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ABSTRACT

In Ethiopia, soil erosion during the rainy season constitutes a sever ttor¢he national economy.
The study site, head of the Abay basin is among the heavily affected dmehssva peril for the crop
water productivity. Most studies conducted in the country are focused onfopadioin of sediment
and lack of specific information about temporal and spatial variability ofnsexli and its associated
plant nutrients loss. This study was, therefore undertaken to quantify arattdrare sediment and
runoff water along with calculating the onsite economic cost of erosiomnis tef its associated loss
of plant nutrients. To estimate plant nutrient and sediment concentration, shggnated runoff
samplings were made at three monitoring stations in which two fromatabneents and one at the
outlet of the watershed. The ten consecutive day samples were butkechde basis for each station
and then both physical and chemical parameters of the sediment and runo#sarmap analyzed at
Ambo University. The cost of erosion in the watershed was calculased lo& Productivity change
approach focusing on available plant nutrients of N and P losses. The averagaedadsgediment
concentration during the rainy season was 3.0k 2.241.3 and 1.4+0.9 g ! in which the area-
specific sediment yield was ranges from 74 £ka#8 t knif and 604 t kifat Melka, Galesssa and
Kollu monitoring stations respectively. The result revealed that betiment and nutrient
concentrations were highly variable both in space and time; in which loaecentration occurred
towards the end of the rainy season than at the beginning in each station. Badesl camplex
interaction of multiple natural and anthropogenic factors; the Ridge of MejyarRivas the most
critical source areas for the loss of sediment and associated plant nutrients in theneghigdusing the
rainy period. The correlation matrix between erosion process paranretegaled that both sediment
texture and discharge had strongly significant correlated with sedimentatnént losses. Nutrients
loss associated with the sediment and runoff water was a challendre fpraductivity and survival of
Meja watershed as depicted by an estimated cost on farg@s'$10and2475birr/ha from the sub
catchments of Melka, Kollu and Galessa stations respectively dueltsshaf major crop nutrients of

Nitrogen (N) and Phosphorus (P) only in one rainy season.

Key words:Blue Nile basin, catchment, Critical areas, Erosiuatrient loss, Runoff, Suspended sediment, whaeets
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1. INTRODUCTION
1.1Background

Accelerated soil erosion, mainly caused by water, is a widad problem affecting environmental
quality, agricultural productivity and food security of the worldI(I2001). Although many countries
of the world suffer from the problem of loss in soil fertilitpddor nutrient losses together with
sediment and runoff, decline in productivity and environmental degoadate more significant in

developing countries. This is because of their limited capacity to replacettseil@nd plant nutrients

(Woldeamlak, 2009).

In Ethiopia, soil erosion by water during rainy season is esfiinas 42 Mg hayr?, or 4mm of soil
depth per annum with equivalent economic cost of 619.2 million birr by #rel@9H0 (Hurni, 1993)
which constitutes a sever threat to the national economy. Thepkthihighlands, which are the center
of major agricultural and economic activities, have been tharviut soil erosion for centuries. These
lead to the decline of the civilizations of Lalibela in thé& ddntury; that of Gondar in the L.@entury
and of Shewin the subsequent periofidurni, 1993). Studies indicate that about half of the highland's
land area (nearly 27 Million hectares) is significantly erod@ @ver one-fourth (14 Million hectares)
are seriously eroded. Based on the findings of (Fitetnal, 1999, Bezuayehet al 2002 and
EHRS,1986) it was estimated that the highlands of Ethiopia lost abhedif 4g of nitrogen/ha from
agricultural lands through erosion in runoff and in the eroded sedimenexthssive dependence of
the Ethiopian rural population on natural resources, particularly fandheir livelihood is the
underlying cause for land and other natural resources degradatian(8¥8). Abay River contributes
up to 62% of the Nile flow measured at Aswan, and a similar propasfisediment in the Nile. For
example more than half of the Blue Nile soil is eroded froraraa of around 16% of the whole Abay
basin (ranging from 15-30 t/ha sediment yield) and the total soiedrddm the Blue Nile is 91.24
Million tons which is due to poor water and land management (Saleahi2009, Fikadwet al, 2009
and IWMlI, 2009).

Referring to this massive loss of the soil resource and plamemistfrom the highlands of the country
and its transport to the neighboring downstream countries, espee@fiyt and the Sudan, some
researchers use a cynical metaphdre ‘country’s largest export (Markos, 1997). According to
Bezuayehuwet al, (2002), the major physical agent in environmental degradation ini@m@gion is
soil erosion which has contributed to the low yield of crops and livestbdke region, and the
immediate causes are topography, rainfall, lack of vegetatioer csoil properties, and land use and

management practices.



1.2 Statement of the Problem and Significant of the Suly

The study site, head of the Abay River basin is heavily affdnfadater erosion, which threatens the
land-water productivity. Water erosion induced rapid degradation of thgstewms that contributes
significant amount of sediment to the Nile. Rapid deteriorationnd &nd water quality has reduced
the already insufficient food production of the area. Despite thielyhivariable and erratic rainfall
concentrated in one particular rainy seasons (June - Augusaryt a significant sediment load and
plant nutrients during the flood period, resulting increases the cost of productianlds® @f most top
fertile soil and plant nutrients. Though there are abundant literatutbe extent of land degradation
and soil erosion in the highlands of Ethiopia; watershed based quatidii@nd characterization of
runoff, sediment and associated plant nutrients is still scarcauBe most of the studies carried out in
the basin were focused on quantification of soil loss either at rpiaifievel or in basin scale than
investigating the economic effect of nutrient losses assdcwith sediment and runoff at watershed.
Similarly as sediment transport in rivers is associated wittvide range of environmental and
engineering issues, the most highly appreciated efforts onshatemanagement interventions usually
face problems due to lack of specific information about the sedimes)tthe relationship between soill
erosion and nutrient depletion and water quality. However, in reears there has been a shift

towards evaluating the effect of nutrients losses on soil productivity angietdpncome.

Thus information on quantity and characteristics of runoff in termsedfment and plant nutrients
along with economic valuation in this study can therefore decisive fopuieneficiaries, who are
involved in planning, designing, and environmental related activitidddja watershed and similar
catchments in the basin. This is because mostly farmers sensepact of erosion on their livelihood
when it is interpreted to them in terms of any monetary vahieh can be help to them to estimate
productivity gains due to mitigation measures or theodppity cost of not taking measures. Therefore;
to investigate the effects of erosion on the livelihood of the loeaple; such field oriented research
in the basin at representative watershed scale like Magrshed has practical relevance for devising
strategies and polices for a prolong land and water managementhasinein general and the Meja
watershed in particular. Hence; this study is one input witte lieffort and cost, through
guantification and characterization of the suspended sediment yieldirzoffl water quality analysis

in the watershed and then give a preliminary data on the basin.



1.3 Objectives of the Study

General objective

Physico-chemical characterization of sediment and runoff waterg with economic valuation of

erosion in terms of essential plant nutrients loss by runoff in the watershed

Specific objectives
& Quantifying suspended sediment concentration lo$s wihoff from the watershed
& Analyzing the spatial and temporal load—discharge variability of sediment anichptaent loss

& Characterizing of sediment and runoff water sampleselected physical and chemical parameters

& Estimating the economic effect of erosion due to the lossagr plant nutrients in the watershed

1.4 Scope of the Study

The study is limited to the major part of one rainy seasom(the onset of July to offset September),
in which some sediment has been lost before the measurementanad. sAlso only suspended
sediment yield was considered without accounting for the bed loadseddreomic analysis is
oversimplified the system by considering only major plant nusientN and P and by assuming one
crop that grows in a part of the watershed without giving due @ttetat the diversity of the cropping
systems. However, this is believed to give the indication of both the physical soiaterdags and the

economic cost due to the nutrients loss.



2.LITERATURE REVIEW

2.1 Watersheds and its Processes

According to Smith (1978), watershed is defined as surface draamageabove a specified point on a

stream enclosed by a topographic boundary or perimeter. The comuch@ergral characteristic of all

watersheds is that they hold multiple, interconnected natural pesowgoil, water and vegetation that

impact on one resource invariably affects the status of the diwdrise, 1992:1, Agenda 21 of the

UNCED and the Brundtland Report- Our Common Future- of the World Caiomisn Environment

and Development (WCED) (WCED, 1987).

Watershed processes is described in terms of processes aranrimpland areas, in small stream

channels, and over entire watersheds. According to Schumm, (1977 and ASCE tHO8®tershed

processes are divided into:

Upland AreasProcesses considered for upland areas hydrologic processesnigaiucioff sediment
detachment, transportation and deposition and sediment yield.

Lateral or Runoff areas- This consists of flow to, into, and within small concentrated flow channels

or rills.
Water body areasThey are where the waters join another water body such wasralake, reservoir,

estuary, wetland, sea, or ocean.

