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Abstract. Ecological values of land use are important for the survival of human beings. Understanding 

their dynamic nature is essential for appropriate decisions. However, most often, economic value 

quantification has received major emphasis whereas ecological values are mostly overlooked, especially 

in developing countries. With the aim of quantifying ecological values of land use via criteria-based 

farmer’s assessments and empirically analyzed soil properties, three land use types [conservation tillage-

based agroforestry land (CTAFL), conventional tillage-based cultivated land (CVTCL) and enclosure-

based communal land (ECL)] were selected. Criteria-based scoring was used and 90 farmers participated. 

For soil analysis, sample collection was done following sampling procedures. The results show that 

farmers have higher preference for CTAFL followed by ECL and CVTCL. This was due to higher 

ecological values derived from the CTAFL throughout the year with minimum variation compared to 

CVTCL and ECL. Almost all measured soil variables exhibited significant variation (p < 0.001) among 

land use type. Almost all soil variables exhibited higher mean values for CTAFL and this supported the 

results of the farmers’ assessments. All ecological value improvements observed for CTAFL were related 

to clay fractions coupled with the SOC content and degree of soil disturbance. This result implies that 

conservation and participation based land management is a means to obtain sustainable ecological 

benefits from land use types. 
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Introduction 

Quantification of ecological values of land use types is an essential part of land use 

planning (Feng et al., 2014) that is often used for appropriate land use decision-making 

and implementation processes (Braimoh and Vlek, 2008; Itanna et al., 2011; Feng et al., 

2014). It can be observed as the link between the science of ecology and the actual 

practice of land use type management (Geneletti, 2006). In the past few decades, there 

has been a growing of interest in the science of land use type functions and its 

ecosystem services provided since the release of the millennium ecosystem assessment. 

Land use types provide different ecological values or functions to human beings 

(Duguma and Hager, 2011; Feng et al., 2014). However, the values or functions derived 

from these land use types by human beings should be quantified to avoid further land 
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degradation. Evaluation of ecological values of land use types helps decision makers to 

balance the actual existing land use type resources and human demands (Liu et al., 

2014). Currently, different countries have faced challenges in balancing land use type 

resources and the alarmingly increasing human population and its demands (De Groot et 

al., 2012). On the other hand, due to the continuous interactions of inhabited 

component’s of land use types and the processes occurring within these areas, the 

ecological values of land use types has high spatial and temporal heterogeneity (De 

Groot et al., 2002; Wade et al., 2008). As a result, it is found to be difficult to obtain 

absolute means for evaluating land use values (especially non-marketable goods and 

services) rather than understanding them in relative terms. 

The benefits derived from land use types can be broadly categorized as economic, 

ecological and social (De Groot et al., 2002, 2012; Duguma and Hager, 2011). 

However, their benefits depend on characteristics of their biotic components and 

management activities. Most scholars focus on the economic aspects of evaluating 

ecosystem services of land use types, and hence, there have been scant evaluation of 

land use types in terms of ecological values. Scholars (such as MEA, 2005) have noted 

that the ecological benefits of land use types are widely recognized but poorly 

understood and further indicated that most management decisions about land use types 

are made based on potentially marketable goods that can be easily extracted. As a result, 

non-marketable ecological values of land use types are often left unobserved by most 

scientific communities. Quantification of the ecological values of land use types using 

multiple criteria can have tremendous impact on the land use decision-making processes 

employed by farmers. The approach has a capacity to induce active participation of the 

farmers. It has also an advantage in terms of validation of the results because most of 

the intangible ecological values of all land use types are considered by farmers. 

Therefore, it is imperative to use a criteria-based approach and allow farmers to 

participate in the processes of evaluating land use types. 

Understanding ecological/ecosystem services of land use types from soil 

performance using indicator or dynamic approaches is also essential for land use 

decision-making. Greiner et al. (2017) tried to place the contribution of soil to 

ecosystem services in a cascading framework from soil properties and functions to the 

benefits derived from them through the impact on land use types. The soil as natural 

capital is able to support the delivery of ecosystem services which makes the soil as one 

of key components of terrestrial ecosystem. Despite its importance, most studies (De 

Groot et al., 2002; Duguma and Hager, 2011; Comerford et al., 2013; Adhikari and 

Hartemink, 2016; Costantini, 2016; Leemans and de Groot, 2003) explain ecosystem 

services with minimal focus on the performance of soils. Moreover, studies performed 

by (Dominati et al., 2010; Breure et al., 2012; Pereira et al., 2018) argue that soil 

components have been overlooked as vital resources, despite the fact that soils are key 

for enhancing ES and ecological values of the land use type. Soil as a system needs 

emphasis (Pereira et al., 2018) because it influences the ecological values of land use 

types directly or indirectly through its properties and the processes undertaken within it 

(Costanza et al., 2010; Greiner et al., 2017). Therefore, examining soil properties as 

indicators of land use performance is helpful for obtaining a further detailed 

understanding of soil ecosystem services and their reciprocal effects. 

Soil performance can be undermined by different agents, including both natural and 

anthropogenic sources. Among these, soil degradation is highly noted (Adhikari and 

Hartemink, 2016; Negasa et al., 2017; Pereira et al., 2018). It is a widespread problem 
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in East Africa, particularly in Ethiopia. It causes deterioration of ecological/ecosystem 

service values of the soil. It negatively affects the provisioning, supporting and 

regulating service of the soil (Pereira et al., 2018). Such problems are commonly 

observable on land use types managed by unsustainable practices. For instance, 

intensive and frequent cultivation of soil decreases soil biomass, organisms, and carbon 

content and increases soil compaction, erosion, acidification and salinization 

(Costantini, 2016; Greiner et al., 2017). Therefore, sustainable soil and land use type 

management practices have important implications for the quantity and quality of 

ecological/ecosystem services provided by soil and the land use itself. 

Three land use types predominant in the study landscape. These are: conservation 

tillage based agroforestry land (CTAFL), conventional tillage based cultivated land 

(CVTCL) and enclosure based communal land (ECL). These land use types have been 

managed differently using farmers’ indigenous knowledge (Kanshie, 2002; Kura, 2013). 

Traditional farming equipments such as hand hoes and Maresha (Ketema and Yimer, 

2014; Negasa et al., 2017) have been commonly used by farmers. To minimize land 

degradation and improve the ecological values of the land use types, different measures 

have been implemented in the area including agroforestry systems and soil conservation 

measures. Despite the fact that some conservation practices are implemented to improve 

the ecological values of land use types (Temesgen et al., 2018a), to the best of our 

knowledge, the ecological values of the land use types are not well studied. Except 

Temesgen and Wu (2018), the few studies conducted in the area were mainly focused 

on species diversity, biomass, carbon sequestration and indigenous knowledge transfer 

practices (Kanshie, 2002; Kura, 2013; Negash and Kanninen, 2015) in addition to soil 

properties according to the age of land use type (Ketema and Yimer, 2014) and 

toposequence (Negasa et al., 2017). Few studies focused on quantifying the ecological 

values of land use types via criteria-based farmers’ assessment and empirically analyzed 

soil properties have been found. In this work, we aimed to compare the ecological 

values/ecosystem services of the three land use types from the perspective of farmers’ 

assessments and soil properties. This study therefore focused on the following basic 

research questions: 

1. Does the enclosure-based communal land use type (ECL) possess greater 

ecological values compared to individually owned conservation tillage-based 

agroforestry land (CTAFL) and conventional tillage-based cultivated land 

(CVTCL)? 

2. What empirical evidence has been obtained from the soil as a result of land 

management applied on each land use type that positively or negatively affects 

the ecological values of the land use system? 

3. What relationship is there between farmers’ ecological value assessments and 

the results of soil empirical analysis of land use types? 

Materials and methods 

Description of the study area 

The research was conducted in Wonago district (Fig. 1) located on the southeastern 

escarpment of the Ethiopian rift valley (Negasa et al., 2017). Hydrologically, the area is 

located in the Gidabo watershed. The upper-lying area of the watershed is the source of 

many perennial rivers that usually feed Abaya-Chamo Lake. The altitude of the area 
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ranges from 1400-1800 m asl. Geographically, it extends between 6°15’ N to 6°26’ N 

latitude and 38°10’ E to 38°12’ E longitude. 

