in the soil (Mosaddeghi et al., 2000; Romaneckas et al., 2009; Tigist Oicha et al., 2010).
Previous studies (e.g. He et al., 2009; Rajeswari et al., 2009; Tripathi et al., 2009) have also demonstrated
that litter fall and crop residue that act as mulches can effectively reduce moisture evaporation from the
soil, reduce surface runoff and further keep the soil moisture longer. The higher SMC (%) at the lower
slope percent was attributed to the presence of soil deposition as a result of erosion effects coming from
the middle as well as upper slope area especially on land with gully. It is obvious that soil erosion results
in soil deposition at the lower slope so that the soil thickness automatically enriched and hence soil water
holding capacity (WHC) also increased. The lower SMC at land with gully (LWGE) was due to the
presence of less/no land cover and lateral subsurface flow associated with discontinuous permeability of
the soil profile and hence there was higher evaporation from the soil. Moreover, the soil disturbance as a
result of long year erosion (evidenced with respondents view) was also resulted in very thin soil with
minimum SOC (%) in the study area. This result was in agreement with results of Haile and Fantaw
(2014).

Table 6: Soil moisture content (SMC, %), bulk density (Bd g cm ), Total Porosity (Pt %) and Void ratio (V. %) in relation to
soil depth (cm), land units and slope categories (Mean+SE).

Land  Soil Depth Slope Categories
Variables  Unit? (cm) Upper Middle Lower Overall
SMC LWAGS 0-15  35.04(x0.99)  32.37(+0.66)  32.22(+22)  33.21(x0.77)

15-30  39.71(+x1.63)  35.71(x0.35)  37.31(*0.88)  37.58(0.75)"
Overall ~ 37.38(x1.25)* 34.04(x0.72)°  34.77(+1.34)
LWGE 0-15  30.41(+1.16)  28.06(x0.86)  34.23(x0.82)  30.90(+0.91)°
15-30  35.98(x0.67)  33.47(x0.75)  36.49(+0.94)  35.31(x0.57)°
Overall 33.19(+1.22)° 30.76(+1.15)*  35.35(x0.72)"
Bd LWAGS 0-15 1.04(0.09)  1.05(x0.12)  0.89(x0.29)  0.99(0.20)
15-30 1.21(+0.98)  1.1(0.15) 1.12(+0.04)  1.14(+0.03)
Overall 1.12(x0.06)*  1.07(+0.01)*  1.00(+0.05)*

LWGE 0-15 1.19(x0.7)  1.12(x0.35)  0.99(+0.24) 1.1(+0.04)°
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15-30 1.37(0.1) 1.32(x0.07)  1.09(x0.03)  1.25(0.05)
Overall 1.27(x0.07)°  1.22(x0.52)°  1.04(x0.03)
P, LWAGS 0-15 60.72(+0.36)  60.44(x0.43)  66.16(+1.06)  62.4(x0.9)*
15-30 54.4(x3.67)  58.37(x059)  57.8(x1.34)  56.8(x1.3)"
Overall  57.56(x2.08)* 59.4(x0.52)°  61.99(1.77)"
LWGE 0-15 55.09(+2.66)  57.64(+1.35)  62.65(x0.91)  58.46(+1.3)"
15-30 4849(+x3.1)  50.28(+2.7)  58.76(x1.11)  52.5(+1.98)*
Overall 51.79(+2.5)°  53.96(+1.97)°  60.7(+0.99)
V, LWAGS 0-15 1.55(+2.3) 1.53(+2.74) 1.96(+3.35)  1.68(4.8)°
15-30 1.23(+2.49)  1.4(+3.48) 1.38(+2.86) 1.30(3.8)"
Overall 1.38(+3.39)°  1.46(x3.13)°  1.67(x4.46)°
LWGE 0-15 125(+1.33)  137(+x4.28)  1.68(+ 2.36) 1.04(3.40)°
15-30 0.97(¢x1.35)  1.03(3.45) 1.43(+2.69) 1.14(+2.65)"
Overall 1.11(+1.49)° 1.19(+3.25)° 1.55(+3.01)?

Overall means followed by the same letter(s) across columns and rows are not significantly different (p>0.05) with respect to
land units, soil depth and slope categories.

