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Abstract
The evaluation were made on four treatments physical SWC structures; micro basin, eyebrow basin, micro-trench 

and traditional pit. The treatments are replicated three times. Soil samples before and after the trial, soil moisture 
conservation and test tree data were collected for analysis. Except pH and soil texture some soil properties like; TN, 
P, OM, OC showed an improvement due to the SWC structures implementation. In the first year of trial there was no 
significant difference was observed soil moisture, plant height and collar diameter. In the second year of the trial highly 
significant variation at (p<0.05) was observed in soil moisture conservation percent. Micro-trench conserved the higher 
percent of moisture than other structures. In the third year only plant height show significant difference, but the others 
were not statistically significant. The result depicts that implementation of physical SWC structures are very important 
to conserve soil moisture at dry areas. Therefore, all stake holders should practice construction physical structure 
integrated with tree for land rehabilitation and alleviate soil moisture stress.
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Introduction
Land degradation process occurs slowly, causing long lasting 

impacts on rural population who become increasing vulnerable 
[1,2]. Estimates showed that about 85% of land attenuation globally 
is because of soil erosion reducing crop productivity by about 17%, 
affecting the soil fertility initially and in the long term resulting in land 
desertification [3].

Land degradation can occur due to intensive crop cultivation, 
deforestation, excessive tillage for land preparation, overstocking and 
overgrazing both pasture and cropland, shifting cultivation without 
adequate fallow periods, absence of soil conservation practices and 
overuse of certain cattle routes and watering points [4]. The immediate 
impact of land degradation has reduced crop yield and productivity [5].

Soil moisture is one of the determining factors of the stress or 
health on land surface ecosystems and managed systems such as those 
in agriculture. Plant growth and crop yield are closely related to the 
amount of moisture available during the growing season.

The variation in soil water content is influenced by a number of 
factors; such as soil properties (soil texture, structure, organic matter, 
depth, density and salinity), climate (precipitation, solar radiation, 
temperature, etc.), topography and land cover [6]. These influencing 
parameters can regulate permeability, infiltration, water holding 
capacity and moisture loss rates. Currently, the practices like; crop type 
choice, agronomic practices, input fertilizers application and irrigation 
management practices are expected to vary the dynamics of soil 
moisture [7] due to their impacts on the physical and bio-geochemical 
interactions within ecosystems [8].

To alleviate moisture stress and land degradation problem, soil 
and water conservation practices were initiated in Ethiopia during the 
1970s and 1980s [9]. The basic need of the initiatives was to minimize 
soil erosion risk, restore soil fertility status, reclaim degraded land, and 
increase agricultural productivity (Mekuria et al., 2007).

Wera district is characterized as moisture stressed dry land area, 
due to its high temperature, erratic rainfall pattern and low soil 
water holding capacity. The is also characterized by intensive and 

frequent tillage practice, overgrazing, deforestation, limited number of 
enclosures and less SWC (soil and water conservation) practice that 
exacerbate soil moisture deficiency and cause land degradation (Wera, 
district, 2020).

Many research findings by different authors argue that SWC 
measures are effective for soil management [10]. Some of them argue 
that SWC contributes for runoff reduction and sediment deposit 
[11] and increased soil moisture conservation [12,13]. So, this study 
was done to with the objectives; to compare and select best physical 
moisture conservation technique, to show the effect of different 
conservation structures on moisture conservation and tree growth.

Materials and Methods 
Study area description 

The experiment was laid out at Wera district located in Halaba 
Zone. The district is located in 86 km far away from Hawassa Town, 
Southern nation’s nationalities and peoples region (SNNPR) capital 
and 310 Km far from Addis Ababa, Capital of Ethiopia. Geographically 
the district is located in 37 0 58’0’’E to 38 0 13’30’’E and 7 0 14’30’’N 
to 7 0 26’30’’N. The elevation ranges from 1700 to 2150 m above sea 
level. The income for majority of the people in the area comes from 
agricultural practice. The major growing crops on the area includes 
pepper, teff, sorghum, wheat, maize and common bean.