 

 

Figure 1. Map of the study area 

 

 

The area is characterized by a bimodal rainfall distribution with a maximum between 

March and July and minimum between August and October (Fig. 2). The mean annual 

rainfall and temperature of the study area range from 1200 to 1800 mm and from 15.10 

to 22.5 °C, respectively. 

 

 

Figure 2. Mean monthly rainfall (mm) and temperature (°C). (Source: National Meteorological 

Services Agency (NMSA) of Ethiopia, 2017) 
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The land use system of the area is not purely crop farming (CVTCL); rather there are 

also agroforestry systems (CTAFL) and enclosure area (ECL) (hereafter known as land 

use types). The first two are owned by individual small holder farmers whereas the third 

land use type is owned by the whole community. The local farmers produce cereals 

using traditional farm equipment known as “Maresha” (Fig. 3). The plowing system is 

simple with shallow tilling to a soil depth of 15 cm on average. This traditional tillage 

implement is commonly drafted by oxen (Gebregziabher et al., 2006). Because of its V-

shaped plowing via Maresha, the local farmers have to perform repeated tillage (2-

4 times per season) with any two consecutive tillage operations performed 

perpendicular to each other. As a result, the soil is pulverized resulting in weak soil 

structure and compact formation (Ketema and Yimer, 2014). Moreover, the local 

farmers usually remove crop residues from cultivated land after harvest for either wood 

or animal feed. Thus, no crop residue remains in the field each season for either 

mulching or organic matter amendment to the soil (Ketema and Yimer, 2014; Negasa et 

al., 2017). 

 

 

Figure 3. Traditional plowing equipment by oxen 

 

 

The agroforestry land use type (CTAFL) of the area is well known due to it being a 

traditional means of life for the local people. Hand hoe is traditional farming equipment 

used for the agroforestry system (Fig. 4). Perennial trees (Millettia ferruginea, Ficus 

vasta and Erythrina abyssinica) and annual crops intermingle mostly in mutual co-

existence. The local farmers leave weedy herbaceous materials on top of the soil with 

the objectives of mulching and addition of organic matter to the soil system. Therefore, 

nutrient cycling and soil protection from erosive forces and inducing rainwater to 

percolate into the soil are advantages derived from the system. 

The communal land, which was recently changed to the enclosure land use type, was 

initially used as grazing land by the local people. However, after years of continuous 

usage, it was totally changed into degraded and gully-dominated land. To curb the 

problem, the area was changed to enclosure area together with implementing biological 

and physical soil conservation measures intended to accelerate the land restoration 

processes. 

The dominant soil of the study region is chromic luvisol (Kanshie, 2002). Chromic 

Luvisol has good agricultural potential. It is characterized by Argillic B horizon due to 

accumulation of clay in the subsurface (Ketema and Yimer, 2014; Negasa et al., 2017). 

Clay is the dominant textural fraction in the study area. 
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Figure 4. Traditional hand hoe tool used in agroforestry system. (Source: authors’ field photo, 

2018) 

 

 

Data collection and analysis 

Quantification of ecological values of the three major land use types under study was 

performed using four stages (Fig. 5). These were the following: (1) after identification 

of individual farmers using snowball techniques, on-site in-depth interviews were 

performed to understand farmers’ perceptions about the ecological values of the land 

use types. The interview was conducted in February 2018 and lasted 1:00–1:30 h per 

interviewee and were focused on the bonds that exist between the farmers’ households 

and land use types. The farmers’ household characteristics were also given due 

emphasis during the interviews. (2) A criteria-based scoring approach was applied using 

a famous local game known as the bao game. (3) Focus group discussion (FGD) was 

held with selected respondents (10 key informants identified) to consolidate and explain 

the reason behind the bao game rating values and the potential of the land use types in 

providing the selected ecological values to the local people. For better visual 

understanding and explanation of farmers, a photo panel of each land use type was used 

for participants in the focus group discussion and bao game. The local knowledge of 

farmers obtained over years is essential for examining the intangible ecological values 

of land use types. Therefore, participatory techniques play a significant role in assessing 

the intangible ecological values of land use types. (4) For empirical soil analysis, soil 

data were collected from three land use types (Table 1). The same land use types were 

used for soil data collection and farmers’ assessments. 

Bio game is a traditional game played in most East Africa countries (Duguma and 

Hager, 2011; Temesgen and Wu, 2018). It is an approach used to draw out farmers’ 

ratings of and reasoning about the ecological values of different land use types. In 

Ethiopia, the game is commonly played by rural people. It is played by group of people 

sitting around a board that is either a wooden board or smoothed ground with holes used 
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for placing play balls (mainly seeds) inside. The numbers of holes on the board are 

different at different places, but for this research, we used board with an 8*2 matrix to 

place the rankings of five ecological values (five criteria) for three land use types. The 

scoring procedure was applied to 90 respondents with a 0-5 Likert scale, with 0 and 5 

representing the lowest and highest ecological values of the land use types, respectively. 

For scoring land use types, respondents used seeds of haricot bean (a common seed 

available in the area), where farmers counted the seeds and placed them in the bao game 

board hole. To minimize farmers’ confusion, each land use type was considered one by 

one according to the five criteria. Different scholars (Franzel et al., 1995; Mafongoya 

and Kuntashula, 2005) have used this game for different participatory research 

activities, such as for selection of multi-purpose tree species and soil fertility evaluation 

in Western Kenya and socio-cultural and ecological ecosystem service valuation in the 

southeastern escarpment of the Ethiopian rift valley (Temesgen and Wu, 2018) and 

central highland. 

 

 

Figure 5. Conceptual framework of the study 

 

 

The selected land use types are contiguous to each other and have similar 

environmental conditions. Each land use type was categorized into three slope positions 

(upper, middle and lower slope), and soil data were collected from each slope position 

following the transect line. Factorial analysis with an RCBD design was employed. A 

total of 54 composite soil samples (3 slope positions * 3 land use types * 3 replications 

* 2 soil depths, with soil depths of 0-20 and 20-40 cm) were collected in February 2018. 

The soil samples were air-dried, crashed, and passed through a 2-mm-diameter sieve. 
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Undisturbed soil samples were also collected for the purpose of determining of the soil 

bulk density (Hillel, 2004). The soil textural fractions (USDA, 1972), soil organic 

carbon (Schnitzer, 1982), bulk density, cation exchange capacity, total nitrogen 

(Bremner and Mulvaney, 1982), soil pH, soil electrical conductivity, soil moisture 

content (Cuenca, 1989) and soil total porosity (Oguike and Mbagwu, 2009) were 

determined following standard procedures. The number of macro-organisms observed 

by the naked eye in the soil sample was determined using simple counting techniques 

(Negasa et al., 2017). For evaluating the hydraulic conductivity of the land use types, a 

double-ring infiltrometer was used (Bertrand, 1965). The design used during the 

measurement was 3 land use types * 9 time rates * 2 replications. Therefore, a total of 

54 infiltration measurements were obtained. 

 
Table 1. Selected land use types and their descriptions 

Land use type Description 

Conservation tillage-based agroforestry 

land (CTAFL) 

It is a traditionally managed agroforestry system where annual 

and perennial crops grow together with the concepts of 

conservation tillage practices. It is owned by individual farm 

households and has no physical soil conservation measures 

Conventional tillage-based cultivated 

land (CVTCL) 

Cropping field cultivated with conventional practice using 

traditional equipment (Maresha) 2-4 times per season. It is 

owned by individuals and has soil bund and faniyaa juu 

conservation structures for the sake of minimizing soil erosion 

in the area 

Enclosure-based communal land (ECL) 

This is a land owned by the community and controlled by 

Kebele leaders and community nominated groups. It is a closed 

area with no human and animal interference. Each year the 

community constructs and maintains different soil and water 

conservation structures on the land use in campaign. Cut and 

carry system is only allowed for local farmers 

 

 

Criteria selection for evaluating ecological values of land use types 

A snowball technique was used to select respondents who were able to list ecological 

values associated with any land use types in their localities. Snowball sampling is a 

technique used to select respondents who are knowledgeable about the ecological values 

of the land use types in the area. The name reflects an analogy with a snowball 

increasing in size as it rolls downhill. Every respondent involved can suggest another 

respondent who they think would be able to offer more information about the ecological 

values of the land use types in question. In doing so, 100 respondents in total were 

selected, out of which 90 were for scoring and 10 were for listing the scoring criteria. 