# LWAGS- Land with agroforestry system, LWGE- Land with Gully erosion

The overall mean of soil bulk density (g cm™) was higher in LWGE than LWAGS. Higher soil bulk
density was seen on land unit affected by gullies. Moreover, there was also higher soil bulk density (g cm’
%) in the lower soil depth in both land units. In addition, the overall mean of soil bulk density (g cm™) has
shown decreasing trend along the topo-sequence in both land units. The higher bulk density in the LWGE
was due to the presence of less SOC (%) contents, soil erosion and soil compaction as a result of rain
droplets. With respect to soil depth, the presence of less soil aggregation as a result of lower SOC content
and the pressure exerted by overlying soil layer have caused higher bulk density in the 15-30 cm soil
depth (Arvidsson et al., 2000; Mosaddeghi et al., 2000; Mulugeta, 2004; Melesse, 2007). On the other
hand, concerning total porosity and void ratio, higher overall mean values were observed in LWAGS than
in LWGE along slope categories. Higher total porosity and void ratio were seen on land unit with
agroforestry system. On both land units, Pt (%) was increased along the topo-sequence with respect to soil
depth (Table 6). Considering the soil depth, on both land units, both P; (%) and V. (%) have shown
minimum values as soil depth increase (Table 6). The increasing and decreasing of P; (%) and V. (%)
along slope category and soil depth was directly connected with the distribution of soil organic carbon as
well as soil bulk density of the study area.
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3.4.2 Soil chemical properties
3.4.2.1 Soil reaction (pH, H,0), EC (pus) and soil organic carbon (SOC %)

The soil pH value of the sampled soils was significantly (p = 0.04) affected by land unit but not
significantly (p>0.05) affected by both slope category and soil depths (Table 5). Considering combined
effect, the interaction of slope percent and land units (SP*LU) have significantly (P = 0.002, Table 5)
affected soil pH. The overall mean values of soil pH on LWAGS relatively higher than soil pH on LWGE
(Table 7). So therefore, higher soil pH values were observed on land units with agroforestry system.
Relatively low value of soil pH under the LWGE might be due to two major reasons. The first reason
might be the depletion and removal of basic cations as a result of soil erosion. The result is in agreement
with the finding of Ubuoh et. al., (2013) who reported that low value of soil pH are recorded in erosion
prone area. According to the local people in the study area, the gully was formed 15 years before.
Therefore, there had been a continuous removal of basic cations in LWGE land unit. Secondly, it might be
due to its highest microbial oxidation that produces organic acids, which provide H ions to the soil
solution and thereby lowers the soil pH (Landon, 1991; Foth and Ellis, 1997). Gebeyaw (2007) also found
lower pH values in area affected by erosion compared to area with agro-forestry and attributed this to a
high rate of organic matter oxidation, which produces organic acids and provides H-ions to the soil
solution and thereby reduces soil pH.

Soil Electrical Conductivity (EC us) significantly varied with slope percent (P = 0.045, Table 6) and land
units (P<0.001, Table 5). Higher overall mean of EC was observed on LWAGS than LWGE. Along the
soil depth, EC (us) value was decreased on LWAGS and increased on LWG land units. Considering slope
percentage, higher value of EC was observed at the middle slope (Table 7). The higher value of EC at the
LWAGS was as a result of the presence of higher nutrient coming from accumulation of soil organic
matter.

Table 7: Soil Reaction (pH, H,0), Soil Electrical Conductivity (EC, us) and Soil Organic carbon (SOC,
%) in relation to land unit, soil depth (cm) and slope category (Mean£SE).

Soil Slope Categories
Variables Land Depth Upper Middle Lower Overall
Unit” (cm)
pH LWAGS 0-15 7.18(+0.16) 6.64(+0.31)  6.7(+0.09) 6.8(+0.13)?
15-30 7.07(20.08) 6.8(+0.01) 6.83(0.63) 6.9(+0.47)?
Overall 7.12(20.09)°  6.72(x0.14)*  6.78(+0.05)
LWGE 0-15 6.72(0.10) 6.84(+0.01)  6.69(+0.02) 6.75(+0.36)"
15-30 6.48(x0.19)  6.89(x0.02) 6.73(x0.04) 6.70(10.07)b
Overall 6.60(x0.11)"  6.68(+0.15)° 6.7(+0.02)"
EC LWAGS 0-15 70.1(#5.36)  79.92(x7.75) 64.15(+2.03) 71.39(+3.5)
15-30 66.88(x5.34) 61.73(x5.86) 65.3(x0.97) 64.63(%2.5)°
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Overall 68.48(+3.55)% 70.82(%5.66)° 64.72(+1.06)*
LWGE 0-15 45.37(+4.0)  60.65(+2.8) 55.88(x1.02) 53.9(+2.45)"
15-30 51.53(+8.63) 64.23(+2.46) 55.47(x0.67) 57.07(x3.15)°

