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Abstract

Mountain forests are important for their production and protection values. They serve as a homes of important timber, wood
and non-wood products in several countries and most importantly they serve in storing water and preventing erosion. They
are also hotspots of biodiversity including common indigenous species that are used for different purposes in the society
which are categorized as timber and non-timber forest products (NTFPs). Many of mountain forests are playing the role of
carbon sinks to mitigate climate change. However, most of the world's mountain communities are strongly influenced by
surrounding lowland and urban areas with regard to timber extraction, expansion of agricultural land to the fertile soils of
the forest ecosystem with the addition of forest fire incidences. In a changing climate, human induced disturbances and lack
of awareness are the major threats for the mountain ecosystems. Maintenance and new approaches for the management of
the mountain ecosystems with the special attention and proper actions to save and maintain the productive, protective, socio
cultural roles of mountain forests may be essential for maximum stability and integrity for the sustainability of the mountain

forest ecosystems.
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Introduction

Mountain forests make up a third of all natural forest cover
worldwide', are a living place to 12% of the global inhabitants,
and include 28% of the world’s forests®. They are one of the
most important ecosystems in the world as they provide
numerous important ecological, hydrological, social, and
economic values. Mountain forests are important homes of
important timber, wood and non-wood products in several
countries. For example, the major source of fuel energy for the
people living around mountain in developing countries and to
some extent in developed countries is wood. The collected fuel
wood from mountain is used for cooking, heating, dry and
prevent insect damage to stored crops, and purify water and/or
sources of economy for both the collectors and the nearby
settlements in the foothills of the mountain®. It is commonly
accepted that mountain forests especially assume various
functions for society more and more, corresponding to the
public utilities’, protection of the soils, supply of products for
human lives and infrastructures, the purification of air and
water, activities linked with tourism and recreation (including
hunting), and rural development (through grazing and timber
production). Mountain forests are also central elements in
natural patrimony and cultural heritage®.

Generally, mountains are primarily hotspots of biodiversity”®
and common indigenous species that are used for different
purposes in the society which are categorized used as a timber
and non-timber forest products (NTFPs). This is due to their
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vertical expansion which creates different climatic conditions
only short distances apart®. And also mountains are global
centres of biodiversity; 25 of the 34 global biodiversity hotspots
are wholly or partially in mountains’.

However, most of the world's mountain communities are
strongly damaged by surrounding lowland and urban areas with
regard to timber extraction, watershed management and, often,
recreation™'’, and most importantly expansion of agricultural
land to the fertile soils of the forest ecosystem is one of the top
most problems challenging the mountain forests and diversities
around especially in developing countries. This is because of the
question of how much or what fraction of deforestation
(emissions) in a country is caused by a specific driver (i.e.
expansion of agriculture versus infrastructure) cannot be
answered for many developing countries''. Even though the
mountain ecosystems are very important for life on the earth,
attention given to the environment is less than to which it’s
supposed to be that is evidenced by scarcity of references and
reports from the scientific community in comparison to works
on other forest ecosystems. This article is intended to click on
the gaps and so that scientists and other concerning stakeholders
could give more attention in research and scientific works to
manage the mountain forest ecosystems.

Mountain Forests as a Landscape Resources

In the UN General Assembly'” the Agenda 2030, the importance
of mountain ecosystems is clearly recognized in the category
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life on land Sustainable Development Goal (SDG 15), set as a
goal for management by the goal targeting to achieve by the
year 2020, “to ensure the conservation, restoration and
sustainable use of terrestrial and inland freshwater ecosystems
and their services, in particular forests, wetlands, mountains and
drylands, in line with obligations under international
agreements” (goal 15.1), and more specifically ‘‘by the year
2030, to ensure the conservation of mountain ecosystems,
including their biodiversity, in order to enhance their capacity to
provide benefits that are essential for sustainable development’’
(goal 15.4).

