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Abstract

Land degradation in Ethiopia leadster alia, to a decline in soil quality and depletion oflsmiganic carbon
(SOC). Sequestration of SOC, in turn, is a practigdion not only to increase the SOC stock andityydut
also to decrease soil degradation, increase privdyctand mitigate climate change. The objectiViettus
review is to show gaps and priorities in researuhdevelopment related to SOC sequestration iropidi The
review focuses at the SOC pool, distribution, #$ation with degradation, progress achieved andréut
direction in SOC sequestration.

The review shows that land degradation in Ethigts® implies a historic loss of the SOC pool. Aliptgary
estimate in this study shows that the SOC pooltivioiia is 14 billion tons of C. Reviewed figuref@dm plot
to large scale study) implied erosion-induced S@g@letion values from 0.02 to 0.97 tonnes/ha/yr.edeated
carbon depletion ( in both biomass and soils) ccam an estimated 0.2 million ha of forest land and8
million ha of croplands in two cropping seasonsviBw of eight year Ministry of Agriculture reportigws that
the current national estimate of SOC building pcast sustainable land management, is coveringtabou
million ha per year, with an investment of 150 roill USD/yr. In spite of such development effortsnatural
resources management since the mid-1970s, stilitai® million ha of land has depleted SOC. Basedhen
review, the paper outlines research and developmentities and recommends establishing carbon okw
and linking SOC financing with efforts to mitigdtnd degradation and climate change.
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1. Introduction

Ethiopia is located at84’'N-1518’N latitude and 322 E-4818'E longitude. It is a land-locked country with a
land area of 1.12 million kfmoccupying a significant portion of the Horn of &f. The country has diverse
climate, geology and topography resulting in a tegfeneity of soil types (Hurrt al, 2007; Mesfin, 1998). The
Ethiopian highland is believed to have been venjiléeprior to human settlement a few thousand yesgo.
Today, however, one of the major challenges fatirggnation is the degradation of land. Land dediadan
the Ethiopian highlands is well-documented (e.gurrii et al 2007, Demel 2001, SIDA 2003, FAO 1984,
Hawando 1997, Taddese 2001). Land degradation hiojEa has contributed to the decline in agricaltur
productivity, persistent food insecurity, and rupalverty (World Bank, 2008). Soil loss, nutrieniptigion and
decline in soil quality are some of the manifestadi of land degradation. The drastic effect of sodlsion on
soil quality and soil organic carbon (SOC) is didsdt in Kimbleet al. (1999) and Lal (2004) as the effect of
high SOC concentration in the top soil. Thus, tegrddation of land in Ethiopia has resulted indbpletion of
the carbon stock not only in biomass, but alsmitss

Coupled with land degradation, climate change iacerbating environmental problems in Ethiopia (NMSA
2001, Nilesget. al2010). The first national greenhouse gas (GH@@nitory was conducted in 1994. The study
shows that the sink capacity in the agriculturee$try and land use sectors were decreasing rapitilg there
has been an increasing trend in GHG emissionshiofa (NMSA 2001).Carbon sequestration is one of the
mitigation measures to offset one of the GHG emigshamely CQ

Carbon sequestration can store carbon in the lemg tn oceans, soils, vegetation (especially fejeahd in
geologic formations. Theerm “sequestration” as used in the Kyoto Protéas@quivalent to the term “storage”
(FAO, 2001b). Carbon sequestratisna term describing the process that removes odfioon the atmosphere
either through natural and artificiptocesses. Natural carbon sequestration considéssas a biogeochemical
interface between atmosphere, biosphere and hyliospplaying an active and significant in globaligsions

187



Journal of Environment and Earth Science www.iiste.org
ISSN 2224-3216 (Paper) ISSN 2225-0948 (Online) JLINE]
Vol. 3, No.12, 2013 IIST[

and sequestration. Sequestration could be in azgaminorganic forms, and places where carbondeedtare
called carbon sinks (Jones 2007).

Basset al. 000) reviewed two carbon management strategibgiag (1) carbon sequestration and (2) carbon
conservation. Sequestration is increasing the oétearbon accumulation into a sink, while consdoratis
reducing or minimizing the already fixed carbon ansink. For this paper, soil organic carbon (SOC)
sequestration has been defined as the accumutaticarbon through sustainable land managementipeactin
determination of SOC sequestration, the resistambg of soil organic carbon, such as charcoalnategaken
into account (Batjes 1996); however, sequestrdtionses on resistant forms of soil carbon. A saibon pool
comprises both of the soil organic carbon (SOC) thedsoil inorganic carbon (SIC),cf. Lal (2004).lI$@s the
potential to store carbon and contribute to mitigaglobal climate change. The soil is the largestestrial pool

of organic carbon (Batjes 1996, Lal 2004). In tosall contains about 3 times more carbon tharathmsphere,
and 4.5 times more carbon than in living beingsndée a relatively small increase in the proportadrsoil
carbon could make a significant contribution tougidg atmospheric carbon (Walcettal 2009, Lal 2004).

A review on soil carbon sequestration in Ethiogiadquired to identify key gaps and know major rities in
research and development to increase soil carlmmksstwhile increasing agricultural productivity. time past,
the most visible problem, land degradation, hasrakttention of the government and its developrpartners.
There are several research projects focusing orviible problem of soils and associated issues, nge
attention was given to the invisible problem, déple of the soil organic pool. This difference ioctis has
necessitated review on soil carbon sequestrationder to direct research and development projectssing on
soils in a bid to mitigate land degradation anchalie change.

2. Soil carbon pool and distribution in Ethiopia

The great variability in topography, geology, orgamaterial and climatic factors have resulted ighh
variability of the different soil types in Ethiopi@urni et al, 2007; Haileslassiet. al 2005; Mesfin, 1998).
FAO'’s soil map provides the description and regidistribution of soil types in Ethiopia (Huret al 2007). In
spite of the existence of the 19 FAO soils unitsl ds variability, six units cover half of the landass
(Haileslassieet al,;2005) (Table 1).