Overall  48.45(x4.56)" 62.43(+1.85)* 55.67(x0.57)%
SOC LWAGS  0-15 2.19(x0.07)  2.27(x0.08)  2.2(x0.19)  2.29+0.07)°

15-30 1.31(x0.5)  1.95(x0.12) 1.8(+0.16)  1.68(+0.1)"
Overall 1.75(x0.17)* 2.11(+0.09)°  2.00(+0.14)"

LWGE 0-15 0.84(+0.04) 1.01(+0.04)  1.44(+0.08)  1.1(+0.08)"
15-30 0.64(+0.47) 0.81(x0.06)  1.13(+0.04)  0.85(%0.65)"
Overall 0.74(+0.05)°  0.9(+0.05)*  1.28(+0.74)

Overall means followed by the same letter(s) across columns and rows are not significantly different
(p>0.05) with respect to land units, soil depth and slope categories.

LWAGS- Land with agroforestry system, LWGE- Land with Gully erosion

SOC (%) significantly varied with land units (p < 0.001), slope percent (P<0.001) and soil depth (p <
0.001, Table 5). The interaction effect of slope percent and land units was also significant (p = 0.004,
Table 5). Moreover, the combined effects of land units and soil depth were also significantly (p = 0.011,
Table 5) affect SOC. The overall mean of SOC was higher in soil under LWAGS than in LWGE with
respect to slope category (upper, middle and lower slope), respectively. So therefore, higher SOC (%) was
recorded on land units with agroforestry system. Soil organic carbon was increased along the topo-
sequence and decreased along the soil depth in both land units. The increment in SOC along the topo-
sequence can be attributed to lower OM oxidation, lower losses of SOC due to soil erosion and higher
deposition effects by slope position (Gregorich et al., 1998). The higher SOC in LWAGS was due to the
lower organic carbon turnover rate as a result of minimum soil disturbance, less water erosion occurrence
(due to the presence of crop residue and perennial crops) and accumulation of higher amounts of organic
matter in the soil (Post and Kwon, 2000; Worku Burayu et al., 2006; Sithambaranathan, 2009). The lower
SOC in LWGE (Table 7) in relation to LWAGS was due to oxidation of OM (high turnover and
decomposition rate) due to frequent soil disturbance, breakdown and removal by water erosion (Solomon
et al., 2000; Fantaw et al., 20064, b; Liu et al., 2006; Strudley et al., 2008).

According to Fantaw et al. (2007), water erosion promotes SOC loss due to exposing micro-aggregate
organic carbon to microbial decomposition by changing the moisture and temperature regimes.
Furthermore, the insufficient input of organic materials in soil under the LWGE due to the presence of less
crop residue (Solomon et al., 2000; Igue, 2004; Mulugeta, 2004) also contributed to the lower level of
SOC content. The vertical distribution of soil organic carbon appeared to differ with land units.
Irrespective of land units, the top surface soils (0-15 cm depth) showed relatively higher SOC content
compared to the 15-30 cm depth layer. The decrease in SOC with depth was more rapid under LWGE
than in the LWAGS (Table 7). He et al. (2009), Hiederer (2009) and Mulugeta (2014) reported similar
results of a decrease in SOC with soil depth, a result of corresponding decrease of organic matter storage
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via root biomass and litter decomposition, which are the main pathways of organic carbon inputs (Saikh et
al., 1998; Zhong and Qiguo, 2001). On the other hand, household waste disposal and compost addition as
well as dead weeds left in the farm plots might have increased the SOC at the top surface layer under the
LWAGS.