2.2 Causes of Land Degradation

According to Mitiku et al. (2006) land degradation is the reduction in the capacity of the land to
produce benefits from a particular land use under a specifiedoffoland management. Soil erosion is
one of the major causes of land degradation in world wide. Although esiberis a natural process,
human “factor” can speed up erosion, and this is referred to atemted (human induced) soil
erosion. According to Steiner (1996), soil loss can be 20 to 40 timesr higlre the rate of soaill
formation, that restoration of soils within a time span that baaysrelations to human history is
impossible, which implied the need for controlling soil erosion in otdegnsure sustainable use of
land.

2.2.1 Factors of Influencing Soil Erosion and Land Degradtion

In general, soil erosion varies according to land-use and agnatizones. According to Mitiket al,
(2006) and Foster (1982), apart from land use activities that trigggoe processes, there are natural
and anthropogenic factors that directly or indirectly influence ghecess of erosion and land
degradation. These strongly interlinked factors include:



Climate-Rainfall erosivity which is a function of amount, intensity, duratiennd speed and
Temperature
Soil properties- Erodibility which depends on texture, soil organic matter, permigabdil structure and soll
depth
Topography- which includedope angle and slope length
Vegetation-such agyround cover plant height, roots and organic matter
Soil management-includes practices like crop rotation, tillage direction, machinhe®liness of planting and

fertilization

On the other hand, Douglas (1994), Steiner (1996) and Hurni (1993) explatfefiniion embraces
not only the biophysical factors of land use but also socioecononmectasguch as how the land is

managed and the expected yield from a plot of land.

2.2.2 Effects of Erosion and Sedimentation

According to Bewket (2003) soil erosion particularly in the fahwater erosion have tremendous
environmental, social and economic negative impacts that can be saedres on —site and off-site

impacts (Figurel) and they are summarized in the following diagrank(Mitial, 2006).

On-Site Effects

Loss of Soil Fertility

Decline of Crop Production
Destruction of Infrastructure
Pollution of Watering Points

T
oS Lz |
Off-Site Effects N 'i:f' ===
Flash Floods — i J
Water Pollution —- _ﬁ}

Sedimentation of Water Reservoairs

Figure 1Effects and problems of erosion

2.3 Soil Erosion and Sedimentatiorin Blue Nile Basin

The Blue Nile River also called Abbay River cuts a deep gargiarts the western part of Ethiopia
starting from its source, Lake Tanaccording to MOWR (1999)most of the sediment in the Nile
flows from the Ethiopian Highlands through the Blue Nile and AtkRnzer. About 95% of the
sediment in the Nile comes from the Blue Nile and Atbara ridensng the flood season (July-
October). Different scholars indicated that, currently Abay is anie least planned and managed
sub-basins of the Nile. For example Ahmed (2008) indicated that this diasharge contributes high

sediment load to the down streams.



__— Rainfall

__Sediment

=

-

- —— Discharge

| —— Edditim Discharge —&— Rainfall (Mm3/d) —&— Seddiment Concentration (ppmj

Source Ahmed, 2008nternational Hydrological Programme, Sedimentie Nile River System
Figure 2 Comparisons of Rainfall, Discharge and Sediment Yield in theNBrie
About two thirds of the area of this densely populated basin faharhighlands and hence receive
fairly high rainfall of 800 to 2,200 mm per year. However, the rdirdarratic in terms of both spatial
and temporal distribution, with dry spells that significantly redcrog yields and sometimes lead to
total crop failure (Teklu, 2009).
According toAster and Seleshi (2009)ere are four main areas of high erosion hazards in the Abay
Basin. These include:
1. The steep slopes around Mount Choke in East and West Gojam, maniy digh rainfall and
poor physical soil conservation structures
2. In the Lake Tana Basin, where the steep slopes around mounts &coligated (South Gonder)
and Molle (South Wello)
3. In South Wello on the high hills north and west of Debre Birhan
4. The upper and middle steep and cultivated slopes of the Middle Abay Gorge in EagaWelle

Based on the report by Seleshi B. (2009), the total soil eroded within the landscapebayttzadin is
estimated to be 302.8 million tons per annum and from that cultivatedidaestimated to be 101.8
million tons per annum. Thus, a total of about 2.03 million hectares (Mhalltfated land have

unsustainable soil loss rates from the basin.

2.3.1 Erosion and Sedimentation in Ethiopia

Many environmentalists, policy makers and researchers agresoihatosion by water is one of the
most important chronic land degradation processes in Ethiopia. The ndetheypian highlands are
among the most seriously affected regions in the country (TBAANROO; Nysseret al, 2004).
EHRS estimated that the average annual soil loss from deadnlevas 100 tons/ha and the average
productivity loss on cropland was 1.8 % (Constable, 1985). As a consequédacd dégradation, the

6



productive capacity of the soils in the highlands is reducingatesof 2-3% annually (Hurni, 1993). A
study by FAO (1986) estimated a higher rate of soil lossllirbiMg yr' in the country as a whole
and around 100 Mg Hgr™* from cultivated fields. According to Woldeamlak (2003), some 50%he

highlands was already significantly eroded’, and erosion wasngadsclines in land productivity at
the rate of 2.2% per annum. This can lead to severe land degradatibe watchments and

eutrophication of downstream reservoirs (Cordegl, 2009).

According to the research findings; most of the land in Ethigpéxposed to water erosion and the top
soil has disappeared at alarming rate. For example more thabillooe tons soil is eroded in the
Ethiopian highlands annually (Wakeel and Astatke, 1996). Bojo and Cad$8lk) @lso insist that in
Ethiopia soll fertility decrease is a more important phenomemam s$oil loss by erosion. Verstraeten
and Poesen, (2000) indicated however that soil fertility decline dubetdoss of sediment-fixed
nutrient is often forgotten. For example Smaling (1990) reported aage/dl-P-K export through soll
loss by erosion of 60 kg Ha* for the whole Ethiopia which is very high compared to the 20 Kggha
! which is taken up by crops. This nutrient loss is among the highglgtida rates in sub-Saharan
Africa. Haregeweyret al.,(2008a) also assessed the nutrient export afmidll catchments in Tigray
and found an average sediment nutrient content of 0.15 % + 0f64 %% 8.13 + 2.75 mg kyfor Pav
and 429 + 164 mg kfor K.

2.3.2 Erosion and Sedimentation in the Highlands of Ethipia

Resource degradation has been recognized to be a serious prolhemighlands of Ethiopia since
the early 1970s, subsequent to the disastrous drought and famine in thg. ddamtly soil erosion,
nutrient depletion, drought and deforestation are common environmental prabléneshighlands.
Consequently, a large area of cropland is subject to “unsustainatsis”af soil erosion (12.5 t har

) in the Amhara, Benishangul Gumuz and Oromiya regions (Tabl€h&).major physical agent in
environmental degradation in the settled highlands of the watershed is erosi@yé@Bizet al, 2002).
Therefore better land and water management are criticatgmovement of human well being in the
drought-prone Ethiopian highlands which is again requires a better tamtng of the hydrological
characteristics of different watersheds in the headwaters ofiftn&Mer is of considerable importance
because of the international interest in the utilization olvéger resources, the need to improve and
augment development and management activities of these resourceke gratential for negative

impacts of climate change in the future (MoWR,2008).



Tablel Erosion rates in the highlands of Ethiopia estimated by scholars

Source Calculation Land use  Erosion rate t/ha/yr Net loss
Low High  average (%)

EHRS Estimated cultivated 10
Grunder 1986 Measured Grass Near zero - 72

Tef - 282
Solomon Abate 1994  Measured cultivated 139
Hurni 1983b USLE estimate  cultivated 120 17
Hurni 1988 USLE estimate 42 2
Belay Tegene Bare soil 293 - -

Dom cult - - 75
Gebre Michael 1989  Measured cultivated 78 218 152.5
Bojo & Cassells1994  Estimated 20
Tolcha 1991 Mean annual net loss 83 t/ha/yr

Source: - Characterization and Atlas of the Blue Nile Basin and its Sub basins IWMI (Aster D and Seleshi B (2009).

2.3.3 Erosion and Land Degradation in Meja Watershed

Land degradation in the study watershed is taking place atammiad) rate because of rugged
topography and erratic rainfall and aggravated by anthropogenidtiastisuch as deforestation,
continuous cultivation, and overgrazirkgr exampldoased on the field visit hydrology reconnaissance
survey conducted by IWMI from August’4- August 18' 2010; most communities live on the ridge

tops but cultivate the steep valley sidesl Slopes of up to 8@re being cultivated; where slopes are

too steep for tilling by oxen peopiese hoes and the area has been also heavily deforested irt the las
10-20 years.

Photo was taken duting the cropping
Mow a Fase aniount of season but still almost bare since
g 'ond become badiands farmers lost hope| to undertake
farming activity because the land is
severely degraded which adds another
stress on their livelthood and food
security; phen plly now they
become wound an external aid
though they have sufficient land size.