During this participatory listing of criteria, maximum precaution was taken to avoid 

repetition of criteria with similar ideas. After listing 10 criteria, respondents were asked 

to list the main five criteria (Table 2) that they believed could able to represent the 

ecological values of the land use types in question. 

 

Data analysis 

Descriptive statistics and analysis of variance (ANOVA) were used to analyze the 

data. The scores given to the five criteria were obtained as quantities measured on a 

continuous scale. Computation of ecological values of each land use types was 
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performed by summing the scores given by each respondent. The relative importance 

was also computed by dividing the mean values scores by the sum of mean of the five 

criteria and multiplying by 100 to obtain percentage values. Laboratory results were 

analyzed using the General Linear Model (GLM) procedure implemented in the SPSS 

version 20.0 for Windows software package. Tukey’s Honest Significance Difference 

(HSD) test was used when the mean separation exhibited statistically significant 

differences (p < 0.05). 

 
Table 2. Definition of ecological values as per the local context given by the farmers 

Criteria Description 

Ecological values  

Minimizing soil erosion 

(MSE) 

The potential of the land use to reduce soil erosion, presence of deep and 

fertile top soil, organic matter and ability to grow tree seedlings and grasses 

Improve water availability 

and infiltration (IWAI) 

The ability of the land use to hold soil moisture within it and able to give as 

water sources such as springs for utilization, minimum or no observation of 

flooding or run-off 

Feed source for animals 

(FSA) 

The values of the land use to provide feeds for animals through cut and 

carry system or direct feeding throughout the year or during dry season 

Micro-climate improvement 

(MCI) 

The ability of the land use to create conducive climatic conditions in the 

area (Farmers expressed as: when we get outside, we able to get free and 

clean oxygen) 

Soil fertility improvement 

(SFI) 

The capacity of the land use to improve its soil fertility from its organic 

matters, minimize the washing effects of run-off or rainfall and in the area 

Results and discussion 

Criteria-based evaluation of ecological values of land use types 

Relative importance (RI) of land use types 

The relative importance shows how important each of the given criteria is relative to 

other criteria for a given values of land use type. All the criteria listed by farmers 

(Table 3) had nearly equal importance to the area and received complementary or 

competitive contributions from each land use types in the study region. It was clearly 

noted from the farmers’ FGD results that conservation tillage-based agroforestry land 

(CTAFL) use has a complementary effect on each ecological value criterion and land 

use type. Table 3 indicates that more than 60% of the mean scores for the ecological 

values of CTAFL received mean values of >4.5 (MSE, IWAI & SFI), whereas the 

remaining 40% had mean values of >3.5 (FSA & MCI). The higher ecological values 

gained from CTAFL (for instance, increased animal feed sources and higher soil 

fertility) could be a relief and opportunity to consolidate other land use types. Almost 

67% of the mean score for ecological values of the conventional tillage-based cultivated 

land (CVTCL) use type received mean values of less than or equal to 2.5. Due to 

continuous soil disturbance, all ecological values perceived by farmers were low, and 

this land use type has competitive effects on itself (CVTCL) and on other land use 

types. 

Similarly, more than 60% of the mean score for enclosure based communal land 

(ECL) use had RI greater than 20% (Table 3). Therefore, based on the sum of the mean 
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score and overall farmers’ preferences, the ecological values of land use type were 

ranked as CTAFL > ECL > CVTCL in the study region. 

The highest preference for the CTAFL land use type was due to its complementary 

effect either in increasing production or in reducing soil erosion which has been a 

common scenario of the country as a whole (Bewket and Sterk, 2003; Temesgen et al., 

2018b). Regarding the knowledge of farmers, the higher preference for CTAFL was due 

to four major issues: (1) the presence of different annual/perennial plants and 

herbaceous weeds on it, (2) the presence of plant density, (3) the diversity of 

agroforestry components in forming vertical strata (important for rainfall interception 

and shed for understory crop/plant species, and (4) the advocacy of government officials 

and development agents concerning multiple functions of the CTAFL land use type for 

improving the watershed. Furthermore, the role in maintaining soil fertility and keeping 

the soil moisture always “wet” are the main reasons for higher preference of farmers for 

the CTAFL land use type. This study agrees with research findings of Temesgen and 

Wu (2018), which states that the agroforestry land use type is the dominant 

ecological/ecosystem service provider and is most preferred by farmers, while 

cultivated land receives the least preference in the southeastern rift valley escarpment of 

Ethiopia. Duguma and Hager (2011) also observed a higher preference of farmers for 

land use types with homestead trees and shrubs and the weakest preference red 

cultivated land in the central highlands of Ethiopia. 

 

Minimizing soil erosion (MSE) and improving water availability and infiltration (IWAI) 

Land use types either positively or negatively affects soil erosion, soil water 

availability and infiltration (Ketema and Yimer, 2014; Negasa et al., 2017). The CTAFL 

and ECL land use types have higher contribution in minimizing soil erosion (91.2% and 

0.6%, respectively) and improving water availability and infiltration (93.88% and 

5.56%, respectively) relative to the CVTCL land use type. These highly valued 

ecological services in the study region indicate that there is a consensus between 

farmers’ perception and the existing scientific literature. The CTAFL land use type’s 

role in MSE and IWAI is in agreement with the general principles of agroforestry 

systems. The anchoring effects of diversified plant species by their roots and rainfall 

interception role of their branches, litter fall and dead plants available on the surface 

have played significant roles in MSE and IWAI on both CTAFL and ECL land use 

types. This assertion is supported by Kanshie (2002), Kura (2013) and Temesgen and 

Wu (2018). Similar conclusions were also reached by other studies, such as Lal (2003). 

Due to CTAFL, the local farmers have accessed water points nearby their village, and 

this encouraged them to spatially expand agroforestry system, even towards the lowland 

part of the study region. 

Despite it being owned by the community and lacking some procedures for using its 

resource by the community (who are entitled to rights of use), the ECL land use type 

has positively impacted soil erosion and water availability in the area. Every year, all 

the local farmers contribute free labor voluntarily for maintenance in addition to 

construction of new SWC measures (Mazengia et al., 2007; Habtamu, 2011). The free 

labor contributions of farmers have improved the ecological values of land use types 

and at the least they have reduced or avoided competition with other agricultural 

practices (Tefera et al., 2005; Mazengia et al., 2007). However, CVTCL was least 

favored in MSE and IWAI compared to CTAFL and ECL land use types (Table 3). 

During FGD with key informants, three important points were raised as the main 
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reasons for these preferences: (1) poor attention to crop land management (e.g., lack of 

maintenance of SWC structures, low input such as manure and compost, and no crop 

residue left after harvest), (2) frequent tillage (at least 2-4 times per season) and (3) 

inappropriate land use practices (a failure to link the right land use practice to the right 

land use type). Moreover, since the land use type is open land with no cover, crust 

formation after rainfall may enhance soil erosion in the area. This result is in agreement 

with findings of Wade et al. (2008) and Duguma and Hager (2011), in which the 

minimum ecological values were observed for cultivated land due to the problem of soil 

erosion. 