The importance of mountain forests is clearly stated by different
repots and findings from countries of different
continents'>*%'>*! but the capacity of mountain ecosystems to
provide key services is however at risk'>'?. Therefore, as a land
scape resources mountain forests need integrated management
system as integrated forests resource management (IFRM) is an
approach of managing forest resources sustainably by helping
forest users, managers, and other stakeholders to achieve their
different goals by willfully taking into account, and aiming to
reconcile and synergize, their various interests, attitudes, and
actions.

Challenges of Mountain Forests

Forest Disturbance as a Major Issue: Mountains are fragile
and often remote regions, whose human population are often
highly vulnerable to environmental, economic and social
changes at all scales from local to global'®. Due to the slope and
natural settings, diversities included, increasing interests of
societies for recreation purposes, the mountain environments
and forest ecosystem are exposedfor changes; specifically
disturbances.

A disturbance is a discrete event (volcanic eruption, fire,
browsing, tree fall, branch break, etc.) that changes the species
composition, the looks (physiognomy/structure) and/or
physiological processes and resources, such as light,
temperature and nutrients, in any vegetation system'”'®. As
ecosystems are dynamic entities, variable across both space and
time, and these patterns of variability in ecosystem development
are modulated by events or processes known as
““disturbances””"”.

Land conversion specifically due to agricultural expansion is
widely believed to be one of the main causes of deforestation. In
Frolking et al.'’stated that fire, windstorms, logging, and
shifting cultivation are dominant disturbances; minor
contributors are land conversion, flooding, landslides, and
avalanches. However, the influence of land conversion on forest
ecosystem is not simple especially in the developing world, as
in most developing economies the decline in forest and
woodlands is mainly the result of land conversion, in particular
agricultural expansion for crop production®” *'. It was stated that
the influence of agriculture in the global deforestation is
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significant; by considering the importance of both agriculture
and forests for the livelihood of human and sustainability of life
on the earth, there is an exigent need to build a positive
interaction in between these two land uses™.

The perception of disturbances has evolved over time but
continues to vary geographically. Sometimes disturbances are
seen as beneficial ecological processes and sometimes as
catastrophes that threaten the ecosystems they affect. Often they
cause substantial concern among the public and policy makers, a
concern that is reported or promoted by the popular press™. In
Geldenhuys et al."® stated that disturbances at different scales are
a natural part of all types of vegetation, and also of natural
forests and woodlands. They have a benefit for natural processes
like distribution of seeds, transportation of seeds from the
sources origin to other environment via different agents like
wind, water, animals and birds and also in contrary, they can
influence the entire ecosystem depending on the way they
happen with mismanagement.

In many regions over the past centuries human activities have
strongly influenced forest dynamics, especially following
natural disturbances, thus limiting our understanding of natural
ecological processes, particularly in densely-settled regions™.
Analysis of the disturbance regime of a forest can be of great
value for understanding patterns of structure and composition,
as well as being important for defining appropriate management
interventions”. Characterizing the disturbance regime typically
involves assessing the severity, timing, and spatial distribution
of the different types of disturbance affecting the forest. It is
useful to note the difference between the intensity and severity
of disturbance. And also every action in the forest ecosystem
specifically in mountain forest ecosystem needs care to avoid
the distinct effect on the forest environment.

Climate Change: Our understanding of the magnitude and
ecological implications of climatic variation in space and time
has greatly developed over the past decades®. Climate change is
one of the major disturbing factor which affects the amount and
values of forest resources. The impact of climate change on the
forest resources is in multidimensional means; such as
fluctuation of seasons, altering the frequency, duration, and
timing of fire and drought, increasing the intensity of disease
incidence, and timing of fire, drought, invasive species, insect
and pathogen outbreaks, hurricanes, windstorms, ice storms, or
landslides®” .

Understanding the extent and impact of each disturbance
resulted from climate change on the forest provides a
background for examining ways to cope with the impacts of
climate change® .Forest disturbances, both anthropogenic and
natural, influence forest systems by affecting their composition,
structure, growth, development and functional processes.