Although there are case studies on soil carbonspioolselected parts of Ethiopia (Girmetyal,2008) estimate
on national soil carbon pools is missing. In spitéhe limited knowledge of soils, data, varialyiland various
forms of soil carbon and factor influencing the lsp@attempt was done to estimate soil carbon po&thiopia
(Table 1). The estimate was based on bulk dengityrds from African Highland Initiative (AHI 19973nd
Mesfin (1998). Soil profile data were used from URBAO (1984) and estimates from Batjes (1996). Sail
carbon stocks (tonnes C/ha) was calculated basexarmon concentration (%) and bulk density (BD) éach
mean depth in the soil unit as described in Jo@867). In this review, soil organic carbon (SOC}H awil
organic matter (SOC) are used interchangeably, thighunderstanding that SOC is only about 58% oMSO
(Lal 2004, Batjes 1996, Jones 2007).

Looking at the major landforms and altitudinal @dions, the soils of Ethiopia can be grouped aklaigl soils
and lowlands soils (AHI 1997, Hurmit al. 2007). Divided by the Ethiopian Rift Valley, theghlands have
plateaus and mountain landforms with adequate athimhoderate to cool temperatures and a dense thuma
population. According to Hawando (1997), the higkllareas represent areas above 1500 m asl.

According to Mesfin (1988), the predominant sojpég in the highlands are Nitosols, Ferralsols aadisols.
Nitosols are often associated with Ferralsols aodsals (FAO 2001a; Hurret al.2007). Large amounts of soil
organic carbon lie above 100 cm in depth, as lgaamiic soil carbon in the deep soils of tropics anbitropics,
such as Acrisols, Ferralsols and Nitosols and &llsoils (Batjes, 1996V ast area of Vertisols exist in Ethiopia
(FAO, 2001,a; Mesfin, 1988). Most surface horizof§/ertisols in Ethiopia contain 3-10% organic reathnd
generally increasing with higher clay contents4iJet al. 1988). Cambisols occur in both the highlands &ed t
lowlands on slopes where erosion is common. These/@ungish soils with a humus surface layer, aseldu
intensively leading to lower soil organic contemtlie highlands of Ethiopia.

The lowlands of Ethiopia are in the Rift Valley the Somalia, Afar and Borena lowlands. The lowlahdge
scarce vegetation, inadequate rainfall and higtp&ature. Some of the lowland soils are shalloWwan 0 cm
(Hawando 1997). The dry conditions in the lowlanelstrict soil development (Hurett al 2007). Soils formed
under dry and low land condition have shallow deptt low organic carbon (FAO, 2001a). Accordingdnes
(2007) “soil carbon accumulation is positively adated with rainfall and negatively correlated with
temperature”. A good soil inorganic carbon (SICplpis important in arid region soils (Lal 2004). dept for
Fluvisols and Andosols, which have high organidoarsimilar to the Rift Valley (FAO, 2001a), thesiand
soils like Xerosols, Yermosols, Arenosols have vemy organic carbon (Hawando 1997; Huetial. 2007).
Inorganic soil carbon (ISC), occurs largely as oadie minerals, are common for low land soils faireer
calcareous parent material. Globally, small amowoh@rganic carbon are encountered in Xerosol2{642 Kg
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C/n?) Yermosols ( 3.1-3.4 Kg C/in(Batjes, 1996). The SOC pool is low in arid regi@nd is high in cool and
moist regions (Lal 2004). In the Ethiopian contaxfative to the lowland soils, the highland sdisve high
organic matter content (except for areas with highradation due to anthropogenic effect), becawesedils are
deep with high vegetation and cool temperature.

3. Soil carbon depletion and sequestration in Ethiopia.

The degradation of Ethiopian soil, especially ia tlighlands, implies depletion of soil carbon oa ¢time hand.
On the other hand, the massive land rehabilitatioth conservation response by Ethiopian governmuashtita
partners since the mid 1970s (Osman and Sauer®@di) also imply possibilities for sequestratiorcafbon.
The causes of land degradation in Ethiopia are tesmpnd diverse but it has implication for soil kwamn.
Several natural, social and institutional factors discussed (World Bank, 2008; Taddese, 2001; iHetral
2007, Demel 2001; Alemayehu 2009; SIDA 2003; Haveeh897; Berry 2003), the major five reasons arst,fi
the heavy reliance of Ethiopia's rapidly growingpplation on subsistence agriculture. Secdtitliopia's rugged
geomorphic features, steep slopes, highly erosivdall and scarce land cover. Third, widespreaalr farming
(over-cultivation, deforestation, crop residue dodg use for energy, monoculture, slope cultivatiombalance
between crop-livestock /over grazing/) methods. rilguland tenure insecurity discouraged long-teandl
improvement measures. Fifth, inadequate agricdlamawledge and poor soil extension service, weethvork
in coordination and mobilization of human and ficahresources.

There are several case studiesducted to portray loss of forest, soil, nutriemegetation and water resources
(Table 2). The studies imply the resulting depletdd soil carbon stock in the nation. The huge lufstertile top
soil is also a loss of SOC. The burning of cropdwss and use of dung for fuel leads to the depietif soil
carbon. A global study of soil carbon shows that finst 30 cm of mineral soil holds 39-70% of totafyanic
carbon and the first 50cm accounts for 58-81% ef tital organic carbon (Batjes, 1996). This refleitte
potential loss of SOC when soil is mis-managed @aflg in context of tropical soils. Progressiveional forest
declined from the original cover of 65% to 16% e t1950s, 2.7% in 1990 and 2.2% in 2002 (Berry 320
spite of the inconsistency of data on trends ofl lase change over the years, there is an increasingd in
expansion of arable land and a reduction of fomestl(Girmayet al, 2008; EPAE, 2004), which again leads to
biomass and soil carbon depletion.

It is worth to notice the importance of soil organarbon and the danger associated to it in thegtagpian
history. The collapse of the Aksumite Kingdoms ahdt of power to the southern kingdoms is alsmaisged
with relative overpopulation, deforestation, ovaltivation of the once fertile land (Huret al, 2007). The cost
estimates vary as estimates on the severity of ldegradation varies (Berry, 2003). If left unchetke
deforestation, soil degradation and declining ligytare predicted to lead to as much as a 30 pat drop in
average per capita income by 2015 (Bekalo and 8gri2002). Minimum estimated annual national dicexdts
of land degradation range from 2 to 3 % GDP (W@&dhk, 2008; Berry, 2003). The effect of soil lossamnual
cropland productivity decline is 0.02-0.03 % in thighlands (Hurni, 1993). The loss of agricultusue from
2000 to 2010 due to land degradation is 7 billicdDJBerry, 2003).