 
Table 3. Relative importance of land use types determined using the criteria-based scoring 

approach 

Evaluation criteria 

Land use types 

CTAFL CVTCL ECL 

Mean 

score 
RI* Rank 

Mean 

score 
RI* Rank 

Mean 

score 
RI* Rank 

Ecological values          

Minimizing soil erosion 

(MSE) 
4.78 22.07 1 2.5 18.38 2 4.75 22.2 1 

Improve water availability and 

infiltration (IWAI) 
4.75 21.93 2 2.45 18.01 3 4.5 21.02 2 

Feed source for animals 

(FSA) 
3.95 18.24 4 4.5 33.09 1 4.35 20.33 3 

Micro-climate improvement 

(MCI) 
3.65 16.85 5 2.15 15.81 4 3.65 17.06 5 

Soil fertility improvement 

(SFI) 
4.53 20.91 3 2 14.71 5 4.15 19.39 4 

Overall mean score 4.33  1 2.72   3 4.28  2 

*RI = relative importance 

Data from 90 farmers. The rating of 1 to 5 refers to the score (number of seeds) that the farmers gave to 

each land use type in terms of a particular criterion. A rating of 5 was excellent, and a rating of 1 was 

poor 

 

 

Source of feed for animals (FSA) and soil fertility improvement (SFI) 

CVTCL was the most preferred land use type due to it being a source of feed for 

animals. Once it is harvested, the feed is used throughout the year, with some 

supplementary source from CTAFL and ECL land use types. Statistically (descriptive), 

CVTCL received a higher mean value (4.5) than ECL (4.35) and CTAFL (3.95). During 

the focus group discussion, farmers explained that the farming objective of the CVTCL 

land use type is not only to have a higher crop yield but also to have a higher biomass of 

crops for animal feed after harvest. With expansion of the CVTCL land use types and 

the resultant decrease in grazing resources, crop residues are becoming the main source 

of livestock feed in the study area (Tefera et al., 2005). Moreover, since free grazing of 

animals is not allowed, the farmers mostly use a cut-carry system to feed their animals 

in their gardens. Since CTAFL has diversified plants and herbs, it has an important role 

in providing animal feed for farmers. Farmers argued that the amount of feed derived 

from CTAFL is small but sustainable compared to feed sources obtained from CVTCL 
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and ECL land use types. On the other hand, since ECL is communal land, farmers 

derive benefits in groups through cut-carry system. This is a good practice, although 

farmers have questioned the appropriateness of the harvest time and the benefits 

obtained from the land use (Alemayehu et al., 2013; Tefera et al., 2005). 

The higher demand for animal feed from the CVTCL land use type has implications 

for the fertility of the soil. Failure to return or leaving crop residues on the soil has long-

term effect on the soil productivity (Ketema and Yimer, 2014; Duncan et al., 2016; 

Negasa et al., 2017). In addition, frequent tillage practices on CVTCL and the 

subsequent soil compaction have exposed the land use for water and tillage erosion 

(Leye, 2007). CTAFL was strongly preferred by the farmers for improving soil fertility. 

The presence of litter fall, herbaceous weeds and various added household wastes are 

the main sources of soil fertility (Kanshie, 2002; Duguma and Hager, 2011; Araujo et 

al., 2012; Ketema and Yimer, 2014; Bagyaraj et al., 2015; Zake et al., 2015; Negasa et 

al., 2017). The ECL land use type has also played a dominant role in maintaining and 

improving the in situ soil fertility. However, farmers have identified associated 

sustainability problems, as they all want to maximize their benefits derived from this 

communal land use type in the study region. 

 

Empirically based evaluation of ecological values of land use types 

Soil physical properties as indicator: textural fractions (%) and bulk density (g cm-3) 

The descriptive statistic indicated that, sand and clay soil textural fractions exhibited 

significant variation among the land use types (p < 0.001, p = 0.002), respectively. 

Following the toposequence, sand, silt and clay varied significantly (p = 0.027, 

p = 0.001 and p < 0.001, respectively) in all land use types. A higher sand fraction was 

available in ECL than in the CTAFL and CVTCL land use types (Table 4). Clay was the 

dominant (> 50% on average) textural fraction in the area, and it was higher for the 

CTAFL land use type. The higher clay on CTAFL (61.61% average) land use type was 

most likely due to less soil erosion by rainfall (Ketema and Yimer, 2014; Negasa et al., 

2017) and the contribution of parent material. Higher clay content was also observed for 

the CVTCL land use type. This was most likely due to formation of crumble soil from 

frequent tillage (2-4 times per season) (Andruschkewitsch et al., 2013; Wang et al., 

2018). 

The higher clay content especially for CTAFL has been recognized as one of the 

major causes of higher soil moisture availability in the soil (Wang et al., 2018). 

Adoption of conservation tillage (CTAFL) has been reported to improve soil properties 

such as the water holding capacity, texture, structure and organic matter content of the 

soil (Andruschkewitsch et al., 2013). CTAFL had higher moisture content than the other 

land use types (Table 6). This was due to (1) the intrinsic nature of the clay soil and (2) 

the presence of litter-fall and herbaceous weeds, which act as mulch in reducing water 

evaporation from the soil (Deru et al., 2017; Pardon et al., 2017). 

The soil bulk density (g cm-3) was significantly influenced by land use type and soil 

depth (p < 0.001, Appendix 1). A lower bulk density was observed for CTAFL relative 

to the CVTCL and ECL land use types following the land slope (Table 5). The overall 

average soil bulk densities for the three land use types, from the lowest to highest, were 

CTAFL (0.99 g cm-3) < ECL (1.09 g cm-3) < CVTCL (1.15 g cm-3). The upper layer (0-

20 cm) of the soil had lower bulk density in all land use types. The soil bulk density is 

highly related to the organic carbon content of the soil (Andruschkewitsch et al., 2013; 
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Negasa et al., 2017; Wang et al., 2018). The lower bulk density for CTAFL and ECL 

was due to high SOC (%) and higher root densities (Liu et al., 2018), which makes the 

soil more dominated by aggregates (Cardinael et al., 2017) and more resistant to soil 

erosion. Soil organism movement, plant root penetration and free air and water 

circulation and water infiltration (see Tables 7 and 8) in the soil are highly favored with 

lower soil bulk density (Pardon et al., 2017; Pereira et al., 2018; Liu et al., 2018; de 

Sosa et al., 2018). Low SOC (%) due to frequent tillage and compaction due to human 

and animal trampling was the main cause of the high bulk density of the CVTCL land 

use type. 

 
Table 4. Soil textural fractions (%) in relation to land use types, soil depth (cm) and slope 

category 

Variables Land use 
Soil depth 

(cm) 

Slope category 

Upper Middle Lower Overall 

Sand 

CTAFL 

0-20 17.67±2.4 12.33±2.67 15.67±0.67 15.22±1.31a 

20-40 15.67±2.91 9.00±1.15 14.33±2.4 13.00±1.53a 

Overall 17.17±1.09a 10.67±1.43b 15.0± 0.76ab  

CVTCL 

0-20 15.67±1.33 21.00±9.02 17.00±0.03 17.89±2.75a 

20-40 27.00±5.29 15.00±4.00 22.33±7.33 21.44±3.35a 

Overall 21.34±0.72a 18.00±2.62b 19.67±0.49ab  

ECL 

0-20 21.00±2.00 21.00±2.00 23.67±5.21 21.89±1.77a 

20-40 27.00±5.29 15.00±4.00 22.33±8.51 21.44±3.35a 

Overall 24.00±3.15b 18.00±1.27c 23.00±3.16bc  

Silt 

CTAFL 

0-20 30.33±1.76 22.00±0.03 21.33±0.67 24.56±1.55a 

20-40 28.00±3.6 22.67±1.33 21.33±2.4 24.00±1.66a 

Overall 29.17±1.78a 22.34±0.72ab 21.33±0.83b  

CVTCL 

0-20 33.67±4.67 20.67±3.53 18.00±1.15 24.11±2.97a 

20-40 32.33±2.40 22.00±0.03 18.67±2.67 24.33±2.30a 

Overall 33.00±1.85a 21.34±5.13ab 18.34±0.78b  

ECL 

0-20 27.67±3.33 31.33±1.33 27.33±5.70 28.78±2.05a 

20-40 27.67±2.40 21.33±3.33 24.67±3.71 24.56±1.84a 

Overall 27.67±2.15a 26.33±1.45ab 26.00±1.99b  

Clay 

CTAFL 

0-20 52.00±3.06 65.67±2.67 63.00±1.15 60.22±2.42a 

20-40 56.33±6.17 68.33±1.76 64.33±1.33 63.00±2.59a 

Overall 54.17±2.23a 67.00±1.64b 63.67±0.96b  

CVTCL 

0-20 50.67±5.46 58.33±5.70 65.00±1.15 58.00±3.10a 

20-40 52.67±3.53 67.00±1.15 65.67±2.40 61.78±2.62a 

Overall 51.67±2.13a 62.67±4.92b 65.34±0.82b  

ECL 

0-20 51.33±4.67 47.67±1.76 49.00±10.26 49.33±3.34a 

20-40 45.33±4.37 63.67±6.36 53.00±11.01 54.00±4.71a 

Overall 48.33±2.38b 55.67±2.43c 51.00±4.94c  

Overall means followed by the same letter(s) across columns and rows are not significantly different 