With a predicted global temperature increase of 2.0-4.5°C until
the end of the century®’, climate change is expected to affect
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density and diversity of forest resources and its influence is
sever for mountain forests. For instance Harald et al.’' stated
that in mountain ecosystems, numerous causes are of crucial
importance that may be nearly negligible elsewhere. Examples
include determination of slope angle and aspect for the
influence of energy stability, role of the steep slopes on
downhill or water flows, impacts of root systems on slope
maintenance, the relationship in between high topographic and
biotic heterogeneity, the role of forest vegetation on steep slopes
for keeping ecosystems, human and infrastructure from natural
threats such as avalanches and rock fall.

Changes on climatic conditions strongly alter forest dynamics,
particularly disturbance and species assembly, complicating the
prediction of the future contribution of forests to climate
regulation™.

Table-1: Challenges of Mountain forests and the potential
impacts.

Challenges of
mountain Potential Impacts Sources
forests
Povert Reducing  production and
y results in dependency on the | 33,34
challenge .
mountain forests,
Climate change By changlng the (;hmatlc
challenge parameters; particularly 2,29
temperature and precipitation
The fragile | Complexity of topography,
nature of | greatly enhanced direct runoff 2,34
ecosystem and erosion
Agricultural Deforestation and conversion 35 11
expansion of land use system ’
Unsustainable extraction of
Dependency of | .
wide range of goods and | 33,37
lowland people .
services

Management and Maintenance Mechanism for
Mountain Forests

Participatory Forest Management (PFM) for Mountain
Forests: Mountain forests have a high potential for securing
livelihoods by providing opportunities other than timber use
because of their beautiful scenery and the associated ecosystem
functions'**°, and they are among the most important
ecosystems as they support numerous ecological, hydrological,
climatic, social, and economic functions. Mountain ecosystems
can only continue to provide all these services in a rapidly
changing world if sustainable forest management is
implemented and ecosystem services and benefits are
considered in forest management at local, landscape and
regional scales. The sustainable management of mountain forest
can be achieved by the approaches by considering the
relationship in between ecosystem and social processes. One of
the best method that can be used to manage the forest resources
is participatory forest management (PFM).
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Participatory Forest Management (PFM) is a technique to
manage forests and improve the livelihoods of societies who
depend and use from them in the process'®. As mountain forest
ecosystems provide a wide range of direct and indirect
contributions to the people who live in the mountains and
surrounding areas™, including nearly 50% of the world’s
freshwater for direct consumption, agriculture, and energy”, are
originated from mountain forest ecosystems, and mountain
tourism accounts for 15-20% of the world’s tourism industry,
totaling an estimated $US70-90 billion per year. Therefore, the
areas are typically exposed to multiple disturbances, damages
and hazards. Extreme events such as storms, landslides,
avalanches and rock falls may become more common and
intense in mountain areas” beside to anthropogenic impacts
resulting in major changes in the ecosystem.

The socio cultural values of mountain forests as to the definition
given in Uta et a1.4°, Bernue’s et al.‘“; MEA* are nonmaterial
benefits from mountain forest ecosystems, which includes
recreational facilities and tourism, aesthetic appreciation,
inspiration, a sense of place and educational value®. However,
the socio cultural values of mountain forests results a serious
problem on mountain forests mainly forest fire, invasive
species, and damage on some specific species and so on.

Trends and experiences over the last decade appear to confirm
the general assumption that PFM, when well facilitated, can
lead to recovery and/or maintenance of forest quality*®, and also
Aklilu et al.,* expressed that participatory management was
more successful than government management in making
forestry sustainable. On the same ways expressed about as there
were increases in basal area and volume in sites managed under
both joint and community-based forest management, and
declines in both of these variables in forests under government
or open access management” . Therefore, inclusiveness; PFM is
a key management method to include the users in management
so as to share the responsibility of management with the user
group or society.