[

Figure 3 Extent of land degradation in Meja watetshhoto taken at Serti(a), Galessa(b) and Kokébgle sub catchments

Birhanu A. (2011) is also found that 100% of the respondents repiidedhere was soil erosion
and/or sedimentation problem in their farm lands so thatdagdadation is threat to their production
like reduction on the land productivity potential of thad and increase cost of productidhese can

all reduce crop yields and are compounded by the inability ofyfheal subsistence farmer to provide



the inputs necessary to restore soil quality like inorganicifentd. As a result, the region is considered
one of the most degraded and degrading regions in Ethiopia (Figure 3

Erosion is also one of the most serious environmental and economicalnpadhbléVeja watershed
through increases natural level of sedimentation of reservoirsiréFid) and irrigation canals by
reducing their storage capacity as well as life span.

As per field observation the Dam
was constructed on Meja River a

rammed with

e ; .

Figure 4 Sedimentation problems atilu Gurji kebele dam project at Mekja River

Major Causes of Erosion and Land Degradation on th&Vatershed
Physiographic Nature

The topography of the region is very rugged and sensitive to erosiomsandifficult for effective
utilization and managemenihich speeds up the transport of sediment and runoff through erosion in
the catchment into rivers while giving less chance for deposdrah getting retention time in the
watershedBased on the field survey during this work, most of the communitiéseoivatershed live
on the ridge tops but cultivate the steep valley sides i.e. stépgsto 86 are being cultivated (Figure
5) as a result erosion in the form of slope slumping and gulleying is a majorahiieatarea.

Azlope up to TO-80%
cultivated in the study
o watershed.

Increasingly mountainous and steeper slopes are
. cultivated, in many cases without or almost there is no
4 any soil and water conservation or protective measures
against land erosion and degradation; now most of
fertile lands being changed in to marginal lands.

Figure 5 Gullying and cultivation of hilly slope challenges in Meja watershed

Population Pressure and Socio Economic Situations
According to the Jeldu district bureau of agriculture and rural dpuent report on watershed
management (2010), some society members are still landlegs thred shortage and poor land use
9



policy such as inequitability of land sharing in the afideese processes in turn go ahead to expansion
of agricultural and grazing activities into marginal and stdepes, which exacerbate environmental
degradation in the watershed.

For example Birhanu A. (2011) indicated that there was densehfirest before 20-30 years in the
area where as per the observation during this field work @i§uralmost there were no any natural
forests which can be seen in the watershed due to intensive tkforefor the purpose of expanding
agricultural activities.

Agriculiural mtensification hill slopes through
deforestationleads the land suscepiible to
erosion arndland shide

Figure 6 Agricultural Extensifcations in Meja watersheoludin deforestation

Another challenge for sustainable land management in Meja waleishew income nature of the
poor rural farmers. As rooted in the data from a parallel sfpaht of this project) by other researcher
survey on soil water interventions on their land showed that the pooerfain general were less
interested in soil and water conservation investments due to its long-term impaeir dimelinood.
In other instance, the researcher was also try to undersiarfarmers indigenous knowledge becomes
worthless due to the fact that emphasis were given for shortdemslopment so that traditional
ecological principles, no longer play a decisive role. Like aansive user of chemicals instead of
organic and natural soil fertility enhancement mechanisms.
As per some discussion with the local farmer on their generegption about the land degradation;
most of the people believe that land degradation and climate cteabgeduse of therath of GOD
even though they are responsible what happened on their environment aad ofsendeavor to
rehabilitate the environmental degradation of the watershed.

Land Management
According to informants from data stated by a parallel stuidigiwis part of this project and also the
local farmers, in the watershed there is almost no soil aner wanservation activities; only some
remains done during thBergeregime. On the other hand; intensive tillage in the waterskedhie

land was ploughed 2—-4 times with ox-drawn ploughs before sowing eshéwectemporary fine soil

10



structure as sediment transport through runoff (section A2 result, the watershed is considered as
one of the mostegraded and hot spot area in the highlands of the country.

The researcher also tries to observe some of the ineffectigemadis and traditional practices result
in further land degradation in the watershed. For example whenahdiproductivity is decline most
of the community loss their hope to rehabilitate the productivityhef land rather planting of
eucalyptus tree on their lands and in the area fallowing parliciiaGalessa and Seriti kebeles is also
very common practices so as to improve the fertility of ttaid]l On the other hand different scholars
indicated that eucalyptus trees have a negative ecolodiesk €lue to its water use potential as

inveterate by the observation experience (FAO, 1988).

2.4 Estimated Economic Impacts of Soil Erosion

Hurni, 1993 indicated that the economic impact of land degradationrerety severe in densely
populated South Asia and Sub-Saharan Africa. Yield reductions of 20 to 40%édwveneasured for
row crops in Ohio (Mitikuet al.,2006). Nutrient depletion as a form of land degradation has a severe
economic impact at the global scale especially in sub-Sahdraxa.ASmaling (1998) has estimated
nutrient balances for several countries in sub-Sahara Africaabdepletion rates of soil fertility were
estimated at 22 kg N, 3 kg P, and 15 kg K per Tas paper briefly discusses the some of the
techniques that can be used to value soil nutrients loss due &radn as suggested Mifferent
authors, which include:

& The Replacement Cost Approach (RCA): Valuing Input Costs

& The Productivity Change Approach: Valuing Production Change

& Willingness to Pay: Inference when Prices are not Available

& Hedonic Pricing: Placing a Value on Resource Characteristics
All the approaches have different merits and demerits and cappliedaunder different situations.
Bishop and Allen (1989) suggested the consideration of the following iasdeguestions that can
help guide in choosing a workable approach in economic analysis of erosion:

» The objective(s) and the user(shwho needs the assessment and why?

» Evaluation criteria: Is the set of evaluation criteria produce results that are creibleslevant?

» Method sensitivity. Can the evaluation method produce results that are objective and consistent?

» Cost-effectivenessWhat (amount of) data does the method require? Are thesastatssable at

what cost?
» Scope Given budget, time, human resource and data availability constravhts is the

appropriate scope and level of detail and the tolerable error?

11



2.4.1 The Replacement Cost Approach: Valuing Input Costs

Barbier (1998) explains that in developing countries, the most common methpdot the economic
assessment of soil nutrients is the replacement cost. The Bwplaic Cost Approach (RCA) is
primarily used to assign monetary values to depleted soil nutesritee cost of purchasing a quantity
of chemical fertilizer with a nutrient content equivalent to ¢juantity lost.Drechseet al., (2004),
indicatesthe key advantage in using the RCA is that market pricessaialy available for at least
some common nutrients, making assessments simple once the nutadaisdas obtained. The RCA
suffers from some inherent limitations. For example, on the one handl fextilizer applied is used
by plants-a certain amount will be lost again. On the other hafi (B996), a significant portion of
lost nutrients might themselves not have been plant-available soighsvgustification for putting a
cost on their replacement.

2.4.2 The Productivity Change Approach: Valuing Production Change

Based on the concept of Enters (1998) the basic principle behind Prdaghi€hange Approach (PCA)
method assumes that the value of productivity change is equal tdfdérerdie in crop yields with and
without that change, multiplied by the unit price of the crop whiabr imight be grown, potentially
adjusted to reflect any differences in the costs of productionnidie advantage of the approach is
that it is logical, straightforward to apply (as long asvaie¢ data such as crop yield changes over time
are available) and relatively easy to comprehend even for noralsgtsc(Barbier, 1998). While the
PCA has many advantages, it also suffers from a number of mhmadlems such as the difficulty in
linking yield with nutrient loss as described earlier (Lal 1995 amigr& 1992). This is complicated,
since farmers can be expected to adapt their farming systethe face of soil fertility decline and
other changes.

2.4.3 Willingness to Pay: Inference When Prices are Not Available

According to Lal (1995), the fundamental basis behind the two valuagbinods described above is
that nutrient inputs (RCA) or agricultural outputs (PCA) are, arlim priced in the market. However,
even when explicit markets or prices do not exist, soil nutrigilthave value. The Willingness-to-
Pay (WTP) approach is one methodology that attempts to valuegaints by discovering their
implicit value to farmers or others. WTP often use the Continy@tbation Method (CVM), a
technique used to assess the valuation of goods or services which aaeledtand, therefore, have no
explicit price. The approach is referred to as “contingent’abee participants are asked about their
valuations of goods, such as plant nutrients, contingent on some hypotkegicatio (Mitchell and
Carson, 1989).