(p = 0.05) in terms of land slope, land use types and soil depth. CTAFL = conservation tillage-based 

agroforestry land, CVTCL = conventional tillage based cultivated land and ECL = enclosure based 

communal land. 
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Table 5. Soil bulk density (g cm-3) as an indicator of the ecological values of land use types 

Variables 
Land use 

types 

Soil depth 

(cm) 

Slope category 
Overall 

Upper Middle Lower 

BD (g cm-3) 

CTAFL 

0-20 0.98±0.09 0.97±0.05 0.87±0.03 0.94±0.03a 

20-40 1.09±0.01 0.95±0.03 1.06±0.01 1.03±0.02a 

Overall 1.04±0.05a 0.96±0.02a 0.97±0.04a  

CVTCL 

0-20 1.02±0.03 1.22±0.04 1.11±0.05 1.12±0.04a 

20-40 1.13±0.04 1.28±0.04 1.12±0.02 1.18±0.03b 

Overall 1.08±0.03b 1.25±0.03b 1.12±0.03b  

ECL 

0-20 1.08±0.06 0.77±0.4 1.12±0.11 0.9±0.13a 

20-40 1.23±0.06 1.14±0.03 1.16±0.08 1.17±0.03b 

Overall 1.16±0.05ab 0.96±0.2ab 1.14±0.06ab  

Overall means followed by the same letter(s) across columns and rows are not significantly different 

(p = 0.05) with respect to land slope, land use types and soil depth. CTAFL = conservation tillage-based 

agroforestry land, CVTCL = conventional tillage-based cultivated land and ECL = enclosure-based 

communal land. 

 

 

Gravimetric soil moisture content (SMC %) and total porosity (Pt) 

Total porosity (Pt, %) and soil moisture content (SMC, %) had significant variations 

with land use type (p < 0.001, p = 0.01, Appendix 1) and soil depth (p < 0.001, 

p = 0.04), respectively. Both total porosity (Pt) and soil moisture content (SMC) were 

higher for CTAFL compared to the CVTCL and ECL land use types (Table 6). The 

overall average values of Pt (%) and SMC (%) for the three land use types, from the 

highest to the lowest, were CTAFL (62.66%) > ECL (59.10%) > CVTCL (56.75%) and 

CTAFL (17.86%) > ECL (14.98%) > CVTCL (11.11%), respectively. In terms of soil 

depth, higher Pt (%) was observed in the 0-20 cm-deep soil layer, and it has an inverse 

relationship with bulk density. However, higher amounts of SMC (%) were observed at 

a soil depth of 20-40 cm. Pt (%) and SMC (%) are highly influenced by the inherent 

properties of the soil, including the bulk density and SOC (%). 

 
Table 6. Soil moisture content (SMC, %) and total porosity (Pt %) as indicator of the 

ecological values of land use types 

Variables 
Land use 

type 

Soil depth 

(cm) 

Slope category 
Overall 

Upper Middle Lower 

SMC (%) 

CTAFL 

0-20 12.35±0.54  15.49±1.63 7.2±2.35 15.01±1.07a 

20-40 16.44±1.77 20.91±2.45 24.8±1.44 20.72±1.44b 

Overall 14.39±1.15a 18.2±1.71a 20.99±1.92a  

CVTCL 

0-20 10.94±0.87 9.59±0.56 7.53±1.21 9.35±0.64a 

20-40 14.79±0.61 13.13±1.11 10.68±1.05 12.87±0.71b 

Overall 12.87±0.88a 11.35±0.68b 9.11±0.95a  

ECL 

0-20 11.14±0.03 12.05±1.12 16.4±1.30 13.20±1.3a 

20-40 14.03±1.14 16.12±0.70 20.11±2.3 16.75±2.1b 

Overall 12.59±0.95a 14.09±1.1a 18.26±2.1b  
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Pt (%) 

 

CTAFL 

 

      0-20 63.01±3.53 63.18±1.76 67.07±1.05 64.42±1.3a 

20-40 58.66±0.48 64.03±0.95 60.01±0.34 60.89±0.87b 

Overall 60.84±1.8a 63.60±0.92a 63.54±1.66a  

CVTCL 

0-20 61.34±1.39 53.96±1.29 57.97±0.89 57.76±1.34a 

20-40 57.40±1.39 51.77±1.65 57.97±2.07 55.74±1.2b 

Overall 59.40±1.24b 52.87±1.1b 57.97±1.01b  

ECL 

0-20 59.04±2.10 70.91±1.54 57.64±4.16 62.53±4.9a 

20-40 53.68±2.37 56.93±1.07 56.40±3.03 55.67±1.26b 

Overall 56.36±1.86ab 63.92±1.23ab 57.01±2.32ab  

Overall means followed by the same letter(s) across columns and rows are not significantly different (p = 0.05) 

with respect to land slope, land use types and soil depth. CTAFL = conservation tillage-based agroforestry land, 

CVTCL = conventional tillage-based cultivated land and ECL = enclosure-based communal land 

 

 

Specifically, the higher Pt (%) and SMC (%) in CTAFL mainly resulted from the higher 

SOC (%) (Ketema and Yimer, 2014; Negasa et al., 2017) and clay textural fractions. 

Moreover, the formation of stable soil aggregates in CTAFL contributed to the high 

percentage of soil Pt (%) and SMC (%) (Oicha et al., 2010) compared to CVTCL and 

ECL. However, the abovementioned points were not as strongly observed for CVTCL 

as for CTAFL and ECL. This result means that the ecological values or ecosystem 

services provided by the soil would be negatively affected by unsustainable soil 

management practices (Deru et al., 2017; Pereira et al., 2018). 
 

Water infiltration as an indicator of the ecological values of land use 

The water infiltration rate significantly varied with respect to land use type for the 

separate time increments (p < 0.001). The overall mean value of the water infiltration 

rate was higher for the CTAFL (Table 7; Fig. 6) land use type than for ECL and 

CVTCL.  

 
Table 7. Water infiltration rate of soil (cm/min) as indicator of the ecological values of land 

use types 

Variables 
Measuring time 

(min) 

Land use types 

CTAFL CVTCL ECL 

Infiltration rate 

(cm/min) 

1 5.85±0.55 1.35±0.38 2.75±0.35 

2 5.28±0.45 1.33±0.32 2.15±0.40 

5 3.93±0.35 1.06±0.34 1.85±0.22 

10 3.1±0.32 0.98±0.37 1.50±0.23 

15 2.74±0.13 0.79±0.22 1.25±0.31 

20 2.51±0.15 0.54±0.02 1.00±0.31 

30 2.15±0.20 0.45±0.01 0.77±0.29 

40 1.92±0.16 0.40±0.01 0.73±0.28 

60 1.61±0.12 0.34±0.01 0.65±0.25 

 Overall 3.23±0.53 0.82±0.12 1.41±0.12 

CTAFL = conservation tillage-based agroforestry land, CVTCL = conventional tillage-based cultivated 

land and ECL = enclosure-based communal land. 
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The land use performance was ranked as follows: CTAFL > ECL > CVTCL. The 

infiltration rate of CTAFL was 129% and 293.9% higher than those of the ECL and 

CVTCL land use types. Similarly, the ECL land use type had a 71.95% higher water 

infiltration rate compared to CVTCL. The higher infiltration rate for CTAFL was due to 

the presence of higher porosity and crumbliness (Deru et al., 2017), high SOC (%), soil 

aggregates and channels formed by live/dead plant root density (Deru et al., 2017). 