Maintenance Mechanism for Mountain Forests: Can the use
of continuous cover forestry alone maintain mountain forests?
Traditional rural activities, such as agriculture, fuel wood
collection, charcoal production, livestock grazing and forestry,
together with expansion of infrastructures, and tourism and
recreation are the major challenges for the mountain
communities. Even though there is a difference from place to
place and countries to countries based on the socio-economic
and awareness context of each country, such activities are
nowadays either declining or in full expansion. Therefore,
protection is of vital importance to human populations and
activities.

Physical soil and water conservation technologies are the best
mechanisms for managing mountain forests. Soil erosion may
cause severe loss of topsoil where organic matter and vital
nutrients needed by tress for survival. As the land degradation
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leads to the deterioration of soil quality*®, the physical soil and
water conservation technologies plays a great role in protection
of the soil erosion. For instant, the studies byKebede at al.;
Joas,47" 8 revealed that the use of soil conservation interventions
such as traditional stone bunds, terracing and diversion ditches
in contributed a significant effect on the reduction of land
degradation. More than 80% of land degradation is due to soil
erosion; out of which 56% is due to the water-induced soil
erosion”’, therefore, the physical structures are mechanisms to
protect the erosion problem.

Conclusion

The coverage of mountain forests of the world’s land surface is
about 900, which is about 20 percent of forest coverage in the
world. Although there is difference in gaining of resources from
mountain ecosystems based on the developmental level of
countries, the mountain ecosystem provides a great support to
human beings. The followings are the categories of benefits
from mountains forest ecosystems to human beings (Figure-1).

Mountain forests are subject to many forces of changes, in
different ways including expansion of agriculture, forest fire,
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climate change, and mismanagement. Mountain forests are
particularly endangered and many mountain forests have been
almost completely destroyed. They are threatened by climate
change, because of their steep slopes and changing climates and
weather conditions, they are fragile ecosystems and also by
human use that challenges mainly in the form of disturbances.
Forest disturbances, both anthropogenic and natural, influence
forest systems by affecting their composition, structure, growth,
development and functional processes.

Forest management of the mountain should be designed and
implemented to solve the problems of forest overuse which
leads to degradation. Because, mountain forest degradation
could result environmental complications such as soil erosion,
landslides, rock falls, extreme water runoff or reduction in the
capacity of water storage, the drying of springs and the loss of
biodiversity; that directly put a negative influences on
livelihoods and even cause loss of life. Therefore, special
attention and adequate measures to save and maintain the
productive, protective, socio cultural functions of mountain
forests maybe required for maximum stability and integrity.
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Figure-1: Importance of mountain ecosystems, compiled from different sources

International Science Community Association

Sociocultural values
- Aesthetic values
- Spiritual values
- Educational values
- Recreational values

. /

42,38,50,51



Research Journal of Agriculture and Forestry Sciences

ISSN 2320 - 6063

Vol. 7(3), 44-50, July (2019)

References

1.

10.

11.

12.

Martin S. (2010). Five facts about mountain forests. WWEF.
http://p.dw.com/p/Mnh8.  06.04.2010.  Accessed in
1/29/2018.

Martin FP. (2003). Why mountain forests are important?.
The Forestry Chronicle, 79(2), 219-
222. https://doi.org/10.5558/tfc79219-2.

Nathalie B. and Martin F.P. (1999). Mountain people,
forests, and trees: Strategies for balancing local
management and outside interests. A synthesis of an
electronic conference of the Mountain Forum. The E-
conference report.

Marieke S., Douglas S. and Ken E.G. (2015). Fuelwood
collection and its impacts on a protected tropical mountain
forest in Uganda. Forest Ecology and Management, 354,
56-67.

Harald B., Barbel Z. and Sabine S. (2005). Projecting the
Impacts of Climate Change on Mountain Forests and
Landscapes. Global Change and Mountain Regions, 477-
487.