On the bases of the above review, out of the tatal mass of 112 million ha (CSA, 2010), about 5llion ha
has depleted soil carbon. This figure takes indmoant the extent of current degradation, rehailidins effort
and the low soil input on agricultural land (TaB)e The estimated annual deforestation rate imgicelerated
biomass and soil carbon depletion over 0.2 millianof land in Ethiopia. The various soil loss stsdjTable 2)
reflect an estimated erosion induced soil carbgriatien rate of 0.02 to 0.97 tons/ha/yr. Based &AE 2001
and 2004 data, the annual estimates of soil cabilding practices (sustainable land managementgrcan
area of 2 million ha in Ethiopia (Table 2). Sustdite land management practices, which result imerease in
soil carbon content, are described here as sdibeabuilding practices. Some of the efforts in k@liation and
conservation effort since the mid-1970s in thearatiave been summarized in Annex 1.

4. Effortsin SOC sequestration in Ethiopia

Realizing the visible problem of land degradatiod ¢he degradation-induced depletion of the s@jhaic pool,
efforts to avert the problem started already in #8¥0s. Examining government policy, partnership and
existence of fora reflect the efforts in overcomgwgl carbon depletiorReview of existing national policies and
programs (action plans) shows that the problemodfdegradation as part of environmental problenfully
recognized, and soil-related problems are addressed top priority for intervention. Ethiopia haseh
implementing a 10-year Plan for Accelerated Suatada Development to End Poverty (PASDEP) until 2010
(MoFED, 2006) which was followed by the GTP (Growttd Transformation Plan).

The government of Ethiopia has focused on agricalltintensification to increase agricultural protivity
focusing on technology packages (World Bank, 200€éluding the use of fertilizers and better managenof
land. Based on data from the Central Statisticstrabs (CSA) (CSA, 2010) there is a progressivedri
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fertilizer use; however, at national level, 30 %cafrent cropland is still without fertilizer (Figai1). This partly
explains the World Bank (2006) description of the input agricultural system in Ethiopia. AccorditggCSA
(2010), there is a total 13.2 million ha of cromldnom both private and commercial holdings andipnto two
cropping seasons per year. From the total cropldnahillion ha are smallholder cropland that laclgamic
inputs, while a further 4 million ha of croplandshmadequate inputs (low application rate). Thara ihigh
removal of organic carbon as biomass for varioup@ses from all cropland. Thus, the estimated afea
cropland (in two seasons) with soil carbon depietgoabout 8 million ha. This gap shows the existeof high
potential for soil carbon sequestration with the aésustainable land management (SLM) at nati@val.

There are well formulated national polices, streggprograms (action plans) and enacted proclamatiaws),
which contribute to soil carbon sequestration. Thastitution of the Federal Democratic RepublicEtiopia
recognizes right to a clean and healthy environmEristing environmental agreements also encoueage
contribute to soil carbon sequestration. The melstvant national policy and strategy, which dirgettidresses
soil degradation, includes an environmental polecgonservation strategy for Ethiopia, and a natidertilizer
policy. These policies adopt a holistic view ofurat, human-made and cultural resources to be tassaddress
environmental problems (EPAE, 2004; SIDA, 2003; NMS001; EPAE, 1989). The proclamation on the
establishment of government agencies (e.g., th&@&mmental Protection Authority, EPA) shows théfiedtion

of these polices (NMSA, 2001). There are variousgmms and action plans launched (e.g., sustairaibte
management program) in response to the conceraibdegradation in Ethiopia (MoFED, 2006).

In natural resource development, two major milessomvhich took the attention of government andrivgtgonal
development agencies, are the 1974 Land Reformldmnation and the 1972/73 drought. These milestones
initiated the rehabilitation of degraded lands, amtliced massive soil and water conservation effast of the
mid-1970s. A review on conservation activities ithiepia shows that these efforts had been veryilmzhand
insignificant before the mid-seventies (Osman aadegborn, 2001).

To avert land degradation and address agricultdezkelopment, the government of Ethiopia has alkxtat
budget progressively. For instance, from 1990-2Qflt, of the total annual budget of 4.4 billon ETRLQ
million USD), 15 million USD (136.50 million ETB) as used for activities related to agriculture aatural
resources conservation (EPAE, 2004).

Government rehabilitation activities in the natimeluded various physical conservation measuresdlsey
raising and plantation (EPAE, 2004). Based on ftata EPAE (2001) and EPAE (2004), the annual es8rmoé
the national land rehabilitation efforts covers flian ha of land. According to Hurrét al (2007), 16.4 % of the
total land in Ethiopia is protected as nature ne=em@nd national parks. Bastsal(2000) identify and describe
protected areas as carbon conserving projectsilsotitig to carbon sequestration.

There are various associations, partnership and fmtablished to contribute indirectly to soil @arb
sequestration because of favorable policy in Efhiofhe partnership and fora are between Government
Organizations (GO) and Non-Governmental OrganinatiNGO), Community-Based Organizations (CBO) on
various environmental issuebBifferent fora like theSustainable Land Use Forum (SLUF), the Forum for
Environment (FfE), the Environmental Economics &plForum and scholarly societies engaged in natural
resources protection and Sustainable Land Managert®idM) contributing to efforts of soil carbon
sequestration. Partnerships exist on land rehatidit, organic farming, desertification, reforeistat and
adaptation to climate change. For example, theigtsea partnership of 76 NGOs with GO on desedtion
(EPAE, 2004), and there are various associatiomgribating to soil carbon sequestration. The Ettdap
Association of Organic Agriculture (EAOA) plays arsficant role as umbrella organization for thegamic
movement in Ethiopia (Alemayehu, 2009). Other ratéworganizations are the Sustainable Natural Ressu
Management Association (SUNARMA), the Ecotourismsdaation of Ethiopia, the Green Development
Society of Ethiopia, the Ethio-Wetlands and the uxat Resource Association (EWRNA), the Selam
Environmental Development Association (SEDA), thehi&pian Environmental NGO (EENGO), the
Environmental Protection and Assistance Organina{ienPrAO) (DDO,2006). In spite of the existence of
various associations, partnerships and fora im#tion, the networking and coordination is weak.