Treatments and experimental design

Treatments the treatments evaluated were

1. Micro basins with tree planting holes.
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2. Eye-brow basins with tree planting holes.

3. Micro trenches with tree planting holes.

4. Only traditional tree planting without any supportive structure. 
Gravillea robusta seedling was planted behind each structure to 
evaluate impacts of structures on tree growth.

Experimental design 

The treatments were arranged in RCBD (completely randomized 
block design) with four replications. Each treatment had three structures 
arranged in staggered manner. The diameters and foundation of the 
structures excluding traditional pit were 2m and 20cm respectively. 
The width and depth for traditional planting pit were 40cm and 50cm 
respectively. The trenches had length of 2m, width of 0.5 and depth of 
0.5m. The inter space between blocks were 1.5m.

Data collection and analysis

Data collection

Sixteen (16) soil samples were collected before and after the trial 
to evaluate the impact of the moisture conservation structures on soil 
physico-chemical properties. The soil moisture content data were 
collected within each tree month’s interval. The tree data; like tree 
height, above ground biomass, collar diameter of seedling, seedling 
survival and performance were collected with four months interval. 
The structures construction work and soil samples collection were 
done during dry season. But, tree planting were undertaken during wet 
season. In other way, soil moisture data were collected after rainfall 
event within three months interval.

Statistical data analysis

The collected soil sample before and after the trial were analyzed at 
Hawassa Agricultural Research Center Soil laboratory. Soil moisture 
was determined by removing soil moisture by oven-drying a soil sample 
until the weight remains constant. The soil moisture content (%) was 
calculated from sample weight measured before and after oven drying 
for each sample. This was done to know and compare soil moisture 
conservation between treatments. The tree height, above ground 
biomass, collar diameter of seedling, seedling survival and performance 
were analyzed to evaluate the performance and growth status between 
the treatments. Finally, all data were analyzed using R-Software 
package. LSD (least significant difference) was used to depict data 
mean difference between treatments and the statistical analysis process 
was employed following standard procedures applicable for RCBD 
(Randomized complete block design).

Result and Discussion
Soil properties of soil before and after the experiment 

The average pH, OC (%), OM (%), TN (%), P (ppm) of the study 
area before the trial was; 7.47, 1.42, 2.97, 0.13 and 16.43 respectively as 
shown on Table 1. The average composition of clay, silt and sand were 
17.33%, 24% and 58.67% respectively. According to USG soil textural 
class classification, the experimental site was dominantly categorized 
under Sandy loam textural class.

According to the Table 2 shown below the average soil property 
values of OC, OM, TN and P after the trial were 2.0 %, 3.5 %, 0.21% and 
23.12 ppm respectively. This result conveys that physical soil and water 

Samples Soil texture
pH(1:2.5) in H2O OC (%) OM (%) TN (%) P (ppm) % clay % silt % sand Textural class

Sample one 7.51 1.05 3.5 0.09 17.0 14 28 58 Sandy loam 
Sample two 7.55 1.58 3.3 0.14 15.9 10 32 58 Sandy loam 
Sample three 7.35 1.63 2.1 0.15 16.12 28 12 60 Sandy clay loam 
Average 7.47 1.42 2.97 0.13 16.34 17.33 24.0 58.67

Table 1: Soil properties before the experiment.

Figure 1: Shows the location of study area.
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conservation structures poses an impact for the improvement of above 
listed soil properties like; organic carbon, organic matter, total nitrogen 
and phosphorus contents of the soil compared with the analysis result 
before the structures establishment. But, the percent composition of 
texture and pH value cannot show any change due to the structures 
construction. This is because the impact of physical soil and water 
conservation structures requires long time to show improvement on 
soil texture and pH value.