12



3 MATERIALS AND METHODS
3.1 Description of the Study Area

Location and Physiographic Features

The study was conducted at Meja micro watershed in Jeldu gisiribe southern part of upper Blue
Nile Basin, Central Ethiopia (9° 02' 47" to 9° 15' 00" N and 38° 05' 00" t0o12816" E). The
watershed has an undulating terrain nature and with altitudengafrgm 2400-3200 meters above sea

level (Figure 7). The study watershed has an area of 9260ikdodtated at 114kms and 70kms away

from Addis Ababa and Ambo, respectively. There is one town namely @ajeldu which is some

part and in the Easter boarder of the watershed.

i *
[ - Studv watershed
I \. “
: Upper Blue Nile basin with
major rivers and study site 92.6 km 1

Meja
& Meja River
- evalion
as the Bridg (] 2448 . 2332
| f I 2533 - 61
\ T 2617 - 2700

2701 - 2784
2785 - 7869
2870 - 2953
2954 - 3037
3038 - N2
322 - 3206

II.
.-'I:I m ;,':ﬁin “-]
) | i i
| I, i £ _,-.“I'-...' ;a
ol =0 ‘—_=—
n AL Jeldu Are

Figure 7Location of the study watershed

Geology and Soll

The geology of central high lands of the country is charaetimy late tertiary rock that covers the

Pre- Cambrian rocks that underlie all other rocks in Ethiopia Therdwensoil of the study watershed

is Haplic Luvisols which is dominated by red loam in upper part dang loam in the lower parts
(Birhanu A., 2011).
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Vegetation

Eucalyptus Eucalyptus globulesy the main tree planted in the area while there is almost tacaha
forest except some remnants of very few scattered treesredgtfin the crop land and scattered
vegetation around the steep slopes and gorge of Meja River. AccoodBichanu A. (2011), 20-30
years go the area was fully covered by natural foremgenia abyssinicaDombeya torridaBuddleja
polystachyaand Chamaecytisus palmens(ree Lucerne) are among the fodder trees and shrubs
species that are considered important contributors to grazing anutr@tion in the highlands of

Galessa and Jeldu areas.

Climate and Hydrology

The mean annual minimum and maximum temperature ranges from 27 @ The mean annual
rainfall varies from 900 mm in the lower parts of the arealk®)eto 1,350 mm at higher altitudes
(Galessa). Apart from some fluctuations in recent years, gbnetfa® watershed has a bi-modal
rainfall pattern whereby it receives the shd@elg’ rains between March and April which helps land
preparation; while the main rainy season starts from June and continues up to &tggeaiber when
the main cropping is done. The major river is the Meja Riverbatany of the Nile River which joins
the Gora River that flows into the Guder River. The Meja Riveyimates at high altitude just outside
Jeldu district in the Dendi district. The headwaters are iatanvide valley, which is a wetland heavily
utilized for livestock grazing in Galessa. It then drops steemllyflows through a relatively narrow
deeply incised valley. Numerous tributaries drain into the Mejen fboth the east and west sides
(IWMI, 2009).

Land Use and Socio-economic Pattern

The total population of the District is 202,655 (out of which 102,796 are feandl®89,859 are males).
The average household size is 7 persons in the District. Fronthéhi/atershed has total area of 9260
ha, with variable agro ecology of high lands (80%), midlands (15%) ardrids/(5%). According to
the Bureauof agriculture and rural development of the district, the aeedagd holding in the
Watershed is 2 ha per household. In the watershed, agriculture nsajbe livelihood of the people
followed by livestock production and tree planting, mainly eucalyptus.nib& common land-use
systems in the study areas are mixed crop—livestock systems. Béoteg@m vulgar)s the dominant
crop, followed by Potato Solanum tuberosuym Wheat Triticum vulgarg and Enset Ensete
ventricosum Fallowing is very common in order to enhance the fertilityodlf snce some part of the
watershed land is already degraded particularly in the upper and walith the middle part of the

watershed of Seriti and Galessa kebeles. Cattle, sheep and horses arenhetdivestock species.
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Table 2 Land use land covers classification of the study watershed

Land use land cover types Area (ha) Proportion (%)
Arable land 6,009.5 64.8

Grazing land 328.00 3.5

Forest land ( mainly eucalyptus plantation) 2,233.6 24.05

Others (barren degraded lands, buildings, grave yards, roads}/ét@) 7.65

Total 9260 100

Source — Jeldu district bureau of agrimeltand rural development, 2011

3.2 Methods
3.2.1 Field Work

3.2.1.1Selection of Sampling and Monitoring Sites

The fieldwork involved the collection of runoff samples at the ouwled from the tributary sub

catchments. The latter was undertaken to permit the charatterishsuspended sediment originating
from the different sub-catchments represented by the tributdimes sampling sites or monitoring

stations were selected based on the consideration of two nmameters. The one is where the
discharge measurement gages are located which was instglledeinational water management
institute (IWMI) of NBDC2 and the second most important factos the land use land cover (LULC)

of the micro watersheds i.e. agricultural, grazing and plantattenof the most important factors
considered for this particular research since they are the denibk C in the watershed. Then by
integrating of these factors and their accessibility conditiioree monitoring stations were selected
during the reconnaissance survey within the watershed during thepstidgl for monitoring runoft,

sediment and nutrient losses and they are summarized in Figure 4 and Table 3.
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As shown in Figure Galessa statior

located at the upper inlet part of 1

watershed which was dominan
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Figure8 Location of monitoring stations
3.2.1.2 Discharge Measurements

The rivers discharge was measured directlyArea - velocity method Graf and Altinakar (199)
using staff gages that were installed across the flow sedsors of the monitoring river Then the
discharges of each monitoring stations was calculated (-1):

Q(M¥se) = A (M) XV (M/SE)....cuvvueiiiiicieaeeiiie Equation 31
WhereQ=the total dischargeA= the cross sectional area of the river V=is theaverage velocity of the runc

But since the analysis was fbulked over ten days sam, the consecutive days’ discharge w
summed to get the total volume of water losses in each station for eade

a) Cross sectional Area Neasurement
The crosssectional areas of the three monitoring stations were calddtat® the water column max
perpendicular to the flow direction and the total width of each rivarite purpose of cross sectio
area meagsements, the rivers were divided in to sub sections so that thelisthhrge was calculat

from the summations of each sect(Figure9).
b) Flow Velocity Measurement

The velocity of water lost by runoff at Melka and Kollu sia8 was measured usicurrent meter in

different cross section of the rivers channel and the average valuealowdate( (Figure 9) whereas at

Galessa it was measured using floating method since the caretet was taken in to other proj
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site. Each float velocity measurement was repeated threg tivee a distance of 10 m (5 m upstream
and 5 m downstream of the cross sectional measurement points) and the averagenvas t

The surface velocity was converted to the average velocity usimy’® empirical equation (equ. 3-2)
(Graf and Altinakar, 1998):

[V 1Y P ——— Equation 3-2

Where V = average velocity (M'} vs = surface velocity (m 3)

Since the mean velocity in a vertical profile is approximatethbyelocity at 0.4 depth of the current
meter, we use the measured velocity as an average velothigt aertical for the case of current meter
measurement and equation 3-2 for the case of floating method.

total widith of the river

WATER

~ SURFACE J
. VERTICALS + /

-
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e e e
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3 3
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Where

b-the width from the edge of the river
d-the depth (water level)

A

4 b 3
tﬁ? ™ B L i d : i
Figure 9 Field area and velocity measurements and diagrammatiabrglations

3.2.1.3 Stage-Discharge Curves

Since there was no full run off velocity data in each monitoriagosis because the current meter was
not available throughout the season and also due to difficulty of nmggasring flooding;Q-d rating
curves was developed for each sites. These rating curves wetetausestimate the continuous
discharge from recorded continuous depth for whole study period. Atre@&ech flow monitoring
stations, the enamel painted staff gauges (gauge posts)eveeted at different levels so that each
respective water depth was recorded at the time of runoff sagni make it flow proportional
sampling (Figure 9).

Thus, a curve is drawn by plotting ‘stream discharge ‘Q vs.eaeght h’ (Appendix 1) using power
function of Graf and Altinakar (1998) (equ. 3-3)

Q=K (H +HO) e Equation 3-3
Where Q is the discharge in In Ho is the height of zero measurement and H is the observed depttesfin

m. K and n are parameters that are constant and vary depending on stream chktcacteri
From the rating curve, the stream discharge correspondingffogsiuge readings data was taken

throughout the rainy season (Appendix 3).
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3.2.1.4 Sediment and Runoff Sampling Techniques

Runoff sampling and discharge measurement was limited to a pajoof the summer rainy season
(from onset of July to the offset of September) since sedimenh@nént loss is closely associated
with rainfall-runoff events. Therefore the fieldwork was famion the collection of representative
runoff samples using 1lliter plastic bottles from each monitoriatjosts. The amount of sample was
based on the probability of flooding and soil erosion of the watersheat i@ast once a day in July —
August 15 and twice a day from August in order to get sufficeediment for laboratory analysis.
Samples were collected at the same time of the manual runoff dischagerements.