To examine the extent of investment of GO, NGOS|, @8Os, 79 programs/projects that are believedaieh
contributed to soil carbon sequestration were we@ (Annex 1). Over 40 webpage sites were browsed t
understand projects implemented since the 197Bshiopia. An estimate on national investments iihcarbon
sequestration based on environment and consenwfiort amounts to 150 million USD/year (based oojgct
budgets in Annex 1). Five major donors account/r% of the investments in agricultural capacitylding,
rehabilitation and management of natural resourecea. decreasing ranking of donors, the USAID ifofeed

by NEPAD, the World Bank Group, various UN prograamsl funds (WFP, UNDP, UNEP and UNCCF), and
GlZ. Nationwide implementation of conservation pags and development in natural resource invohar ov
100 organizations. The review shows that only 4%hefprojects contribute to a carbon-off set thgweas with
the Basset al. (2000) definition. The projects are: the national-tarbon fund project in Sodo and Humbo
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communities implemented by World Vision Ethiopia dil Bank, 2006), the Save the children UK/USA
Carbon Finance in Ethiopian Rangelands (Nigtsal 2010), the UNFCCC Rift Valley acacias carbon @cboj
(EPAE, 2004). There are recent efforts by FARM édrfocusing on biomass carbon sequestration. Mdsiteo
reviewed projects focused on reforestation, clintdi@nge and conservation that indirectly contritiatearbon
sequestration.

The three conclusions from the review of developmemjects are, first, that programs and projects a
scattered, often running with multiple objectivesd overshadowing the direct role on carbon secatisty.
Second, except for projects and programs with arisvo phases, 86 % of the projects’ lifetime isslélsan 5
years (FAO, 2001,b). However, soil conservatioryqays after a period of about 30 years, i.e wayohd the
planning perspective of farmers and the administna(SCRP, 2000). This implies that natural reseurc
development projects with a short period often camead to a realized benefit for the communityisTimight
be a factor, which has reduced the success of oa@igm efforts in Ethiopia. It is worth to see ftingportance of
the project period as carbon sequestration demandeast five years. Third, the existence of défer
coordinators for various fora and partnerships jg@blem. For example, there are various nationstitutes
involved in the generation, storage and dissenunatif data on natural resources and environmenfAE:P
2004). These efforts need networking and coordingdi the national level.

5. Soil education in Ethiopia

There has not been any systematic review condustesbil science education in Ethiopia, both initifermal
and the formal sectors from first cycle to tertibgyel. This section thus reviews environmentaloadion as the
field of study nearest to soil science and soiboig carbon. The Ministry of Education (MoE) hasdm&fforts

to introduce Environmental Education (EE) in schaafricula at various levels. Science, environmiesta&nce,
geography, and biology modules at all levels addtepics related to climate, land resources anl$.sohe
importance of creating public awareness on enviemtal problems is well recognized in school cuttios.
Environmental Education (EE) was introduced to tbweer primary education in the mid-1980s, but the
curriculum has been too theoretical. In Ethiopid%2of adult education completed primary educatigairt,
2004), which reflects the low level of awarenessoihdegradation, including soil carbon depletion.

The new structure of Ethiopia’s education systers pamary, secondary and tertiary education. Then&b
education system has serious challenges to adémssonmental education because it oversimplifies t
anthropogenic causes of environmental problem (Bedad Bangay, 2002).

There is successful progress in human resourceslafaent associated with Agricultural Technical and
Vocational Education and Training (ATVET), Collegaad Farmers Training Centers (FTC) according to
NEPAD/CAADP (2005). There are various programs ilegushow to specialization in soil sciences (e.d and
water conservation, soil analysis )in ATVET (MoB1®). The progress at ATVET includes the develogrmén
curriculums on natural resources especially incadfire and related faculties. The NEPAD and MoAnpl
addressed the establishing of agronomy, soil laboraand green house units in the regions and awiade
institutes.

There is an increase in the share of the publicaihn budget from the total government expendi{iMeFED,
2006). Public investment in education spending.t % of the GDP (Saint, 2004; CREST and IRD, 2007),
which is higher than the 3.9% registered for Suba®an Africa. With its current expansion, the budgere of
higher education has increased to 23% (Saint, 2004)

At tertiary level, the history of agricultural education in Bifia coincides with the establishment of the Ambo
and Jima Junior Colleges of Agriculture in 1974 #mel Imperial College of Agriculture and Mechaniéats in
1953, now Haromaya University. Afterwards, Awassal€ge of Agriculture was established in 1977, Weond
Genet College of Forestry in 1978, the Faculty efévinary Medicine in 1979 and Mekelle Universitgli€ge

in 1994 (WANA NARS Study, 1999). The establishmeoitthese academic institutes have contributedéo t
development of work force in soil science.

According to data of CSA (2010), in 2009 the numbiegraduates in both private and government ceeand
universities has grown exponentially to 135,800 ¥28emales). However, the disciplinary distributsimws a
higher enrolment share in social sciences at tiperese of agriculture and natural sciences. Sab@4p had
pointed out this imbalance in disciplinary disttilon. Institutes of agricultural higher educatiochHE) were
also conducting education in soils, soil conseorgtforestry and related fields, which will addréiss issue of
soil carbon sequestration.

According to the directory of World University (rigtved in June 2010) and MoE (2010), there arevasie
research and academic programs in soil scienceSat BISc, PhD levels. A soil specific program exiats
Adama University (soil conservation and irrigatiopHaromaya and Jijiga University (soil and wategiapering
and management), Hawassa University (soil resoarzk water management, post-graduate in soil sgience
agroforestry and soil management), Wollega Uniterésoil resources and watershed management). Wollo
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University (soil and water), and a postgraduateg@m in agronomy at Bahir Dar and Mekelle Univégsit
General programs related to soils as part of lanehse exist at Mekelle, Jijiga, BahirDar and D#lad Addis
Ababa Universities. Until recently, the focus ofvate colleges has not addressed soil science efwepew
efforts to provide education in the field of nalumsources and rural development. With the curespiansion
of 21 public universities, the graduate schoolssail and related sciences will address the worlceor
development needed to undertake research and gevett focused on soil carbon sequestration.