Conclusion and Recommendation 
Construction of small physical SWC (soil and water conservation) 

structures is an important option to improve soil moisture and better 
tree growth, through harvesting runoff water. This study showed that 
the four evaluated physical soil and water conservation structures 
were important for soil moisture conservation, tree growth and 
degraded area rehabilitation as a whole. In addition to improving soil 
moisture the measures had a positive impact on improving other soil 
physic-chemical properties. The highest percent of soil moisture was 
conserved by micro-trench, followed by micro basin and eyebrow 
basin. But, the lowest percent was observed on traditional pit. In this 
study the researchers recommend that construction of physical SWC 
structures are the best options to rehabilitate degraded land and 
improve soil moisture content of soils at dry and moisture stressed 
areas. So, communities and stake holders of the study area should 
practice construction of those physical structures to alleviate moisture 
stress problem of the area.

References
1.	 Adimassu Z, Mekonnen K, Yirga C, Kessler A (2014) Effect of soil bunds on 

run-off, soil and nutrient losses, and crop yield in the central highlands of 
Ethiopia. Land Degrad Develop 554-564. 

2.	 Dagnew DC, Guzman CD, Zegeye AD (2015) Impact of conservation practices 
on runoff and soil loss in the sub-humid Ethiopian highlands: the Debre Mawi 
watershed. J Hydrol Hydromech 210-219. 

3.	 Fu B, Wang J, Chen L (2003) The effects of land use on soil moisture variation 
in the Danangou catchment of the Loess Plateau, China. Catena 197-213.

4.	 Haregeweyn N, Tsunekawa A, Nyssen J (2015) Soil erosion and conservation 
in Ethiopia: a review. Prog Phys Geogr 39(6):750-774. 

5.	 Mekuria WA (2017) Assessing the effectiveness of land resource management 
practices on erosion and vegetative cover using GIS and remote sensing 
techniques in Melaka watershed, Ethiopia. Environ Syst Res 6:16.

6.	 Mekuria W, Veldkamp E, Haile M (2007) Effectiveness of exclosures to restore 
degraded soils as a result of overgrazing in Tigray, Ethiopia. J Arid Environ 
270-284. 

7.	 Muchena FN (2008) Indicators for Sustainable Land Management in Kenya’s 
Context. GEF Land Degradation Focal Area Indicators, ETC-East Africa. 
Nairobi Kenya.

8.	 Niyogi D, Kishtawal C, Tripathi S (2010) Observational evidence that 
agricultural intensification and land use change may be reducing the Indian 
summer monsoon rainfall. Water Resour Res 46.

9.	 Nyssen J, Clymans W, Descheemaeker K, Poesen J, et al. (2010) Impact of 
soil and water conservation measures on catchment hydrological response—a 
case in North Ethiopia. Hydrol Process 1880-1895.

10.	Rosenzweig C (2008) Attributing physical and biological impacts to 
anthropogenic climate change. Nature 353-357.

11.	Shaxson F, Barber R (2003) Optimizing soil Moisture for Plant Production. FAO 
Soils Bulletin 1-125.

12.	Shiferaw B, Holden S (2001) Farm-level benefits to investments for mitigating 
land degradation: Empirical evidence from Ethiopia. Environ Dev Econ 335-
358.

13.	Tefera B (2002) Nature and causes of land degradation in the Oromiya Region: 
A review. Work Pap 36.

Samples Soil texture
pH(1:2.5) in H2O OC (%) OM (%) TN (%) P (ppm) % clay % silt % sand Textural class

Sample one 7.51 2.25 3.9 0.2 21.25 14 28 58 Sandy loam 
Sample two 7.55 2.25 3.9 0.25 24.65 10 32 58 Sandy loam 
Sample three 7.35 1.5 2.59 0.18 23.45 28 12 60 Sandy clay loam 
Average 7.47 2.0 3.5 0.21 23.12 17.33 24.0 58.67

Table 2: Soil properties after the experiment.