Depth-integrated sampling was applied in the rivers vertically from tbarsbred direction to the water
surface nearly at a constant speed to overcome the effect of velocity gradient

The sampling was done at the same location along the crosmdectivoid the influence of proximity

of the riverbanks or the pier and the velocity gradient on suspended sediment connentrati

NB- All the composite samples were coded as follows:
- First the abbreviation of the station M, K and G (indicating for Melka, Kollu ands&aktations),
- Followed by D (indicating the ten consecutive sampling days (decade)), and the
- Followed by 1, 2, 3, 4, 5, 6, 7, 8, 9(indicates first, second, third ..., ninth decades)
For example, MBRindicted that sample from Melka station in the first decades (ten consedays)

Table 8 Detail description of monitoring stations and sampling periods

Monitoring Code Starting date End date Location Catchment
stations (D1) (D8 and/or 9) area(km?2)
Melka MD* July 02/2011  Sep 28/2011 E=038°01"'49"".9
N =09°17"29""1 928
Kollu KD* July 02/2011  Sep 28/2011 E=038°03"27"".1 2.6
N=09°18'03"".3
Galessa GD* July 02/2011  Oct 06/2011 E=038°09"03"".7 1.6
N=09°09"03"".7

3.2.1.5Sample Handling

To minimize cost and also to get sufficient soil sample foryarsmlthe 10 consecutive day’s samples
were bulked in to one container as decade. Then, a compositarsple©f one litter was taken from
bulked samples for analysis. Heeach daily collected samples was put with sample presetvatio
technique by storing at 3demperature until laboratory analyses undertaken to minimizkefart
biological and other chemical degradations particularly for plant nutrients
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3.2.2 Laboratory Analysis

For quantification and physcio-chemical characterization of the sedimentraoftlwater lost from the
watershed; samples were brought to Ambo university laboratoryatgsaithose parameters that were
assumed to be indicator of the watershed degradation. The parathatevere analyzed were briefly
described as follows:

3.2.2.1Suspended Sediment Load Estimation

To determine the suspended sediment concentration (SSC), the runu#sarnare filtered using a pre
weighted Whatman cellulose filter paper 8B. Thus SSC of the bulked samples was determined using

equ 3-4:

SSC =M-mf/V Equation 3-4
Where; SSC = the suspended sediment concentratioff)(gM.= mass (g) of sediment and filter

paper, mf = mass of empty filter paper; and V = is the voloimthe water sample (L) which was
constantly 10 and 20 L form July — mid August and August 15 - end of September, respectively.
The total sediment that was lost from the watershed was de&etinby measuring instantaneous
discharge, Q (m3Y and instantaneous suspended sediment concentration, SSC (g/L) ok

samples of each decades (equ. 3-5)

Total suspended sediment lost (SY) (g) = SSC xQ Equation 3-5
Where; SSC is the suspended sediment concentratiort)(@rd Q (m®s) is the total discharge for the 10

consecutive days of each monitoring sites.

But to get the dry sediment concentration some pre-weighteckdilsmil was dried in the oven for 24
hours at 105 °C in the laboratory, and then reweighted again amdoibtire content was calculated
and used as correction factor (mcf). Then the filtered suspendades¢ was air-dried, labeled and

packed in aluminum foil after weighted with digital balance and kept for furtiatysas

3.2.2.2 Physical and Chemical Analysis

The texture of the sediment was determined using hydrometer m@table 4) after pre-treatment
with hydrogen peroxide to remove the organic fraction and chendisgersion with sodium
hexametaphosphate. Grain-size analysis of all suspended sedimplassaas impossible, as many of
the samples in a given station did not contain enough soil for all gghgsiemical analysis. The
samples were, therefore, grouped according to their date, stat@uspended sediment concentration

for grain size analysis.
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Figure 10Sediment grain size analysis using Hydrometer

The chemical analysis was done for both the sediment and seatgdes focusing on essential plant
nutrients including total N(TN), NHN, NOs-N, plant available P and organic carbon for the sediment
and dissolved nitrate, ammonia and phosphate for the water (Appendiaritja®t methods were used

for each parameter (Table 4).

Table Methods used for the physico-chemical parameters analysis

Parameter Methods used Reference
SSC Gravimetric(filtration)
Texture Hydrometer Bouyoucos 1962
SOM Walkley and Black Jackson, 1967
é Total nitrogen Modified Kjeldahl digestion Dalal et al. 1984
F§ Nitrate(NO3-N) Magnesium oxide-Devarda’s alloy Maiti, 2004
U:a Ammonium(NH4-N) Magnisum oxide-Devarda’s alloy Maiti, 2004
Auvailable phosphorous  Olsen's R. Olsen and co-worker ( 1954)
g Dissolved nitrate UV-Spectrophotometer Patnaik (2010)
b‘:‘i Dissolved ammonia Phenate Patnaik (2010)
§ Dissolved phosphorus UV-Spectrophotometer Patnaik (2010)
o

3.2.3 Estimating Cost of Erosion

The economic valuation was done by considering the sediment anuti@spéant nutrients lost
associated with the sediments and runoff as consequence of emsidurtivity change approach
(PCA) was applied to estimate this cost due to atdvantage of the approach; it is logical,
straightforward to apply (as long as relevant data suchogsyoeld changes over time are available)

and relatively easy to comprehend even for non-speciéatbier, 1998).
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of erosion

The economic loss due to the lost nutrient was estimated baseddregmonse curve developed from
secondary generated data by researchers on the major cropsigrthvenwatershed and the current

market price of these crops.

The computation of nutrient value of both in the sediments and runoff weate based on the
commonly used sources of nutrients by the local farmer’s i.e. chemitli#des. Based on the data got
from the bureau of agriculture and rural development, the chemitifizées commonly used by the
local farmers were urea and diammonium phosphate (DAP) for supplyiogen (N) and phosphorus
(P.0Os) nutrients respectively for growing crops. Thus for the purpose lolilaing the onsite

economic cost of erosion, only inorganic form of available nitrogen{Nlldnd NQ-N) as a source of

nitrogen fertilizer and s asphosphorous fertilizer both in the sediment and dissolved in runoff water

were considered based on the stchiometric principles.

The general procedures used for the valuation is given as the following diagram-

Total amount of M and P fertilizer lost with sediment and runoff was determined

The major crop that assumed to be grown in the upper catchment was identified

¥

Yield response calibrated curve was developed for those crops

"o

Computingthe Optimum grain and tuber yield with these amount of nutrient loss

~

Converted these yield in to monetary values wath existing market prices

v -y

Figure 11 General procedures followed for cost calculation of nutrient loss

o.c.«+ wwauStical Analysis
The data was analyzed using SPSS version 16.0 Software and presemgeSigma plot 1Mifferent
statistical analyses including Pearson’s Correlation betwemie@ parameters to discriminate those
influencing variables in the process of erosion was conducRegression was also conducting to
determine spatial and temporal variability of SSC and nutrierstetodetween locations of each
monitoring stations and periods when samples were undertataistical significance of the changes
in sediment characteristics as well as the differenceanafir water quality between the monitoring

stations was also determined.
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Conceptual Frame Work of the Research Method

Selection of the monitoring/ samp]ing sites ‘
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Figure 12 General conceptual frame work of the research
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4 RESULTS AND DISCUSSION

4.1 Suspended Sediment Analysis

4.1.1 SuspendedSediment Load Estimation

After the bulked runoff samples from each station were filtéFéglure 12); then both the suspended
sediment concentration (SSC) and total sediment yield (SY) dedaohtained for all stations of each
decade which is presented in the following table (Table 5). Trenraeerage SSC during the rainy
season was.0+1.1 g L'* from the watershed (at Melka) whilei+0.9 and2.2+1.3 g L™* at Galesssa and
Kollu sub catchment monitoring stations respectively (Table 5).riéan total suspended sediment
lost from the watershed during the rainy season (in three month wab/6812, 157@nd 398 tons
from the watershedelka), Kollu andGalessamonitoring stations respectively (Table 5)

In part, as the study was limited to three months it isadiffito compare with erosion rate in other
parts of the country. However, since the majority of the gosien in Ethiopia takes place during
these months, the magnitude may be close to the annual soil lossimpiiels that still erosion in the

study watershed was one of the challenges for sustainapemvater productivity both in terms of its

sediment and runoff water quality.

4.1.1Temporal and Spatial Variability of Suspended Sedirant

All the sediment data analysis shows tthetre was a significant variation both in time and space. For
example the average SSC at Melka in the first decade (inbn02-11) was by far higher than that of
decade 8 and 9 (after September 20). Within the same decade itagied between stations. The
statistical analysis also revealed that both the SSC and dd¥ficantly vary between decades and
monitoring stations. For example parametric test between 8&@anitoring station shows that there
is difference between the Melka with that of Kollu and Gadestations is statistically significant at
p<=0.05.