6. Soil research and findingson Organic Carbon

Soil science research in Ethiopia coincides with éstablishment of the Agricultural Technical Sdhaad
Colleges in the 1950s and 1960s (AHI, 1997). Tleeption of the Institute of Agricultural Resear¢AR) in
1996 also marks the beginning of natural resouressarch in Ethiopia (WANA NARS Study, 1999). Altigh
agricultural research in Ethiopia started more tiigynyears ago, little attention was given toeasch in organic
matter, or more specifically, in carbon sequesirati

Research on soil organic carbon (matter) is pareséarch on soil chemical, biological and physicaperty in
Ethiopia (AHI, 1997). A soil analytical service available in five Ethiopian Institutes of Agricutal Research
(EIAR) centers, including the national EthiopianiSaaboratory (EST, 2005). The national soil ladtory was
established in 1989 (WANA NARS Study, 1999). Analgt services are now provided by Haromaya, Jimma,
Ambo, Mekelle, Hawassa Universities and by 17 negiasoil laboratories under the bureaus of agucalor
regional research centers. These infrastructunesibated a lot to soil research in Ethiopia.

In 1998, the Ethiopian Agricultural Research systegricultural university, college and researchiinte) had
728 scientific and technical staff (114 PhD, 365dVJ249 BSc holders) (WANA NARS Study, 1999). Ir020
EIAR and research organizations with agriculturetess had 1811 staff (141 PhD, 443 MSc/MvSc, 615
BSc/BA/DVM and 612 technicians (EST, 2005). Thileres staff working at Agricultural Universitieadh
Colleges. At the Ethiopian agricultural researchtitotes, only 9 % of the researchers worked ormuraht
resources (WANA NARS Study, 1999; Beintema and ®olo, 2003).

There is a lack of data at the level of expend#ureresearch and development in Ethiopia (CREST IRD,
2007). The government annually allocates up to%.5f Agriculture Gross Domestic Product (A.G.D.Bj f
science and technology activities in the countrREST and IRD, 2007; WANA NARS Study, 1999). Sinke t
early 1990s, total investments and number of rebeas in agricultural research and development lddub
(Beintema and Solomon, 2003). In the Ethiopian &gture Research Institute (EARI), the lion shaféunds
allocated went to crop-related research (WANA NARtidy, 1999). The EARI and Regional Agricultural
Research Centers have a directorate dedicatedstmnah in soil and water addressing conservatiamg |
degradation and soil-related problems.

Crop cultivation in Ethiopia has a long historyatfleast 5000 years (Edwards,al, 2007) and traditional soil
organic matter management is an age-old practiosveier, promotion of organic agriculture is vergent
(Alemayehu, 2009) as reveled by the first basedimerey on organic agriculture and CSA data. Therexof
organic fertilizer use in Ethiopia is reflected@SA data showing that 35% of cropland has orgéeniilizer
(CSA, 2010). Ethiopia ranks 30n the world and has 137,822 ha certified orgdamc (Alemayehu, 2009). Past
research has not focused on drawing lessons frdigenous soil conservation (Osman and Sauerboi)20
The first survey on indigenous soil and water wasied out in Ethiopia in 1983 (SCRP, 2000). Thare case
studies on indigenous practices and managemengahiz matter in Ethiopia (Haileselaeeal , 2006; Amede
et al, 2001; GebreMichael and Kifle, 2009; EPAE, 2004).

Past efforts to map soil carbon in Ethiopia at nladonal level includes the above and below grobiasnass
carbon map by Nilest.al (2010) and organic carbon map of highland soilsAbY (1997). The importance of
organic matter in agriculture has taken attentidnpast researchers on soil carbon by focusing oml la
degradation and conservation, land use changeivbisity, nutrient recycling, integration of cropédstock and
other elements of the ecosystem ( Table 3). Pastireh in Ethiopia focused on soil organic mattecasbon
from a plant nutrition point of view, while studies carbon sequestratigqer sestarted only recently, after
2005.

Except for the inventory on carbon sink and emisgfdMSA, 2001) and the soil carbon map (AHI, 198ifes
et.al 2010), past research was conducted at the lecal &and mainly in the highlands. Most of the stgdivere
conducted for academic purposes. The sequestratieail carbon in forest land, enclosures and wlifferent
types of management is well documented (Leretra , 2006; Lemenilet al ,2005; Girmayet al.,2008).

7. Recommendationsfor soil carbon sequestration in Ethiopia

Based on identified key gaps in soil carbon researd development, priorities are indicated togait climate
change in Ethiopia. Most research in soil carbonthe past examined more the degradation than the
rehabilitation or restoration aspects. Moreoveg tkesearch concentrated more on the highlands tiian
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lowlands, focused more at the local than the mésrel. Research priorities should focus on multgdales, in
the lowlands and on long-term basis. Research Isasreot paid attention to the socio-economic (castd
efficiency of sequestration), institutional, culliissues associated with soil carbon sequestraResearch
should focus on use of soil carbon models, dyngndin®rsifying inputs for the carbon pools, makimge of
indigenous knowledge and promoting sequestratiantjpes. Research focused on drawing lessons loasttk
past 35 years’ of development experience and dlitivaal soil organic management, which is missidgnajor
knowledge gap noted in research is the lack of tomal database on soils. Immediate and most iraport
research needs should focus on how to guide camtemtit programs or pave a way for soil carbon maféay.,
payment rates with sequestration amount, assessofenfrbon gains and various payment schemes in
sustainable land management).

The review of Environment Education (EE) shows tigre is a low awareness level among the community
members to address land degradation and climategehproblems. Looking at the urgency of the problem
environmental education (both formal and informsitjould thus foster awareness on the depletion ibf so
resources and in particular on its economic, sauidl ecological consequences. Except for recedugta and
post-graduate programs in forestry, natural ressjrenvironment and soils, the enrolment in agucelat
tertiary level was too small to address existingbfgms in the past. Immediatecommendation in EE to
increase public awareness agbess current curriculums at all levels in botghghblic and private sectors. It is
also worth focusing on the anthropogenic causesngironment problems, provide practical oriented Bid
provide lessons on importance of soil organic carbo

Examining 79 development programs/projects in FtlaigAnnex 1), shows that 96% of the projects oturah
resources do not focus on carbon sequestratiomoidth the current funding is limited to biomassboar
sequestration (Nilest.al, 2010), special efforts are needed to promotecsoblon sequestration and design long-
term land rehabilitation projects focusing on carlsequestration. Only 4% of the reviewed projectd hn
adequate project lifetime to allow observing chanigesoil carbon sequestration. The priority fo@ushus to
design long-term projects and promote soil carlinaricing or ecosystem service payments (ESP) tefiben
smallholder farmers. The high potential for soilzn sequestration calls for a large-scale andrsiiied use of
fertilizer (organic and inorganic) on cropland aomith a number of potential mitigation measures¢guester
soil carbon on different types of land uses. Thisterce of partnerships, fora on various envirortaldssues in
the nation is an opportunity, yet a national lewelordinator and developing guideline on soil carbon
sequestration are also needed.