Similarly, the higher infiltration rate for ECL was connected with the land 

rehabilitation/restoration efforts made so far on the land use type. On the other hand, 

soil compaction, erosion and structural deteriorations due to frequent tillage practice 

were most likely the main reasons for the minimum infiltration rate on CVTCL land use 

type. This result agrees with the findings of Ketema and Yimer (2014) and Negasa et al. 

(2017), where a lower infiltration rate was obtained for conventionally tilled land use 

types. 

 

Soil chemical properties as indicators: Soil pH (pH-H2O, 1:2.5), EC (EC, ds m-1) and 

CEC 

Statistically, the soil pH value was significantly influenced by land use type and land 

slope (p < 0.001, Appendix 1). The overall average pH values for the three land use 

types, from the highest to lowest (Table 8), were CTAFL (6.2) > ECL (5.88) > CVTCL 

(5.81). The highest amount was obtained from CTAFL, whereas the lowest was from 

the CVTCL land use type. A higher amount of soil pH was also obtained on the middle 

slope relative to the upper and lower slopes of land use types. This might be attributed 

to some depositional accumulation of basic nutrients (positively charged cations) 

responsible for the increased pH values in the area. The pH value was found to be 

between 5.6 and 6.38 and was classified as weak acid. The lower the acidic content of 

the soil is, the more suitable it is for low-pH-loving macro-organisms and pH-dependent 

soil nutrients (basic cations; see Table 10) (Pardon et al., 2017; Pereira et al., 2018; 

Negasa et al., 2017). Similarly, the soil electrical conductivity (EC, ds m-1) and cation 

exchange capacity (CEC) were significantly influenced by land use type (p < 0.001). 

Relatively higher EC (0.09) and CEC (42.05) were obtained for the CTAFL land use 

type. For both values, the overall means, from high to low, were in the order CTAFL > 

ECL > CVTCL. 

 
Table 8. Soil pH (pH-H2O, 1:2.5), EC (EC, d s m-1) and CEC as indicators of the ecological 

values of land use types 

Variables 
Land use 

types  
Soil depth (cm) 

Slope category 
Overall 

Upper Middle Lower 

pH 

CTAFL 

0-20 6.13±0.09 6.13±0.33 6.53±0.15 6.27±0.13a 

20-40 5.73±0.12 6.63±0.24 6.07±0.26 6.14±0.17a 

Overall 5.93±0.11a 6.38±0.21b 6.30±0.17c 
 

CVTCL 

0-20 5.67±0.07 6.33±0.26 5.43±0.03 5.81±0.16a 

20-40 5.77±0.17 5.90±0.12 5.77±0.13 5.81±0.07a 

Overall 5.72±0.08c 6.12±0.16a 5.60±0.1b 
 

ECL 

0-20 5.70±0.1 6.20±0.12 5.73±0.12 5.87±0.09a 

20-40 5.87±0.19 6.03±0.27 5.73±0.19 5.87±0.12a 

Overall 5.78±0.1b 6.12±0.14a 5.73±0.1c 
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EC 

CTAFL 

0-20 0.08±0.02 0.09±0.03 0.13±0.03 0.09±0.01a 

20-40 0.06±0.02 0.08±0.03 0.06±0.02 0.07±0.01a 

Overall 0.07±0.01a 0.09±0.02a 0.1±0.02a 
 

CVTCL 

0-20 0.07±0.02 0.07±0.01 0.03±0.01 0.05±0.01a 

20-40 0.06±0.01 0.04±0.01 0.03±0.01 0.04±0.01a 

Overall 0.07±0.01b 0.05±0.01b 0.03±0.01b 
 

ECL 

0-20 0.06±0.01 0.05±0.01 0.024±0.02 0.05±0.01a 

20-40 0.05±0.01 0.05±0.02 0.06±0.03 0.05±0.01a 

Overall 0.06±0.01b 0.05±0.01b 0.04±0.01b 
 

CEC 

CTAFL 

0-20 42.6±1.47 41.93±2.27 40.93±1.89 41.82±0.98a 

20-40 43.93±1.35 43.6±1.51 39.27±2.89 42.27±1.26a 

Overall 43.27±0.94a 42.77±1.27a 40.1±1.59a 
 

CVTCL 

0-20 30.4±9.5 40.8±2.69 31.4±7.4 34.20±3.92a 

20-40 42.67±1.81 41.73±2.31 37.53±4.1 40.64±1.60a 

Overall 36.53±5.12b 41.27±1.59a 34.47±4.01b 
 

ECL 

0-20 41.07±1.68 39.73±2.76 35.20±4.27 38.67±1.78a 

20-40 41.4±1.44 40.73±2.53 36.6±1.61 39.58±1.22b 

Overall 41.23±0.9c 40.23±1.69a 35.9±2.1b 
 

Overall means followed by the same letter(s) across columns and rows are not significantly different 

(p = 0.05) with respect to land slope, land use types and soil depth. CTAFL = conservation tillage-based 

agroforestry land, CVTCL = conventional tillage-based cultivated land and ECL = enclosure-based 

communal land 

 

 

Generally, soil under the CTAFL land use type has shown good performance in 

improving pH, EC and CEC values. This was occurred due to higher addition of organic 

matter from agroforestry components coupled with higher clay contents in the land use. 

Clay is comprised of negatively charged particles that commonly absorb and hold 

positively charged ions and provides protection against depletion of nutrients through its 

colloidal aggregates. Maintaining and providing continuous flow of soil nutrients 

(nutrient recycling) as well as keeping the soil carbon for long periods is one of the 

main ecological contributions of CTAFL land use type (Cardinael et al., 2017; Ling et 

al., 2017; Pardon et al., 2017; Pereira et al., 2018), whereas rare cases of such a value 

were observed for the CVTCL land use type. Specifically, for the CVTCL land use 

type, depletion of basic cations due to tillage operation, precipitation of phosphorus due 

to rainfall (1200-1800 mm) and high microbial oxidation that mostly produces organic 

acid probability have contributed to lower pH values in the soil. This result agrees with 

the findings of Ketema and Yimer (2014) and Negasa et al. (2017), who found lower pH 

values for cultivated lands compared with agroforestry land use types. 

 

Soil organic carbon (SOC %) and total nitrogen (TN %) 

Soil organic carbon (SOC %) and total nitrogen (TN %) were significantly affected 

by land use type (p < 0.001) and soil depth (p = 0.001, Appendix 1), respectively. 

Higher mean values of SOC and TN was obtained for CTAFL (1.43%, 0.15%) 

compared to the ECL (0.96%, 0.15%) and CVTCL (0.67%, 0.14%) land use types 

(Table 9), respectively. The amount of SOC (%) and TN (%) from high to low was 

ranked as, CTAFL > ECL > CVTCL. Higher amounts of SOC and TN were obtained 
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from the0-20 cm soil layer, and they decreased as the depth increased. The higher SOC 

(%) in CTAFL land use was attributed to the agroforestry system of the area. Farmers 

have stayed friendly within the agroforestry system for a long period time (Kanshie, 

2002; Kura, 2013). They usually cut and slash herbaceous weeds, branches of vertically 

stratified canopy of the agroforestry components and put on soil surface to use either as 

mulch or an input for soil fertility. In addition, the litter fall, dead plants/roots/macro-

organisms and clay protection through aggregates (Bronick and Lal, 2005; Abu-hashim 

et al., 2016) have increased the SOC (%) of the CTAFL land use type. Similarly, due to 

land rehabilitation and restoration processes on ECL, SOC (%) and TN (%) were found 

to be higher compared to the CVTCL land use type. However, due to frequent tillage 

practice, CVTCL had minimum SOC (%) and TN (%). Cultivation exposes available 

organic matter to moisture, aeration, and decomposing agents and facilitates fast 

mineralization (Comerford et al., 2013), thereby reducing the SOC and TN (Qi et al., 

2018). Moreover, the local farmers do not leave crop residues on the soil after harvest; 

instead, they use it for animal feed and fuel wood sources. This has caused the soil to 

have low SOC (%) and TN (%) and to be vulnerable to erosion, weak and fragile in 

providing and maintaining ecological values or expected ecosystem services. Abu-

hashim et al. (2016) have presented similar findings, i.e., that soil disturbance is the 

main contributing factor minimizing the SOC (%) in the soil. 