So that in order to take into account the influence of period anddocefiects on sediment transport
for any management interventions; this research efforts to amgwvem and where problems are sever

and hot spots or actions shall be taken.
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Table 5Suspended sediment concentration of fiisionples

Station Sample SSC (gm/L)  Average Total volume water Total suspended sediment
Code discharge of the lostm?3 (10%)/decade load for the 10 days(kg)(10%)
decade (m3/s)
MD1 4.5 5 435 1960
< MD2 4.8 3.6 315 1510
ﬁ MD3 2.4 3.4 290 696
3) MD4 2.9 4.6 398 1154
= MD5+6 2 3.4 291 582
MD7 2.7 3 259 700
MD§+9 1.7 1.4 124 210
Mean 3.0+1.1 3.5+1.1 301.7493.3 973.2+558.3
Total 2112 6812
é KD1 4.3 0.6 218 937
=) KD2 3.4 0.5 78 265
M KD3 2.2 0.3 65 143
KD4 1.9 0.4 96 182
KD5+6 1.5 0.2 16 24
KD7 1.1 0.1 10 11
KD8+9 1 0.1 7 7
Mean 22413 0.3+0.2 74.3+64.2 329.4+224.2
Total 490 1570
GD1 2.8 1.2 86 241
GD2 2.6 0.9 37 96
GD3 1.1 0.7 12 13
g GD4 0.9 0.4 8 7
5 GD5 0.6 0.2 18 10
= GDo6+7 1.2 0.4 21 25
@) GD8+9 0.8 0.1 6 5
Mean 1.4+0.9 0.6+0.4 28.1+22.1 87.3+56.7
Total 188 398

Where- MD, KD and GD is Melka, Kollu and Galessa station at the D" decade respectively, Wt is weight, S is suspended sediment

and SSC refers to suspended sediment concentration

4.1.1.1Temporal Variability of Sediment Concentration

The analyzed data’s revealed that both the SSC and SY waergcaigtly varied between decades.
While from the regression analysis between both SC and SY andrsgutiple (decade) indicated that
it was strong relation in each station with®€F0.71, -0.90 and -0.64 at Melka, Kollu and Galessa)
(Figure 13). This may due to an intensive tillage in the watershethe land was ploughed 2—4 times
with ox-drawn ploughs before sowing (at the beginning of samplimiggureces the temporary fine soil

structure as sediment transport through runoft.
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Figure 13 Regression lines between suspended sediment and period

While from the general trends of the mean SCC from the thiese (Siigure 14) confirms that sediment
concentrations were higher at the start of the rainy season arehskd towards the end, although

much depends on the land use type and rainy events.

5_

—-decade vs S5C

melka station

Kollu station ||

SSC (g/L)

DA D2 D3 D4 D5+6 D7 D5+9

Decade (ten days bulked samples)
Figure 14 Temporal trends of SSC in the three monitoring stations

This is may be related to the tillage and sowing operationatasitstarted at the beginning of the rainy
season. This confirms the soil conservation research programr)Siata that indicates soil loss
rate —maximizes during ploughing and the first month after planting of the cldpES(EL986).

Form the data retrieved by other researcher in the waterBo&atp was the major crop in the upper
part of the watershed (Galessa kebele) which was grown agaithier rainy season so that the

probability of erosion was reduced since the land was under medium6(®®)-and high (60% and
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70%) cover results less damage the land with erosion at thetisample collection. Another reason
for such differences was due to the particle size of the sedimenthe textural analysis of the
sediment indicated that very fine at the beginning of theyragason and which consent with the
correlation (Table 8) of particle size and SSC, higher SSGyhlted in sediments of very fine. While
in case of Galessa and Melka monitoring sites this trend wasustsediment concentration was
increased from Pand 3 (end of August) towards {and O (mid of September), (Figure 14) since
there was tillage operations at the upper part of the catchntertexample in Galessa fallowing is
very common practice so that farmers were take tillageatipa during the beginning of September to
prepare the land for the coming year production. Whereas in caselkd;Nhere was irrigation in the
dry season so that the land was under tillage operation in theaidgeja river for intercropping
production particularly Teff during September which increaseprbigability of sedimentation in the
rivers. Accordingly the field was bare and offer less rasc# to splash and runoff erosion during this
time. Another factor that hampered the probability of sedimerittnghe LULC was the discharge of
the rivers of the upper sub catchments the stations (Figure 15)isThesause the correlation matrix
between SCC and Q also indicated that it has a positively significanbmedai’=0.59 (Table 9).
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Figure 15 Temporal variability of Sediment concentration with respect to discharge effects

SSC and Discharge or Hysteresis Effect
In theory SSC should increase with discharge because theadsdaaicrease in turbulence enhances
the capacity of the water to carry suspended sediment (Am&0Q@9). In this particular study, the
relationship between sediment concentration and discharge weterestatorrelation which reflects
periods of the year when sediment may be more readily avaitaieat other times, which is related

to land use land cover effects. As a result the correlationgstrdbetween SSC and discharge was
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weak in all stations (0.35, 0.56 and 0.53 at Melka, Kollu and Galessa station) having very scattered

Q-SSC rating graph though it has positively related in all the three stations
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Figure 16Q-SSC rating curve (a) for Melka, (b) for Kollu af@j Galessa monitoring stations

Thus based on the general trend observed from the graphs, it ise@tssibhclude for all stationsor

a given runoff discharge, lower SSC-values occuwtrds the end of the rainy season than at the begiy’.
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[

This is because based on the data rooted from a parallel(partpf this project); this is again due to

an increase in vegetation (crop) cover decreased the sediment soukesrabqf rainy season though

discharge has positive correlation to SSC to all stations.nstarice Potato was the major crop in the
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upper part of the watershed (Galessa kebele) which was graiva aarlier rainy season so that the
probability of erosion was reduced since the land was under medium6(®®)-and high (60% and
70%) covered results less damage the land with erosion at theftsaenple collection. whereas the
average land cover(mainly referring to the crop cover) at tlelleniand along the lower part of the
watershed was between 10-20% which was another factor to intreadienent probability. This is
because Walling, 1977 indicates that scatter SSC-Q relationshypicsl of ‘supply-limited’ or
sediment sources conditions in its upper catchments which can benegplgi hysteresis effects of

sediment transport systems.

4.1.1.2 Spatial Variability of Sediment Concentration

Based on the quantification of sediment in each monitoring shiese twas a significant difference
both in amount and type of sediment lost among stations (Figure H®)m&an SSC (g1) ranges

from 3.0+1.1 in Melkal t02.2+1.3 in Kollu and1.44+0.9 in Galessa (Table 5).
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Figure 18 Spatial variability of SSC among the three monitoring sites

While the statistical significant test at (p-value <=0.005) anstatgons also shows that there was high
variation in suspended sediment concentration. Moreover, the high standatmdgwadad covariance
in SSC also indicate that there is variation in SSC withth esdation due to the variation in the
catchment characteristics and socio-economic or land use fatishsch it needs farther investigation
on the major factors for such difference (Table 5).

Table 6 Sediment variability among stations

Sampling Average SSC Average Total suspended sediment SSC SD among SSC CV(%) among
station (gm/L) discharge (rfis) load loss (kg)(1%) stations stations

Melka 3 3.5 24611 1.2 120

kollu 2.2 0.3 2753 1.3 90

Galessa 1.4 0.6 683 0.9 80
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Though it needs detail research about this difference is dhe ttuman activities and/or LULC of the
upper sub catchments of erosion contributing aotdke monitoring stations. For example based on
the Land Use map of the watershed (Figure 19); SSC in Gakssttively low since the upper
contributing or source areas was dominantly grazing land which redegerobability of sediment.
Whereas the higher sediment lost at Melka station is maytaue consequence of an intensive
agricultural activity on the ridge of the Meja River which neskke land very susceptible to soil
erosion. It is the fact that agricultural tiles are anotlkeeinsent source and the increased runoff rates
from sheet and rill flow, gully development, and enlargement of dyairthtches aggravating the
process of erosion and sediment yield from agricultural lands. $Hi®dause SCRP research data
indicates that erosion losses as highest from cropped land, hi§b&stinnual loss) on crop land than

other land use types on account of ploughing and planting nature of the sector (EHRS, 1984).

While Still in Kollu was also relatively higher than Galesgdach may be due an intensive agricultural
activities on the upper part of the Lega Jeba river contributoriestiblower than that of Melka since
some part of the upper catchment was covered with planting pasicularly eucalyptus and

settlement which reduces the probability of soil erosion.