4.2.3 Soil biological properties
4.2.3.1 Naked eye macro-fauna (NMF,%0) in the soil

Naked eye soil Macro-fauna was significantly varied with land units (P<0.001) and soil depth (P<0.001,
Table 5) but not with slope category. The combined effect of land units and soil depth were significant (P
= 0.004) on NMF of the soil. The overall mean value of NMF was higher in the LWAGS than LWGE.
The overall values of NMF (Table 8) were decreased along the soil depth in both land units while it is
increasing along the slope categories. The increased in NMF in LWAGS was due to the presence of higher
organic matter in the soil. On the other hand, the less number of soils NMF along soil depth was as a result
of less amount soil organic matter and soil compaction as a result of weight of overlaying soil (Moges et
al., 2013). Biological activity in soils is largely concentrated in the topsoil (Anton, 2004). On both land
units, the number of macro-fauna has increased along the topo-sequences. This was partly because of
deposition at the lower slope especially on the LWGE land units.

Table 8: The number of Naked eye Macro Fauna (NMF) in the study area.

Variables Land Soil Slope categories
Unit”~  Depth
(cm) Upper Middle Lower Overall
NMF  LWAGS 0-15  24.75(+6.48) 27.25(x3.66)  37.8(x4.14) 30(#5.10)
15-30 9.00(x4.00) 8.75(+1.25) 12.25(+4.09) 10(+1.80)"
Overall  16.87(%4.64) 18.0(+3.90)* 25.0(8.34)"
LWGE 0-15 3.0(x4.00) 2.5(+0.65) 4.0(+4.08) 3.16(0.2)"
15-30 0.5(x0.28) 1.0(20.41) 1.0(x0.41)  0.83(x0.2)*

Overall  1.75(0.53)° 1.75(0.45)>  2.5(+0.63)

Overall means followed by the same letter(s) across columns and rows are not significantly different
(p>0.05) with respect to land units, soil depth and slope categories.

" LWAGS- Land with agroforestry system, LWGE- Land with Gully Erosion
4.2.4. Species diversity and species richness

A total 71 plant species (41 trees, 13 shrubs, and 17 herbs). These species belongs to 45 families (20 in
Agro-forestry system and 25 in area affected by gully erosion (Table 9). Fabaceae was the most species-
rich family comprising 9 (12.7%) of the total plant species identified in the study area, followed by
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Euphorbiaceae with 8(11.3%) species. The next dominant families were Moraceae with 7 (9.9%) species.
Rutaceae and Myrtaceae were each represented by 6 species and together accounted (16.9% of the total
identified species). The remaining 25 families (49.2%) were rare and each represented by a single species.
When considering the two areas separately, a total of 30 and 41plant species were recorded in agro-
forestry system and areas affected by gully erosion respectively. Fabaceae was the most species-rich
family represented by 4 species (in the agro-forestry system) and 5 species (in the gully affected area)
followed by Euphorbiaceae with 4 species in each areas. Out of the total 71 species, 19 plant species
including Acacia decurrence, Aframomum corrorima, Carica papaya Catha edulis, Citrus medica Citrus
aurantium, Coffee arabica, Cupressus lusitanica, Eucalyptus camaldulensis, Grevillea robusta,
Jacaranda mimosifolia, Mangifera indica, Myrtus communis, Persea Americana, Psidium guajava, and
Rhamnus perinioide, were all planted species.

Table 9: List of families with species number >=2 within agro-forestry system and area affected by gully.

LWAGS*®

LWGE

Study area in total

Family names No of species Family names

No of specie Family names

No of species

Fabaceae 5 Fabaceae 4 Fabaceae 9
Euphorbiaceae 4 Euphorbiaceae 4 Euphorbiaceae 8
Moraceae 4 Rutaceae 3 Moraceae 7
Myrtaceae 4 Rubiaceae 3 Rutaceae 6
Rhamnaceae 3 Moraceae 3 Myrtaceae 6
Rubiaceae 3 Asteraceae 3 Rubiaceae 4
Rutaceae 3 Anacadiaceae 2 Asteraceae 4
Asteraceae 3 Verbenaceae 2 Anacadiaceae 2
Boraginaceae 2 Myrtaceae 2 Rhamnaceae 3
Ebenaceae 2 Ebenaceae 2 Olacaceae 3
Ranunculaceae 2 Cappardaceae 2 Acanthaceae 3
Malvaceae 2 Asclepiadaceae 2 Boraginaceae

2 Bignonaceae 2

Olacaceae 2 Boraginaceae 2
Cappardaceae 2
Celasteraceae 2
Cuprressaceae 2
Dracaenaceae 2
Ebenaceae 2

Total 41 30 71

*LWAGS, Land with agro-forestry system, LWGE, Land with Gully Erosion.
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The woody species diversity indices of the study area recorded in the whole agro-forestry system is
presented in Table 10. The area affected by gully had higher values of species richness, evenness and
diversity than the agro-forestry system. The Sorensen’s floristic similarity index (Ss=28.7%) showed that
the two areas share very few plant species. In addition, plant species identified in IUCN Red Data list as
endangered: Millettia ferruginea, Rhus glutinosa and Vepris dainellii, and threatened endemic species:
Acanthus sennii and Clematis longicauda were recorded in the study area.