Gerard B. (2002). Multipurpose management of mountain
forests: which approaches?. Forest Policy and Economics,
83-87.

Gratzer G. and Keeton W.S. (2017). Mountain forests and
sustainable development: The potential for achieving the
United Nations' 2030 Agenda. Mountain research and
development, 37(3), 246-253.

Georg G. and Bruno M. (2011). Mountain Regions of the
World: Threats and Potentials for Conservation and
Sustainable Use. Some expert’s opinions. Austrian
Academy of Sciences Press, Vienna.

FAO. (2011). Mountain forests in a changing world.
Realize values, addressing challenges. The Food and
Agriculture Organization of the United Nations, with the
support of the Swiss Agency for Development and
Cooperation, SDC.

Dias E. and Melo C. (2010). Factors influencing the
distribution of Azorean mountain vegetation: implications
for nature conservation. Biodiversity and conservation,
19(12), 3311-3326. https://doi.org/10.1007/s10531-010-
9894-x.

Noriko H., Martin H., Veronique D.S., Ruth S.D.F., Maria
B., Louis V., Arild A. and Erika R. (2012). An assessment
of deforestation and forest degradation drivers in
developing countries. Environmental Research Letter7
pp-12.

UN General Assembly (2015). Transforming Our World:
The 2030 Agenda for Sustainable Development.

A/RES/70/1.http://www.un.org/ga/search/view_doc.asp?sy
mbol%A/RES/70/1&Lang"E. Accessed on 7 May 2018.

International Science Community Association

13.

14.

15.

16.

17.

18.

19.

20.
21.
22,

23.

24.

25.

Res. J. Agriculture and Forestry Sci.

Robert H., Rigling A., Bebi P., Brand F.S., Briner S.,
Buttler A., Elkin C., Gillet F., Grét-Regamey A., Hirschi
C., Lischke H., Scholz R.W., Seidl R., Spiegelberger T.,
Walz A., Zimmermann W. and Bugmann H. (2013).
Sustainable land use in mountain regions under global
change: synthesis across scales and disciplines. Ecology
and Society 18 36. http:// dx.doi.org/10.5751/ES-05499-
180336

Girma A. (2006). Integrated and participatory forest
management in the Bale Mountains of Ethiopia.
International symposium towards sustainable livelihoods
and ecosystems in mountainous regions 7-9 March 2006,
Chiang Mai, Thailand.

Beniston M. and Stoffel M. (2014). Assessing the impacts
of climatic change on mountain water resources. Science of
the Total Environment, 493, 1129-1137.

FAO. (2011). Participatory Forest Management in Ethiopia,
Practices and Experiences. The sub regional Office for
Eastern Africa (SFE), Addis Ababa, Ethiopia.

Frolking S., Palace M.W., Clark D.B., Chambers J.Q.,
Shugart H.H. and Hurtt G.C. (2009). Forest disturbance and
recovery: A general review in the context of space borne
remote sensing of impacts on aboveground biomass and
canopy structure. J. Geophys. Res., 114, GOOE(02, Doi:
10.1029/2008JG00091.

Geldenhuys C.J., Ham C. and Ham H. (2011). Sustainable
Forest Management in Africa: Some Solutions to Natural
Forest Management Problems in Africa. Proceedings of the
Sustainable Forest Management in Africa Symposium.
Stellenbosch, South Africa.

Anton F., Philip M. and Ann C. (2013). Disturbances in
deciduous temperate forest ecosystems of the northern
hemisphere: their effects on both recent and future forest

development. Review paper. Biodiversity Conservation,
1863-1893.

FAO. (1997). State of the World's Forests. Rome, Italy.
FAO. (2003). State of the World's Forests. Rome, Italy.

FAO. (2016). State of the World’s Forests 2016. Forests
and agriculture: land-use challenges and opportunities.
Rome.

Kulakowski D., Svoboda M. and Bebi P. (2017). The
central role of disturbances in mountain forests of Europe.
Forest Ecology and Management, 100(388), 1-2.