 
Table 9. Soil organic carbon (SOC %) and total nitrogen (TN %) as indicators of the 

ecological values of land use types 

Variables 
Land use 

types 

Soil depth 

(cm) 

Slope category 
Overall 

Upper  Middle  Lower 

SOC (%) 

CTAFL 

0-20 1.93±0.21 1.77±0.1 0.85±0.13 1.52±0.18a 

20-40 1.69±0.48 1.66±0.35 0.65±0.08 1.33±0.25b 

Overall 1.81±0.24a 1.72±0.17a 0.75±0.08b 
 

CVTCL 

0-20 0.95±0.01 0.82±0.17 0.58±0.05 0.78±0.2a 

20-40 0.65±0.20 0.47±0.1 0.56±0.06 0.56±0.21a 

Overall 0.8±0.16b 0.65±0.01b 0.57±0.03c 
 

ECL 

0-20 1.35±0.17 1.20±0.19 0.72±0.16 1.09±0.18a 

20-40 1.11±0.08 0.87±0.11 0.50±0.09 0.83±0.24b 

Overall 1.23±0.97c 1.04±0.12c 0.61±0.95a 
 

TN (%) 

CTAFL 

0-20 0.18±0.04 0.11±0.03 0.13±0.04 0.14±0.02a 

20-40 0.15±0.01 0.18±0.02 0.13±0.03 0.15±0.01b 

Overall 0.17±0.02a 0.14±0.02a 0.13±0.02a 
 

CVTCL 

0-20 0.16±0.01 0.13±0.03 0.17±0.03 0.15±0.01a 

20-40 0.13±0.02 0.11±0.01 0.15±0.04 0.13±0.01b 

Overall 0.15±0.01ab 0.12±0.01ab 0.15±0.02ab 
 

ECL 

0-20 0.16±0.02 0.12±0.02 0.18±0.02 0.15±0.01a 

20-40 0.16±0.03 0.11±0.06 0.16±0.03 0.15±0.02a 

Overall 0.16±0.02a 0.12±0.03a 0.17±0.03a 
 

Overall means followed by the same letter(s) across columns and rows are not significantly different 

(p = 0.05) with respect to land slope, land use types and soil depth. CTAFL = conservation tillage-based 

agroforestry land, CVTCL = conventional tillage-based cultivated land and ECL = enclosure-based 

communal land 



Ketema et al.: Quantifying the ecological values of land use types via criteria-based farmers’ assessment and empirically analyzed 

soil properties in southern Ethiopia  
- 7731 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 16(6):7713-7739. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/1606_77137739 

 2018, ALÖKI Kft., Budapest, Hungary 

Soil biological properties as an indicator: soil macro-organisms observable by the 

naked eye (NSMOE) 

Soil macro-organisms observable by naked eye were significantly influenced by land 

use types (p < 0.001) and soil depth (p < 0.001, Appendix 1). A higher number of soil 

macro-organisms were observed on CTAFL (≈ 33) compared to ECL (≈ 18) and 

CVTCL (≈ 12) land use types (Table 10). A higher number of NSMOE was found at 0-

20 cm, and their number decreased as the depth increased. The higher availability of 

macro-organisms on the top surface of CTAFL is directly related with the higher 

availability of soil organic matter (Negasa et al., 2017). Their number decreased at 

depths of 20-40 cm due to the lower availability of soil organic matter and soil 

compaction caused by the overlaying mass of soil. Different studies (Lavelle et al., 

2006; Barrios, 2007; Pereira et al., 2018; Ren et al., 2018) have shown that a high 

amount of plant residue (herbaceous weeds, litter fall, crop residues after harvest and 

dead roots) inputs is able to create a conducive environment for an increased number of 

macro-organisms in the soil. However, on CVTCL, their number was far lower than for 

the CTAFL and ECL land use types. This occurred most likely due to the presence of 

continuous soil disturbance (Ketema and Yimer, 2014; Negasa et al., 2017). Lavelle et 

al. (2006) stated that soil disturbance could profoundly affect the number and types of 

macro-organisms observable by the naked eye in the soil. 

 
Table 10. Number of soil macro-organisms observed by the naked eye (NSMOE) as an 

indicator of the ecological values of land use types 

Variables  Land use types  
Soil depth 

(cm) 

Land slope 
Overall 

Upper  Middle  Lower 

NSMOE 

CTAFL 

0-20 39.1±7.81 46.7±12.01 46.00±2.1 43.89±4.36a 

20-40 18.7±4.1 20.00±9.29 22.67±6.4 20.44±3.5b 

Overall 28.83±6.01a 33.33±9.03a 34.33±6.01a 
 

ECL 

0-20 15.33±4.5 23.33±4.4 42.00±20.5 26.89±7.35a 

20-40 6.67±0.9 12.67±6.5 2.33±0.9 7.22±2.42b 

Overall 11.00±2.81b 18.00±4.24b 22.17±12.78b 
 

CVTCL 

0-20 17.01±8.02 30.01±5.8 4.33±1.45 17.11±4.69a 

20-40 1.33±0.33 10.00±2.90 3.67±0.67 5.02±1.55b 

Overall 9.17±5.01c 20.03±5.32c 4.05±0.73c 
 

Overall means followed by the same letter(s) across columns and rows are not significantly different 

(p = 0.05) with respect to land slope, land use types and soil depth. CTAFL = conservation tillage-based 

agroforestry land, CVTCL = conventional tillage-based cultivated land and ECL = enclosure-based 

communal land 

 

 

Farmers’ assessment vs. soil empirical analysis of ecological values land use types 

The sustainability of ecological values of land use types is closely related to 

successful land use management (Andruschkewitsch et al., 2013; Bogunovic et al., 

2018; Peigné et al., 2018; Wang et al., 2018). Land management either positively or 

negatively influences the soil (Bogunovic et al., 2018), the environment and ecological 

processes above and beneath the soil (Table 11) leading to remarkable changes in soil 

properties. In the study area, farmers have a strong stake in managing the land use types 

(CTAFL, ECL & CVTCL), and their active participation would have strong influence 
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on land use decision-making (Duguma and Hager, 2011). CTAFL land use management 

has been reported to improve ecological values of land use types and soil properties 

(Kanshie, 2002; Leye, 2007; Habtamu, 2011; Kura, 2013). Nearly all individual farmers 

in the study area chose the CTAFL land use type as the best land use type followed by 

ECL, whereas CVTCL had the lowest preference (CTAFL> ECL>CVTCL) (Fig. 6A, 

B). CTAFL has a strong contribution for minimizing soil erosion (Wang et al., 2018), 

improving water availability, soil infiltration, soil fertility (Andruschkewitsch et al., 

2013; Ochoa et al., 2016), animal feed and micro-climate of the area. Figure 6a, b has 

shown the mean score values of the three land use types (LUT) and higher mean score 

has been obtained from CTAFL relative to ECL and CVTCL land use types. On the 

other hand, the empirical analysis of the soil has also indicated a higher amount of ECE, 

EC, SOC (%), TN (%), water infiltration, NSMOE, Pt (%) and SMC soil properties on 

CTAFL relative to ECL and CVTCL land use types (CTAFL>ECL>CVTCL). 

Therefore, the farmers’ assessment result was supported parallelly by the empirical 

analysis of the soil. Figure 6a, b illustrates these realities. 

 

 
 

 
 

Figure 6. Farmers’ assessment (a) vs. empirical soil analysis (b) results of land use type 

 

 

Ecological values or ecosystem services such as water flow regulation, carbon 

sequestration (high SOC in CTAFL), nutrient cycling, maintaining soil moisture, 

aeration, allowing root penetration, soil erosion control, soil fertility improvement and 

refuge for soil macro-organisms were the most essential advantages obtained from the 

conservation tillage-based agroforestry land use type (Negasa et al., 2017; Bogunovic et 

A 

B 
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al., 2018; Peigné et al., 2018; Pereira et al., 2018; Wang et al., 2018). The smaller bulk 

density available on CTAFL positively contributed to the higher infiltration rate of 

water into the soil. Springs and other water sources observed (researchers observation) 

on the lower slope of the land in the study area were due to water infiltration held at the 

upper area of the CTAFL land use type. 