Table 10: Comparison of richness, Shannon diversity (H’) Simpson’s diversity (D) and evenness (E) of
woody species in coffee-based agro-forestry system and area affected by gully erosion.

Diversity
Land Units | Richness H E D
LWGE 60 2.96 0.43 0.94
LWAGS 48 2.21 0.23 0.75
The study area 74 2.6 0.64 0.66

The Sorensen's similarity index of the two patches =28.7%

'LWAGS- Land with agroforestry system, LWGE- Land with Gully Erosion

The woody species diversity index of agro-forestry system (H=2.21) was lower than the gully affected
area (H=2.96). The lower Shannon diversity index in agro-forestry system may be due cutting of
trees/shrubs for different purposes like of fuel wood and timber, removing of trees/shrubs to give space for
coffee plant. It is clear that species composition and agro-forestry system structures significantly affected
by human activities. Anthropogenic disturbances create an environmental difference through favoring
selected and suppressing the unwanted plant species. The finding in this study agrees with Tripathi and
Singh (2009). Analysis of evenness index showed that the different species in the agro-forestry system
were unevenly abundant/distributed (E=0.23) than those in gully affected areas (E=0.43). Despite the
proximity of the two areas to each other, they shared only 32.4% of the species which indicates that each
area was composed of different woody species. This might be the impact of anthropogenic influence
(management), slop and altitude of the two areas. The overall woody species diversity of the study area
was found to be H= 2.6. The number of species (71) recorded in the study area was found to be higher
than the number of species recorded in other Ethiopian agro-forestry systems (Abebe et al., 2010; Tesfaye,
2013; Ewketu et al.,2014 ). However, the total species number in this study was lower than that reported
by (Kitessa and Tsegaye, 2008; Teshome et al., 2004). Fabaceae was the family represented by highest
number of species in the study area.

Generally, factors like human and environmental influences have a strong impact on agro-forestry system
structure, composition and species richness Espinosa and Cabrera (2011) though it depends on intensity
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and persistency of influences (Kuffer and Senn-irlet, 2004). Possible reasons for these differences may be
laid on landscape fragmentation or microclimatic factors.

CONCLUSION

The farmer's attitude has contributed for gully
development in the coffee-enset based agro-
forestry system and takes the lion share in the
study area. Even if the area is characterized by
self-regeneration capacity, it could not able to
withstand the human interference (since majority
of the household income is generated from the
agroforestry ~ system).  According to the
respondents, tree cutting, topography of the area
and population pressure were become the main
cause for gully development in the study area.
Moreover, weak IK transmission (about agro-
forestry system) from elders to youth has played a
major role for gully development. So therefore,
strong awareness creation campaign through
training the local farmers on the overall situation
of the agro-forestry system would have a positive
impact on its future fate.

In relation to soil property, LWGE has shown a
remarkable decline in soil quality indicators while
LWAGS have shown a great potential in
improving soil physico-chemical properties.
Understanding the effect of these two land unit
(LWAGS & LWGE) on soil property changes is
quite important for the prediction of overall soil
behaviors and its response to different
management options. The investigated soil under
LWAGS has shown improvements in Soil
moisture contents, EC, Porosity, Void ratio, pH,
SOC, NMF and low soil bulk density, favoring
good soil structure, aeration and root penetration.
These improvements were a direct result of high
SOM and less soil disturbance in LWAGS. In
relation species richness and diversity, LWAGS

has a minimum richness and diversity index as
compared to LWGE land units as a result of
continuous farm management. The soil under
LWGE has shown poor physico-chemical as well
as biological properties. Therefore, LWAGS is a
good management option for rehabilitation and
improvement of soil qualities. Thus, these soil
properties should be maintained and restored
through appropriate land as well as soil
management practices and gully control measures.
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