Bebi P., Seidl R., Motta R., Fuhr M., Firm D., Krumm F.
and Kulakowski D. (2017). Changes of forest cover and
disturbance regimes in the mountain forests of the Alps.
Forest ecology and management, 388, 43-56.

Adrian C.N. (2007). Forest Ecology and Conservation. A
Handbook of Techniques. Oxford University Press is a
department of the University of Oxford. Oxford New York,
148.



Research Journal of Agriculture and Forestry Sciences

ISSN 2320 - 6063

Vol. 7(3), 44-50, July (2019)

26.

27.

28.

29.

30.

31.

32.

33.

34.

3s.

36.

Bente J.G., Vigdis V., Scott W.A., Wolf L.E., Jens-ChS
Kristoffer H., Johan E., James D.M.S., Kari K., Kari A.B.,
Ann M., @ystein H.O., Inger G.A., Rasmus E., Hans H.B.,
John B.B., Kristine B.W., Hilary H.B. and Jonathan L.
(2018). Stay or go — how topographic complexity
influences alpine plant population and community
responses to climate change. Perspectives in Plant Ecology,
Evolution and  Systematics, 30, 41-50. https://
doi.org/10.1016/j.ppees.2017.09.008.

Virginia H.D., Linda A.J., Steve M., Ronald P.N., Matthew
P.A., Michael D.F., Paul J.H., Lloyd C.I., Ariel E.L., Chris
J.P., Daniel S., Frederick J.S., Brian J.S., Michael BW.
(2001). Climate Change and Forest Disturbances. American
Institute of Biological Sciences. BioScience.P., 723-734.

Westerling A.L., Hidalgo H.G., Cayan D.R. and Swetnam
T.W. (2006). Warming and Earlier Spring Increase Western
U.S. Forest Wildfire Activity. 10.1126/science.1130691.

Kohler T., Wehrli A. and Jurek M. (2014). Mountains and
climate change: A global concern. Sustainable Mountain
Development Series. Bern, Switzerland, Centre for
Development and Environment (CDE), Swiss Agency for
Development and Cooperation (SDC) and Geographica
Bernensia, 136.

IPCC. (2007). Climate Change 2007: Synthesis Report.
Contribution of Working Groups I, II and III to the Fourth
Assessment Report of the Intergovernmental Panel on
Climate Change [Core Writing Team, Pachauri, R.K and
Reisinger, A. (Eds.). IPCC, Geneva, Switzerland, 104.

Harald B., Barbel Z. and Sabine S. (2005). Projecting the
Impacts of Climate Change on Mountain Forests and
Landscapes. Global Change and Mountain Regions, 477-
487.

Thom D., Rammer W. and Seidl R. (2017). The impact of
future forest dynamics on climate: interactive effects of
changing vegetation and disturbance regimes. Ecological
monographs, 87(4), 665-684.

UNEP. (2002). Impact of Global Warming On Mountain
Areas Confirmed By Unep-Backed Mountaineers.
Environmental issues and sustainable development.
UNEP/114.

UN. (2002). FAO Announces International Year of
Mountains in 2002; Sounds Alarm on Degradation of
Mountain Environments. Press Release SAG/76.

Lindell L. (2011). Environmental Effects of Agricultural
Expansion in the Upper Amazon. A Study of River Basin
Geochemistry and Hydrochemistry, and Farmers”
Perceptions, Linnaeus University Dissertations No 65/2011.
ISBN: 978-91-86983- 05-5.

Noriko H., Martin H., Veronique D.S., Ruth S.D.F., Maria
B., Louis V., Arild A. and Erika R. (2012). An assessment
of deforestation and forest degradation drivers in

International Science Community Association

37.

38.

39.

40.

41.

42,

43.

44.

45.

46.

47.

Res. J. Agriculture and Forestry Sci.

developing countries. Environmental Research Letter, 7,
12.