8. Conclusions

The past degradation of soils in Ethiopia impliekistoric loss of SOC pool. The national inventofyGHG
emission shows a decrease in sink capacity of ghiewture, forestry and land use change sectots.ddthe
total land mass of 112 million ha, 50 million halahd has depleted soil carbon. Studies imply tiaterosion-
induced soil-carbon depletion rate is 0.02 to G@hes/halyr. Based on existing estimates of tHierestation
rate, the accelerated forest land biomass andcadion depletion rate occurs on 200,000 ha/yr. BaseCSA
data (Figure 1) and the 13.2 million crop land withsoil fertilizers (in two cropping seasons), #ezelerated
rate of soil carbon depletion occurs on 8 millioa tyr. Current national estimates of soil-carborilding
practices cover 2 million ha of land/yr. The oveedfort in natural resources management associatddsoil-
carbon building activities has been summarizednnex 1.

Although the soils of Ethiopia have a great vatigbin soil organic carbon content, soils in thighiand have
better organic carbon compared with the lowlanasgpt for degraded areas due to anthropogenic saése
preliminary estimate of national soil organic pébable 1) shows that Ethiopia has 14 billion toh§OC.

The review of national strategy, policy and enagtestlamations reflects that the government progrtake into
account soil degradation as a problem and congilpgsitively to soil carbon sequestration. The ousi
associations, multiple partnerships and fora offedifit environmental issues also reflect the emgsteof a
favorable environment. The existence of the hugerg@l to increase the SOC pool in Ethiopia liestao
reasons. First, there is 50 million ha of degralded with depleted soil carbon. Even without loakat the low
fertilizer application rates, 30 % of the currembpland is without fertilizer. Second, there areeo\100
organizations investing in environment rehabildatand conservation focusing on soil, with an estéd budget
of 150 million USD/year (Annex 1). The review of pBograms/projects shows that five major donorsactfor
75 % of the investments, but only 4% of the prgdotus on soil carbon sequestration. Among othiegs, the
success of the past conservation and developmfamtsefvas reduced because projects were scattenedyith
multiple objectives that overshadowed the probléisod carbon sequestration. Development projemtsised on
natural resources with less than 5-year life spam meither ensure sustained benefits for the cortynuor
provide adequate time to see changes in soil carbon

The Environment education (EE) review shows thdilipiawareness among the adult population is lowe EE
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curriculum is too theoretical and gives less emjshas anthropogenic causes of land degradatiorh @itrent
expansion of higher education, relevant researciilemic programs and courses focusing on soil cagbe
emerging at both the graduate and undergraduagésidyntil 2010, the expansion of higher educati@s at the
expense of natural sciences and agriculture. Agthotecent human resource development in agricliltura
extension through Agricultural Technical and Voea#l Education and Training (ATVET) colleges had
positive effect, the current work force at tertidgyel in soil science is still inadequate.

Although agricultural research in Ethiopia startedre than forty years ago, little attention wasigai research
on organic carbon. In spite of the long historyraditional uses of soil organic inputs, attentwas not given to
the promotion of these diversified and extensivesus soil organic inputs. This review shows inadeg work
force and budget allocated for research on sogieineral and organic carbon in particular. Studiesi§ing on
soil carbon sequestration have started since 2PaSst research on soil carbon has shown three majots.
First, land degradation reflects the historic lo6$SOC pool, which contributed to the reduced siagacity of
agriculture, land use change and forestry sectesond, the depletion of soil organic carbon tlemed the
sustainability of the smallholder farming systenhird, there is huge potential for soil carbon setpadion in
Ethiopia with the adoption of sustainable land nggamaent practices. The study recommends promotidruse

of soil carbon building practices by ministry ofrglture and partners at all level. For bettegmafhent and
harmonization between existing partners, associgtmd fora, there is a need to establish a sdiboanetwork
(with a national coordinator) and a meta-data loassoils.
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Tablesand figures

before joining Ethiopian Agricultural Transfioation

Table -1- Preliminary Estimate of Soil Organic Garltpool in Ethiopia

Saoll 112 mill ha*| Soil Organic Carbon (SOC) +Density | SOC distribution for depth (O-
Units** land Density Pool (Mg/m®) 100cm)++ (kg/rf)

area (%] (tons/ha)+++ (Billion

cover**) tons)
Nitosols 14.40 143 2.05 1.43 8.4
Cambisols 12.00 136 1.63 1.36 9.6
Vertisols 11.90 150 1.78 1.50 11.1
Luvisols 6.00 154 0.92 1.54 6.5
Fluvisols 6.20 140 0.86 1.40 9.3
Xerosols 5.40 149 0.80 1.49 4.8
Solonchaks 0.22 148 0.03 1.48 4.2
Acrisols 1.80 141 0.25 141 9.4
Others 42.08 140 5.89 1.40 13.1

**Hurni et al (2007)
& Mesfin (1998)

* Source CSA (2010)

+ (See also +++)

+mean Halsity for profile AHI (1997)

++ mean distribution along profile (0-100 cm)bi® cm for shallow soils (supplementary fact) +meeofile

depth, organic carbon

was based on AHI (1997), data from UNDP/FAO (1984J Batjes (1996)

Table - 2 — Land degradation, rehabilitation andboa in

Ethiopia

DEGRADATION & REHABILTATION

| CARBON DEPLETION*

Retained 2.7 % of original forest land(World Bamimply loss of 50% biomass carbon from original 3

2006) 2.2 % in 2002 (Berry, 2003)

0_
40% of land mass

Estimated forest loss from 150,000 to 200,000 h
(Hawando, 1997). Recent deforestation rate is Z@0
ha/yr (SIDA,2003). In the 1980s, the deforestatiate
was estimated at 163,600 ha/yr. (EPAE ,1989).

afynply 200,000 hal/yr national biomass and soil

Qcarbon depletion on forest land.

Maximum soil loss on cultivated land of 400 tongyha
(EPAE, 1989)

Imply maximum loss of 0.97 tons of soil C/ha/yr |in

most extreme situations.