Land use land cover patterns of Meja watershed
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Figure 19 Land use land cover
map of the study watershed

Source — Birhanu Ayana research paper on sustainable raierwarvesting management practice in Meja water§@11)
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Another major factor for the variation of sediment losses betweeithtee stations were due to the
surface soil texture of the sub catchments contributing areas.isThecause based on tearson's
pair-wise correlation (Table 9) SSC were highly correlated to the particle sfzbe soil. If so, it is
possible to identify the most critical sources areas thatgtgat role in the process of erosion in the
watershed since the texture of sediment is a reflection a$dheces of erosion (FAO, 1988). Thus
from the mean soil type as presented in the following soil maeldti woreda, it is easily to identify

the most critical and play a great role in the process of erosion during the stody(pgyure 20).

Map of Dominant Scil Classes in Jeldu Woreda
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Figure 20 soil map of Jeldu district including the study watershed césd®&Ll, 2009)

From the map, the lower part of the watershed sub catchmerdsraneantly haplic Nitosoil (NTh).
On the other had according to FAO (1988) this soil is charaetehby relatively high content of clay
and silt and surface soils may contain several percent of ongeatier, revealed highly susceptible to
erosion as compared to humic nitisols (NTu) and haplic luvisols (LVitH)eomiddle and upper part of
the dominant soil type of the watershed. Similarly, the meaicigasizes of the collected sediment in
the out let of the watershed was dominantly clay and silt (T@bl€hus, by ignoring other factors in
the process of erosion at Meja watershed; this confirms theemigercentage of sediments and
associated nutrients was come from the lower part of the Wwatkrsince nutrients are strongly
adsorbed to the finer soil fractionsie to have high specific surface areas (Haregewesh2008).
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Yet, besides soil type and land use activities; the physiograpdtieréeof the sub catchments was also
the key factor that playing in the loss of sediméBdsed on the digital elevation model of the
watershed done by BirhanueZ.al., (2012), the runoff at the out let of the watershed was collected
from the upper steppy part of Meja river gorge system whileGalessa was from flat areas of the

upper catchments. Therefore the Ridge of Meja River was thé ¢ntisal source areas (at Meja

station) for the loss of sediment in the watershed as compared to Kollu and Gilgssa.

opiinGIs/o % l

Figure 21 phsiographic featurres of Meja waterga@dhigh erosion hazard areas due to steep stape aniddle and lower part of the
watershed and (b) less erosion due to flat grdaing at upper part of Meja watershed.

Source(map) -Establishing Hydrological and Metemgalal Monitoring Networks in Jeldu, Diga and Fag@&istricts of the Blue Nile
Basin, Ethiopia, B. Zemadiwt al .(2012)

4.1.2 Area Specific Suspended Sediment Yield

Specific sediment yield (SSY) refers to the mass of sedipemniinit area of a catchment that enters in
to monitoring stations. Comparison of the sediment yield betweerhtbde monitoring sites is only
possible after adjusting for the specific size of land that ibwtés the sediment. The SSY ranges from
448 ton knf at Galessa, 604 ton Kmat Kollu and 74 ton kni at Melka. The higher SSY values
particularly in the sub catchments(Kollu and Galessa stations) might benedpby the smaller size of
the sub catchment area in this study and hence may becausg ifdeability for sediment deposition
within the catchment (mainly at Kollu) and related factors may lead to esatgd figures.
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The magnitude and range of SSY values in this study area glassicompared to global and regional
datasets. Nyssen (2005) reported that African and world mean &S¥9& and 252 t ki’ y~ *,
respectively. While based on the study in northern Ethiopian highlandategéiveyn et al, (2008)
showed that SSY of small catchment (189 - 1860 toR)kthe SSY of this study is in agreement with
this range though it ranged at the maximum rate. Yet; therobsgastill believes that it needs further
researches for such differences among the monitoring stations cgigement characteristics and

other socio-economic factors that controls sediment lost.

4.2 Texture of the Sediment

The effect of sediment loss in degradation is highly relatetthéoparticle size of sediment. This is
because the active fraction of sediment is usually cited apdhi@dn which is smaller than 63n (in
silt + clay) (Lal, 1998)The average texture of the sediment revealed that clay ina\lé clay loam
both in Kollu and Galesssa stations (Table 7). While the mean compaest between the texture of
the sediment in all stations indicated that there was no signifat P<= 0.05 which implies that fine

soil particles was play great role in the process of erosion in the weatersh

From the mean correlation test analysis of sediment textuinetdase eroded parameters (Table 9), it
has a significant strongly correlated at 0.05 level of sigmitiavith all nutrients and sediment loss in
all stations at 0.01 level of significant (having=R.83 and -0.89 with % of clay and sand respectively
(Table 9). The average texture of the catchment soil islayt(IWMI, 2011). Yet, as per the texture
analysis of sediment it was more of clay; which implies thatsuspended sediment collected that
moved along with run-off came from fine-grained fertile and prodesoils. Therefore the texture of
the sediments reflects the rate and severity of erosion isttidey watershed during the rainy season
was a challenge for the livelihood of the poor farmers. Thi®csause nutrients are strongly adsorbed
to the finer solil fractions, which are preferentially transpohgdhe sedimentation processes because

of their high specific surface areas (Haregeweyn et al. 2008).
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Table 7 Sediment texture of the collected sediment

Sample code Clay (%) Silt (%) Sand (%) Textural class

MD1 58 31 11 Clay

MD2 53 34 13 Clay

mgg:g jg gg ig éli'?;loam Where Da-i-.b means t.h.e texture
was determined by mixing the

MD7+8+9 32 31 37 clay loam sediment of decade a and decade b

Mean 45 32 23 Clay

KD1 42 43 15 silt clay

KD2+3 45 45 10 silt clay

KD4+5+6 38 37 25 Clay loam

KD7+8+9 33 31 26 silt clay loam

Mean 35 37 28 clay loam

GD1+2 42 43 15 silt clay

GD3 35 36 29 clay loam

GD4+5 32 27 41 clay loam

GD6+7+8 28 24 48 sandy clay logm

Mean 35 33 32 clay loam

4.3 Plant Nutrient Losses in the Watershed

Another challenge for the productivity in the watershed isalainsiderable amount of plant nutrients
was lost during the time of runoff. Analysis of sediment and ruraoffptes from the three monitoring
sites indicated that there was a significant amount of plantentgrimainly TN, NH4-N, N&N,

Available phosphorus é) and organic matter was lost associated with the sediment and runoff water.

For example the mean TN lost associated with the sedimentrotiyee months was 2.11:61,
1.4441.53 and 2.652.57 gkg' was from Melka, Kollu and Galessa monitoring sites respégtive
(Table 8). The loss of P associated in sediment and runoff water samplesaatbalienge for the crop
water productivity in the area. From the sample analyzed amgeef 0.306.16, 0.216.12 and
0.1040.09 g kg* associated with of sediment and 0.824, 0.229.14 and 0.208.17 g L* of
dissolved phosphate was lost in runoff only during the rainy seasorthewmatershed (MMS), KMS
and GMS (Table 8)Another challenge in the watershed is the loss of organic naaitierg the time of
runoff which plays a great role for the process of land degradatithe iwatershed. The loss of organic
carbon associated with the sediment was also a challengetamnabk land management of Meja
watershed. Based on the analysis the mean Organic carborw#sss31.8821.9, 2.32.0 and
10.9748.45 g k@' from Melka, Kollu and Galessa monitoring stations respectively (Table 8)ha@kia
serious detrimental effect on soil quality and productivity in bothrtsand long terms in which

threatening the food security of the local people. This iaumxin the process of erosion, loss of SOC
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leads to depletion of soil and other nutrients (N, P, K, S, Zn) assdaidth the organic fraction ((Lal,
1998).

As the soil organic matter level of the sediment obtained frenwiatershed was low, it can concluded
that the soil fertility status of Meja watershed is poor aadgets worse if not actions are taken. From
the data retrieved by a parallel study; this is worsened by the fadte¢haiajor part of the domestically
produced dungs and crop residues are used for fuel instead of soil @wrditbr compost.
Consequently; the productivity gets declined and now the farmers inaptigeat in the production
cost particularly for inorganic fertilizers which is the maperil for the livelihood of the farmers of the
study watershed.