https://onlinelibrary.wiley.com/doi/10.1002/ldr.2182
https://onlinelibrary.wiley.com/doi/10.1002/ldr.2182
https://onlinelibrary.wiley.com/doi/10.1002/ldr.2182
https://sciendo.com/pdf/10.1515/johh-2015-0021
https://sciendo.com/pdf/10.1515/johh-2015-0021
https://sciendo.com/pdf/10.1515/johh-2015-0021
https://www.sciencedirect.com/science/article/abs/pii/S0341816203000651?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0341816203000651?via%3Dihub
https://journals.sagepub.com/doi/abs/10.1177/0309133315598725
https://journals.sagepub.com/doi/abs/10.1177/0309133315598725
https://environmentalsystemsresearch.springeropen.com/articles/10.1186/s40068-017-0093-6
https://environmentalsystemsresearch.springeropen.com/articles/10.1186/s40068-017-0093-6
https://environmentalsystemsresearch.springeropen.com/articles/10.1186/s40068-017-0093-6
https://linkinghub.elsevier.com/retrieve/pii/S0140196306003491
https://linkinghub.elsevier.com/retrieve/pii/S0140196306003491
https://na.unep.net/atlas/kenya/downloads/chapters/kenya_screen_chapter4b.pdf
https://na.unep.net/atlas/kenya/downloads/chapters/kenya_screen_chapter4b.pdf
https://agupubs.onlinelibrary.wiley.com/doi/abs/10.1029/2008WR007082
https://agupubs.onlinelibrary.wiley.com/doi/abs/10.1029/2008WR007082
https://agupubs.onlinelibrary.wiley.com/doi/abs/10.1029/2008WR007082
https://onlinelibrary.wiley.com/doi/10.1002/hyp.7628
https://onlinelibrary.wiley.com/doi/10.1002/hyp.7628
https://onlinelibrary.wiley.com/doi/10.1002/hyp.7628
https://www.nature.com/articles/nature06937
https://www.nature.com/articles/nature06937
https://www.fao.org/publications/card/en/c/01ada38c-c191-5808-a390-e3238500e617/
https://www.cambridge.org/core/journals/environment-and-development-economics/article/abs/farmlevel-benefits-to-investments-for-mitigating-land-degradation-empirical-evidence-from-ethiopia/AD10073C63331F87AEC89C254D80C270
https://www.cambridge.org/core/journals/environment-and-development-economics/article/abs/farmlevel-benefits-to-investments-for-mitigating-land-degradation-empirical-evidence-from-ethiopia/AD10073C63331F87AEC89C254D80C270
https://tind-customer-agecon.s3.amazonaws.com/00c30ebb-f6ba-48ab-bb7b-0e5f4e35c5ab?response-content-disposition=attachment%3B filename%2A%3DUTF-8%27%272002-Land%2520degradation%2520review-Tefera%2520et%2520al-wp36.pdf&response-content-type=application%2Fpdf&X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Expires=86400&X-Amz-Credential=AKIAXL7W7Q3XHXDVDQYS%2F20220325%2Feu-west-1%2Fs3%2Faws4_request&X-Amz-SignedHeaders=host&X-Amz-Date=20220325T092124Z&X-Amz-Signature=768352b46072ed84537c56a35902dc3911d332c2f7ae85b79FILENAME
https://tind-customer-agecon.s3.amazonaws.com/00c30ebb-f6ba-48ab-bb7b-0e5f4e35c5ab?response-content-disposition=attachment%3B filename%2A%3DUTF-8%27%272002-Land%2520degradation%2520review-Tefera%2520et%2520al-wp36.pdf&response-content-type=application%2Fpdf&X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Expires=86400&X-Amz-Credential=AKIAXL7W7Q3XHXDVDQYS%2F20220325%2Feu-west-1%2Fs3%2Faws4_request&X-Amz-SignedHeaders=host&X-Amz-Date=20220325T092124Z&X-Amz-Signature=768352b46072ed84537c56a35902dc3911d332c2f7ae85b79FILENAME

	Title
	Abstract