Soil erosion rates on cultivated land range from
average 16/tons/ha/yr. to a maximum of 300 torg/h
(Hurni 1988)

amply estimated loss of 0.04 — 0.74 tons of C/ha.yf
a

=

Soil erosion rate of 10 tons/ha to 200 tons/hd§iDA,
2003)

Imply depletion of 0.02 to 0.4 tons of C/halyr.

27 million ha is highly degraded, 14 million ha
degraded, and 2 million ha is lost in the highla(fsO,
1984)

ismply estimated depletion of soil carbon 43 milli
ha of land in Ethiopia

Negative nutrient balance at national level, Ids300
kg/ha N and 15-20 kg/ha of P (Haileslasstie@l 2005;
Berry 2003)

Imply loss of soluble organic forms of nutrientdan
carbon removal.

Average arable land soil loss 42 tons/halyr (in
highlands). Average annual crop land productiors lies
1-2% (Hurni , 1993)

theaply estimated SOC depletion of 0.08
C/halyr (for crop lands).

tons | of

In 2003, 16.4 % of the total land area of Ethiojsg
protected (Hurnet al, 2007)

Imply 19 million ha of land has carbon conservatjon

(with reduced anthropogenic effect).

* based on Jones (2007) conversion factors. Sgdmic carbon = 0.58 % * OM. For a mineral soil &erage of

3% OM, soil density of 1.4g/chis taken for the first 15

197

cm depth of top soil .



Journal of Environment and Earth Science www.iiste.org
ISSN 2224-3216 (Paper) ISSN 2225-0948 (Online) iy
Vol. 3, No.12, 2013 IISTE
Table -3- Summary on carbon sequestration reséai€thiopia
Research focus Research focus Study site, soil types | &ethods Source
depth
SOC dynamics South Central Isotope method| Lemenih et al
SOC depletion, input |, Ethiopia(Highland) chronosequece (2005)
translocation and Mollic Andosols, Surface sampling, land use
steady state soil ( 0-20 cm) change
SOC SOC  accumulation South Western EthiopiaSoil C analysis| Lemma et al
sequestration | and loss rates (Highland), Humic Nitisols, Isotope method} (2006)

associated with lan
use change and tre
species

i Surface and sub-surface s
€(0-50 cm)

piland use change
model

SOC factors &

SOC amount ang

] Bale Highlands (South Ea

stLand use change ,

Chibsa and Ta

distribution change with different Ethiopia), Cambisol & Soil C analysis (2009)
land use and majar Vertisol , Surface and sub-
factors affecting it surface soil

(0-60cm)

SOC and LUC| Change in SOC withvarious location & soil| Review Girmay et al
land use types angorders, Top soil and sub sgilChange in land use (2008).
potential for SOC (0-60 cm), Land use changeand SOC change | Fantaw, et al
sequestration (2006)

SOC Nutrient balance on National estimate , Partial and full| Haileslassie et

replenishment | farm land with| Regional difference in land nutrient balanceg al (2005)
regional difference in management from intensive(input and output)
land management to less intensive

Soil OM loss Annual loss of Estimate of soil organi¢ organic matter los$ Hawando
Organic matter (OM), carbon depletion for top sojlestimate associated(1997)
depletion ratg at national level with degradation
associated with lang
use.

Change of vegetation Southern Ethiopia Isotope method, Freieret al
type , management gnNitisols Model, mean| ( 2009)

SOC dynamicg carbon storage and Surface and sub-surfa¢ceesidence times

composition (20-30) (MRTs) of SOC

compounds
Depletion and changeSub humid highland Soil analysis , land Solomon et al
in chemical| Ecosystem use change (2002)
composition of SOQC Surface soil

with different species

Role of OM

Impact of compost i
doubling crop yield

n Northern Ethiopia
Comparison of organic an

Yield measurement
dSoil analysis
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Figure-1- Small holder crop land with fertilizer in Ethiopia

(CSA data, main "meher"season)
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Annex -1- Programs /projects related with carbagusstration in Ethiopia

Name Description | Source

GEF/SGP Operates at national scale since 1994 &Glevironment Facility) includes smal http://www.undp.org/sgp
grant programs (SGP) (69.2 million USD for GEF aadL.2 million USD/year forl http://aida.developmentgatewy.q
SGP) g/

MERIT/LLPPA Managing Environmental Resources to Hdowe Food Security (MERIT) http://www.acdi-
operational since 1991 at national scale, implestebly World Food Programme, cida.gc.ca/CIDAWEB/cpo.nsf/
WEFP. Operational for over 30 years. (ca 71.05 ionlUSD for 7 years)

FAP /Land Forestry and agriculture program funded by SIDAftestry Education and lang SIDA (2003)

Tenure project rehabilitation since 1992 to 2000(ca 33.4 millld8D)

AHI/ AHRM Operated in east Africa in three phase form 20038 funded by IDRC www.crdi.ca/uploads/user-
(ca 0.5 million USD for Ethiopian component foy&ars) S/12039948171Ethiopia_eng_

b.pdf
SLM GTZ (GlZ)funded Sustainable Land Management (SLkbjgrt at national scale http://www.gtz.org/projects/projg

/Reforestation
project

from 2005 to 2015. Reforestation was for 1987. Frb®®6 to 2001 watershed ct descriptions/ Sustainable Lar

project operated (ca 93.0 million USD)

Management
http://www.odi.org.uk/projects/9
8-99-tropical-forestry/projects/

SOS SAHEL FM

Forest Management (FM) projects funded by EU /DFtiin 1997 to 2006 from
200 to 2005 in Southern Ethiopia and Oromiya (bayehrough SOS SAHEL ( c
4.8 million USD)

http://www.odi.org.uk/projects/9
a 8-99-tropical-forestry/
EPAE(2004)

=

o

CFWCP Community Forest and wildlife Conservatianjéct funded by EU from 1993 tp http://www.odi.org.uk/projects/9
2000 implemented by Farm Africa in South and Oranfgegion. ( ca 2 millior] 8-99-tropical-forestry/
USD)

SCRP SDC funded Soil Conservation Research Pro¢B@RP) at national scale fromSCRP (2000)
1981 to 2000

PFMP JICA funded Participatory Forest Managemeajet (PFMP) from 2003 to 201D www.jica.go.jp/ethiopia/english

in oromiya region ( ca 3.62 million USD)

K and D Devt

Koisha (K)and Dalocha (D) programs funded by DFtBni 1990 to 1995 (ca O.