 
Table 11. Soil as an indicator of a land use type’s ecological values/ecosystem service 

Soil 

variables 
Indicators 

Relevance to soil 

function 

Contribution to LUT 

ecological values 
Reference 

Physical 

variable 

Soil bulk 

density 

Root penetration, porosity, 

gas exchange, soil 

erodibility, water & 

organism movement, 

organic matter & nutrient 

retention 

Biomass production, climate 

regulation, soil 

development/conservation, 

nutrient cycling 
Lavelle et al., 2006; 

Comerford et al., 

2013; Costantini, 

2016; Negasa et al., 

2017; Pereira et al., 

2018 

Infiltration 

capacity 

Run-off/erosion control, 

Leaching, Sedimentation, 

Siltation control 

Soil development, water 

purification & regulation, 

flood mitigation, CO2 

emission, contamination 

regulation 

Water 

holding 

capacity 

Retention and 

transportation of water and 

chemicals 

Water purification & 

regulation, food and fiber 

production, biomass 

production, soil development 

Chemical 

variables 

OM (SOC)  

Soil fertility and structure, 

soil aggregate and fauna, 

water retention 

Carbon sequestration, soil 

development/conservation, 

nutrient cycling, biomass 

production, water purification 

& regulation 
Lavelle et al., 2006; 

Comerford et al., 

2013; Costantini, 

2016; Negasa et al., 

2017; Pereira et al., 

2018 

pH 
Nutrient availability, 

mobility, soil organisms 

Biomass production, nutrient 

cycling 

CEC 

Soil nutrient, plant growth, 

water infiltration, soil 

structure 

Food and fiber production, 

nutrient cycling 

EC 
Soil water potential, 

salinity 

Water purification, water 

regulation 

Biological 

variables 
NSMOE 

Control erosion, surface 

run-off, OM 

decomposition, water 

retention, gas and water 

circulation, structural 

porosity 

Flood mitigation, gas and 

water circulation, nutrient 

cycling, climate regulation, 

soil formation, primary 

production 

Lavelle et al., 2006; 

Comerford et al., 

2013; Pascual et al., 

2015; Negasa et al., 

2017 

NSMOE = number of soil macro-organisms observed by the naked eye, CEC = cation exchange 

capacity, pH = soil reaction, OM (SOC) = organic matter/soil organic carbon, EC = soil electrical 

conductivity, LUT = land use type 

 

 

The portion of the rainfall reaching the soil was controlled by infiltration and water 

storage characteristics of the soil (Comerford et al., 2013). The more rainfall that 

infiltrates into the soil, the less run-off is created. Farmers exhibited the least preference 

(except for animal feed source role) for the conventional tillage-based cultivated 
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(CVTCL) land use type. The role played by the land use in controlling soil erosion, soil 

fertility, water infiltration and micro-climate improvement was less compared to 

CTAFL. Previous studies (Kura, 2013; Peigné et al., 2018; Bogunovic et al., 2018; 

Wang et al., 2018; Pereira et al., 2018) have explained that land use with conventional 

tillage management has less contribution to the improvement of land use ecological 

values compared to conservation-based management. 

 

Conclusion and recommendation 

The quantification of ecological values of land use type aims at providing valuable 

information about the performance of the land use that can be used to support land use 

management decision-making processes. Based on farmers’ assessments and empirical 

soil property analysis, conservation tillage-based agroforestry land (CTAFL) was the 

best land use type, possessing higher ecological values (such as minimizing soil erosion, 

improving water availability and infiltration, feed source for animals, soil fertility and 

micro-climate improvement) compared with the enclosure-based communal land (ECL) 

and conventional tillage-based cultivated land (CVTCL) land use types. CVTCL was 

the least-preferred land use type by farmers due to its lower contribution for 

improvements of ecological values. Based on this research, ECL was not selected as the 

best land use type most likely due to its being common property that mostly limits the 

right of individuals (only allowing group use) to use the available resources from the 

land use type. Moreover, lack of equity and good administration were also the main 

causes for the farmers to not select ECL as the best land use type in the study area. 

Since ECL land use is a closure area that protects interference, the local farmers have 

felt and sensed the ecological values or ecosystem services improvements that have 

been made so far in the area. Due to many years of accumulated local knowledge, 

farmers had a detailed understanding of the ecological values of their land use types, as 

evidenced by this research. Their qualitative explanations and justifications are mostly 

compatible with currently available scientific evidence derived from empirically 

analyzed soil physical, chemical and biological properties. Based on this fact, the 

following conclusions were drawn from the soil analysis that was manifested the 

ecological values/ecosystem services of land use types in the study area. 

As was clearly shown, the soil textural fraction (sand, silt and clay), bulk density, 

soil moisture content (SMC %), water infiltration, soil pH, EC, CEC, soil organic 

carbon (SOC %), total nitrogen (TN %) and number of macro-organism observed by the 

naked eye (NSMOE) significantly varied between land use type and soil depth. Clay 

was the dominant textural fraction, which accounts more than 50% of the soil volume, 

indicating the accumulation of old and weathered soil in the area. Higher clay content 

was observed on CTAFL compared with the other land use type. Moreover, except for 

bulk density, higher water infiltration, soil pH values, EC, CEC, SOC (%), TN (%) and 

NSMOE were observed on CTAFL, while they were low in CVTCL (high bulk density) 

and ECL land use types. These higher values on CTAFL were connected with the 

availability of higher soil organic matter and its protection by the clay textural fraction 

of the soil. However, soil disturbance is the main factor that diminishes the ecological 

values of CVTCL land use type. 

Finally, it is good to continuously blend and rely on both farmers’ knowledge and the 

scientific experiment (soil analysis) for quantifying and evaluating the ecological 

values/ecosystem service of the land use types before applying land use management 

decisions. This enhances the collaboration between local communities and the 
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scientists. This in turn enhances the efficiency of land use management activities and 

reduces the disconnect that often occurred between local community and the 

researchers. 
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APPENDIX 

Summary of ANOVA table 

LS = slope category (upper slope (30–60%), middle slope (15–30%) and lower slope (2–15%), LUT = land use types (CTAFL, CVTCL and ECL), 

SD = soil depth (0–20 cm, 20–40 cm), BD = bulk density (g cm-3), MS = mean square and p = p-value 

Source of 

variation 
df 

Soil parameters 

BD pH EC TN CEC NSWOE SOC Pt 

MS p  MS p MS p MS p MS p MS p MS p MS p 

LS 2 0.864 0.08 0.802 p<0.001 0.01 0.653 0.004 0.192 108.18 0.088 249.463 0.227 0.005  0.277 7.16 0.86 

LUT 2 0.114 p<0.001 0.802 p<0.001 0.006 0.003 0.001 p<0.001 98.383 p<0.001 2130.07 p<0.001 0.255 p<0.001 159.42 0.01 

SD 1 0.074 p<0.001 0.022 0.636 0.002 0.16 0.658 p<0.001 38.845 0.331 4574.24 p<0.001 0.012 0.001 104.89 0.04 

LS*LUT 4 0.064 0.123 0.121 0.314 0.002 0.168 0.002 0.492 17.17 0.787 196.57 0.32 0.004 0.359 92.03 0.12 

LS*SD 2 0.002 0.93 0.01 0.998 0.005 0.974 0.02 0.395 19.654 0.616 46.796 0.76 0.001 0.883 3.25 0.93 

LUT*SD 2 0.065 p<0.001 0.022 0.797 0.002 0.174 0.001 p<0.001 76.334 0.164 149.85 0.404 0.002 0.62 90.58 0.16 

LS*LUT*SD 4 0.31 0.441 0.355 0.014 0.001 0.294 0.001 0.672 17.054 0.789 287.074 0.154 0.002 0.709 45.06 0.44 

ERROR 36 0.033 
 

0.355 
 

0.001 
 

0.002 
 

40.074 
 

161.209 
 

0.003  46.59  

TOTAL 54 
             