UNEP-WCMC. (2002). Mountain Watch: Environmental
change and sustainable development in mountains. UNEP-
WCMC Biodiversity Series 12. Cambridge, UK.

Baral H., Jaung W., Bhatta L.D., Phuntsho S., Sharma S.,
Paudyal K., Zarandian A., Sears R.R., Sharma R., Dorji T.
and Artati Y. (2017). Approaches and tools for assessing
mountain forest ecosystem services. Working Paper 235.
Bogor, Indonesia: CIFOR.

Klas S. (2011). A view from the top: mountain forests.
Development in changing climate, making our future
sustainable. The World Bank. https://blogs.worldbank.org/
climatechange/view-top-mountain-forests. Accessed,
28/02/2018.

Uta S., Florian T., Ulrike T. and Erich T. (2016). Cultural
ecosystem services of mountain regions: Modelling the
aesthetic value. Ecological Indicators, 69, 78-90.

Bernue’s A., Rodri’guez-OT., Ripoll-B.R. and Alfnes F.
(2014). Socio-Cultural and Economic Valuation of
Ecosystem Services Provided by Mediterranean Mountain
Agroecosystems. PLoS ONE, 97, €102479.
doi:10.1371/journal.pone.0102479.

MEA. (2005). A Report of the Millennium Ecosystem
Assessment. Ecosystems and Human Well-Being. Island
Press, Washington DC.

Blomley T. and Ramadhani H. (2006). Going to scale with
Participatory Forest Management: early lessons from
Tanzania. International Forestry Review, 8(1), 93-100.

Ameha A., Meilby H. and Feyisa G.L. (2016). Impacts of
participatory forest management on species composition
and forest structure in Ethiopia. International Journal of

Biodiversity Science, Ecosystem Services & Management,
12(1-2), 139-153. DOI: 10.1080/ 21513732.2015.1112305.

Tom B., Kerstin P., Jaconia I., Eliakimu Z., Antje A. and
Neil B. (2008). Seeing the wood for the trees: an
assessment of the impact of participatory forest
management on forest condition in Tanzania. Fauna &
Flora International, Oryx, 42, 380-391. Doi: 10.1017/
S0030605308071433.

Mango N., Makate C., Tamene L., Mponela P. and Ndengu
G. (2017). Awareness and adoption of land, soil and water
conservation practices in the Chinyanja Triangle, Southern
Africa. International Soil and Water Conservation

Research, 5(2), 122-129.

Wolka K., Moges A. and Yimer F. (2013). Farmers’
perception of the effects of soil and water conservation
structures on crop production: The case of Bokole
watershed, Southern Ethiopia. African journal of
environmental science and technology, 7(11), 990-1000.
DOI: 10.5897/AJEST2013.1529.



Research Journal of Agriculture and Forestry Sciences ISSN 2320 — 6063

Vol. 7(3), 44-50, July (2019) Res. J. Agriculture and Forestry Sci.

48. Joas T. (2015). Effects of Soil and Water Conservation and Bernhard W. (2017). Mountain Watersheds and
Techniques on Soil Productivity and Bean Grain Yield in Ecosystem Services: Balancing multiple demands of forest
Nyamasheke District, Rwanda. M.Sc thesis, Kenyatta management in head-watersheds. European Forest Institute
University. Kenya. Yliopistokatu 6, FI-80100 Joensuu Finland.

49. Oldema L.R. (1992). Global extent of soil degradation. 51. Herdis H., Joar S. and Sanne B.H. (2017). Cultural Heritage
International Soil Reference and Information Centre, and Ecosystem Services: A Literature Review.
Wageningen, The Nertherlands, 19-36. Conservation and Management of Archaeological Sites,

50. Roberto T., Giuseppe S. M., Catrin P., Thomas H., Paolo A. 19(3), 210-237. DOIL:  10.1080/13505033.2017.1342069.

International Science Community Association 50