V http://www.odi.org.uk/projects

Program million USD) /98-99 tropical forestry

World Bank The Agriculture, Forestry and Environment sect@sous projects from 1974 tp http://web.worldbank.org/extern
2013 focus on development, research , carbonliZertiand natural resourcg l/default/main?
management. (200.3 million USD) WORLD BANK (2006)

NCSA National Capacity Self- Assessment for Glokavt Management to addressgridnairobi.unep.org/chm/roa/pr
priority environmental issues funded by UNEP andFGB.153 million USD)| ject_profiles/EthiopiaUNEPProjg
from 2009 to 2011. cts.pdf

SDP A sustainable development Project (SDP) funtbgd UNCDF to address SIDA (2003)
environmental problems in Amhara Region. (8.49lioni USD) (Operation year
NA)

Environment Implemented through EPAE funded by the NetherlaGdst from 1999-2002( SIDA (2003)

Support Project | 10.0 million USD)

FC Forest Conservation (FC) in High Priority Ardagplemented through MoARD SIDA (2003)
funded by WWF( 1.74 million USD) (Operation yeadA)

Environmental Implemented through EPAE from 1999220y Finland Government (1.7 million  SIDA (2003)
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Name Description Source

protection USD)

ETHIOCAT National Data base on Ethiocat supportgtorld Bank and SDC http://www.wocat.net/en/network
/activities/initiatives/initiative-
detail/article/ethiocat.htmI?

Developing Assistance to National Meteorological Agency ofigia (NMAE) http://www.rockefellerfoundation

Climate Changg for climate change initiative since 2009 fundedRuyckefeller foundation includes .org/who-we-are/our-

Resilience OXFAM (HARITA) project ( 6 million USD) focus/climate-environment
http://www.oxfamamerica.org/

Envt Protection| UNCCD Program to combat desertification, suppoiSh pastoral , Tigray and

program South area funded by Norway Govt. through EPAE f&f89 to 2013( 2.0 million| http://www.norad.no/en/Tools+a

UsD) nd+publications/Publications/

NEPAD/CAADP | Human resource development for extension in nimgonal states to upgrades(NEPAD/CAADP, 2005)

agricultural colleges and Farmers Training Cen(EfCs) form 2001 to 2005.
248.7 million USD)

Greening Natural resource development implemented by ORDAf1998 to 2004 EPAE(2004)

Project (/5 million USD)

Community Govt and FAO funded project on integrated waterstheeelopment approach {oEPAE (2004)

based SWC soil and water conservation (SWC) in 3 regionatest from 2004 to 2005( 0.67

project million USD)

UNFCCC Framework convention on climate change (FCCC) Tddboapacity , forest UNFCCC-NAP DATA BASE

PROJECT carbon trade, nursery establishment and SLM inogthi from 2008 to present |( http://unfccc.int/cooperation_

8.0 million USD)

UNDP/NAP /| UNDP funded National Action Plan (NAP) for climatehange and land EPAE(2004)

(CCF-2) degradation in 69 drought prone districts 2003-2Q@65 million USD) http://www.undp.org/drylands/dg
cs/what-we-do/IDDP-
ANNEXE.doc.

Desertification National Assistance to national capacity buildiog land degradation assessmenEPAE (2004)

control -Ethiopia

and desertification control project from 2003-200&ded by FAO (0.4 million
UsD)

USAID program

USAID Ethiopia mission program in economic grow#griculture and Tradg
(ATTMID, CAEFS and DAP programs) from 2004 to 204073.3 million USD)

http://www.usaid.gov/locations/g
ub-

saharan_africa/countries/ethiopi
/
LCEP Legahare Catchments Environmental Protec{lddEP) funded by Ethiopian EPAE(2004)
Government from 2004-2005(0.33 million USD)
Environmental Environmental Protection Rehabilitation Project Htarari Regions funded by EPAE(2004)
Project Government and ESRDF from 2001-2004 (0.5 milliorDYS
Wondogenet Wondogenet Anasei forestry development project (RRF3 million USD) EPAE(2004)
project
Amhara-FDP Ambhara mountain chain forestry develagrpeoject (FDP) (0.02 million USD) EPAE(2004)
SE- Project Selam Environmental (SE)- local NG@a#itulu project from 2000 to 2005(0.57EPAE(2004)
million USD)
EEMCY project EEMCY (Ethiopian Evangelical Mekalfesus Church) Manasibu project fromEPAE(2004)
2003 to 2006(0.42 million USD)
Merko Project Today and tomorrow NGO (local ) MeN/atershed development from 2001 |t&EPAE(2004)
2004(0.39 million USD)
JCCDO project Jerusalem children and communityeld@ment organization (JCCDO) AddjsEPAE(2004)

Alem community based environmental conservation @exelopment from 2002

to 2004(0.54 million USD)

EENGO projects

Ethiopian Environmental NGO (EENGO)Tokke , Konno and Sellal
Development and conservation projects funded byACIBACT and others from)
2001 to 2004 ( 0.28 million USD)

L EPAE(2004)

[

PGE NGO Rift valley Integrated Natural resourcessepvation and management for 2 year& PAE(2004)
by Pine for green Ethiopia (PGE) (0.067 million USD

NCA,REST Environmental rehabilitation and Messanu projegt Norwegian Church Aid EPAE(2004)

project (NCA)/ Relief society of Tigray (REST) from 20002004(0.66 million USD)

Interchurch Advocating for the Ethiopian Environment fundedHbsinrich Boll foundation and EPAE(2004)

development Belgian Embassy from 2001 to 2004 (0.14 million YSD

project

Hope for Horn| NOVIB Holistic Natural Resource Management fundgdN©DVIB from 2003 to| EPAE(2004)

Project 2005. (0.48 million USD)

ISD project Sustainable development and ecolodécal management with farmers in TigrayEPAE(2004)
by Institute of sustainable development (ISD, lod&0O) funded by Third world
Network in 2003(0.02 million USD)

Save USA/UK Carbon Finance in Ethiopian Rangelan@904-by Save the Children USA/UK www.elmt-

relpa.org/.../Final%20TFG%20R

eport%20_SCUS_Jul09.pdf
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