Table 8 Nutrient lost associated with sediment and runoff analysis

Sample Total lost during the studygriod from in the watershed
Station | Code In Sediment (g/kg) Dissolved in runoff water (g/L)
TN NH4-N NOs-N P-ROs SOC NH-N NOs-N P-PQ
MD1 5.32 1.35 0.68 0.67 65.30 0.48 1.35 0.86
MD2 3.33 0.46 0.28 0.34 64.39 0.16 1.25 0.35
MD3 1.54 0.24 0.14 0.16 27.74 0.15 0.77 0.26
- MD4 1.32 0.37 0.15 0.23 26.49 0.19 0.87 0.48
% MD5 1.16 0.79 0.02 0.29 15.95 0.15 0.13 0.12
2 MD6+7 1.27 0.16 0.02 0.15 17.46 0.05 0.11 0.18
MD8+9 0.86 0.09 0.06 0.24 5.83 0.02 0.05 0.12
Mean 2.11+1.51  0.49+0.31 0.19+0.02  0.30+£0.16  31.88+21.9 | 0.17+0.14  0.651+0.51 0.34+0.24
Total 14.80 3.46 1.35 2.08 810.23 1.20 4.53 2.37
KD1 3.73 0.23 0.18 0.52 6.11 0.53 1.22 0.45
KD2 3.95 0.84 0.80 0.32 4.49 0.12 0.98 0.15
KD3 0.67 0.11 0.04 0.46 0.82 0.21 0.33 0.07
KD4 0.84 0.02 0.06 0.05 2.03 0.09 0.24 0.09
== KD5+6 0.38 0.07 0.01 0.01 0.26 0.08 0.12 0.03
MO KD7 0.34 0.03 0.01 0.06 0.23 0.06 0.02 0.02
KD8+9 0.17 0.02 0.01 0.02 0.24 0.03 0.01 0.01
Mean 1444153  0.2740.19  0.27+0.16  0.21+0.12 23420 | 0.16+0.06 0.46+025 0.22+0.14
Total 10.08 1.32 0.42 1.44 14.18 1.12 2.92 0.82
GD1 6.16 0.66 0.05 0.30 28.63 0.48 1.93 0.25
GD2 7.64 0.33 0.06 0.20 18.80 0.25 2.84 0.59
s GD3 1.88 0.24 0.02 0.12 12.17 0.15 0.88 0.22
5 GD4 0.83 0.08 0.03 0.01 6.79 0.19 0.21 0.17
po—
(B GD5 0.56 0.07 0.01 0.05 5.60 0.17 0.20 0.09
GDo6+7 0.94 0.01 0.02 0.03 1.21 0.05 0.03 0.04
GD8+9 0.53 0.09 0.01 0.02 3.58 0.03 0.03 0.01
Mean 2.65+2.57 021+ 0.2  0.03+0.02  0.10+£0.09 10974845 | 0.19+0.13  0.87+0.56  0.20+0.17
Total 18.54 1.48 0.20 0.73 76.78 1.32 6.12 1.37
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The statistical significance difference test in nutrient concentratiomgustations at 0.05 level of
significant showed that there is significant difference fosN,, TN and OC at Melka and Kollu
with that of Galessa (p-value=0.06). This means that there was greabmanahe amount and type
of nutrient losses from different sub catchment of the watershed. One possbtefogahe high TN
and OC level at Galessa than Kollu is the addition of manure from livestock théheispper
catchment for grazing. On the contrary the Ridge of Meja River togeitiethe cultivation of hilly
slope nature of the land aggravates the loss of sediments and fixed plant nutrientsidfius wzay
come due to the LULC of the lower part of the watershed. For example based on te¢idatd
from a parallel study (part of this project); the major crop type grown in the (owehe Ridge of
Meja River) and middle part of the watershed was wheat and Tef; on the other hamidpe sy
nature requires an intensive ploughing (3-4 times) and relatively high conicentfefertilizer rate
than other crops grown in the watershed.

4.3.1 Spatial and Temporal Variability of Nutrients Loss

As shown in Table 8, there is a variation in nutrient concentratisediment and runoff between the

stations.
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Figure 22 Spatial variability of major plant nutrient condesnra

Therefore such figures revealed that their composition and magnaried widely within the
watershed was due to several factors that needs farther anddd&daio come up the major control
variables for these differences among stations. So fathstilineanTN, NH;, NO;, Pav and OC losses
during the study rainy season was higher at Melka than Kollworstdtable 8) though it is no
statistically significant difference (P-value=0.005).

There was also temporal variation in the nutrient concentrationgdtiverrainy season regardless of

the stations. From the general trend in each station, highest aaticentvas at the start of the rainy
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season both in the sediment and runoff water (Figure 20). The maaticsiasignificance difference
test in nutrient concentration between sampling periods at 0.0ficsigoe level showed that there is
significant difference for N@and NH, in all the three stations (p-value=0.06) from the onset of July
(D1) to the mid of August (B). However, Rv and TN is a significant difference between sampling
periods at 0.05 level of significant (P-value=0.04), and OC (P-value=(ra®) was associated with
limited in supply. This is because in the watershed chemicalizers commonly urea and
diammonium phosphate (DAP) were being intensively used to grow txwppke farmer in their
agricultural fields at the time of sowing and unfortunately sargpivas started the time of crop

planting in the watershed.

900
800 —e—NH4 NO3
€ 700 In the figure a it is indicated that all
s —a—P205 TKN _ :
2 600 the nutrients concentration sharply
S 500 N decreases from D1 to D2 except TN
= . .
£ 400 which started }chne from D; to
g 300 D3. But after “the 3 decade the
S 200 concentration of all nutreints was
100 O\ decreased gradually which is may be
0 e — - related to supply limitation to wards
b1 g b3 b4 b5 D6+7 D8+3 the end of rainy season.
a sampling period (decade)
800 - Figure 18 b shows the temporal
_ —o— NH4 ) .
£ 700 - NO3 variation of nutrient in Galessa was
(o}
2 600 - P205 not yet sharp as Melka and Kollu
< . . .
2 s | TKN stations and this is most probably
‘E 400 - due to less supply of this nutrients
§ 300 4 at the upper sub catchment of this
S 0 - ‘\ monitoring  site  since it was
100 . o dominatley grazing land but still
0 . . . . . there was high concentration of TN
. b1 D‘ 03 b4 D5 D6+ D849 and NH; lost associated with
sampling period (decade) runoff.

Figure 23 Temporal variability of nutrient loss trends (a) at MMS, (b) at GMS

But when we see their quantity, the concentration of nitrogen mbiHly was higher than that of
phosphorous although both were the major important nutrient that weredapplicrops in the area in
the form of inorganic fertilizers (Table 8). This is due to tloliemical property or characteristics
against transport by runoff in which N (Mldnd NQ) are more mobile compared with that of P, so that

those nutrients are easy to transport by water through runoff pr@ddassgeweynet al, 2008).
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Similarly when we observe the nutrient concentration between the sediment anavateofidissolved
phosphate and nitrate were very high than ammonia due to the eadyityobf these nutrients, and
on the contrary ammonia is highly adsorbed by the soil colloids asilg galatile nature than nitrate
and phosphate (Lal, 1998). However the mean statistical test ake0d)wf significant showed that
there is no significant difference in all nutrient concentratiomfthe off set of August (D6) to the end
of sampling period (D9)(p-value=0.008).

Hence it is possible to conclude the loss of nutrient through runoftheashost potent form of land
degradation threatening sustainable agricultural production in Mejarshatl since the eroded
sediments and runoff was almost always accompanied by the eXmmtiment-bound nutrients and

organic matter.
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4.4Summary of Eroded Parameters and Scheming Variableis Erosion Process
Pearson's pair-wise correlation was used between all pabstioidependent and independent analyzed parameters in the jofoeess

variables are related linearly and to discriminate the bimsain terms of their relation strength in the process ofi@ro$he Sediment yield and associated

parameters from the three monitoring stations of the watershed agatpres Table 9.

Table 9Correlation matrix between eroded parameters asthdrge and catchment areas of the three stations

SSC(g/L) Q(m3/s) TN NH4-N  NO3-N  P-P205 SOM Clay (%) Silt(%) Sand (%)  Area (km2)
SSC(g/L) 0.59247* 0.4447  0.6542* 0.6542* 0.6439* 0.46408  0.82648* 0.7034* -0.89087**  0.4136151
Q(m3/s) 0.9872*  0.5576* 0.4396 0.308  0.57545* 0.73035* 0.7034* -0.50953*  0.8960504**
™ 0.0984* 0.8545* 0.7203* 0.99908* 0.53575* -0.0425 -0.34944  0.3659765
NH4-N 0.861**  0.7351* 0.99788* 0.54944* -0.0245 -0.36633  0.3578591
NO3-N 0.8503* 0.86042* 0.62943* 0.3525  -0.59287*  0.2270481
P-P205 0.72539* 0.61404* 0.5349* -0.66744*  0.1325782
SOM 0.56159* -0.0266 -0.37446  0.3831599
Clay (%) 0.4756  -0.90112*  0.5534643*
Silt (%) -0.78064*  -0.056166
Sand (%) -0.3433556

Area(km2)

*Correlation is significant at the 0.05 level.
*Correlation is significant at the 0.01 level.

Among those eroded parameters (Table 8), particle size oétlment soil is one of the parameters that explain part ofahation in SSC and SY. A
significant positive correlation (R0.826) is observed between SSC and % of Clay while it was strathlyiegative correlation to % of sand*€R0.89).
On the other hand, particle size of the catchment soil was @ paijt of the variation of SSC but it is not 100% which meansatiar catchment
characteristics and situations probably differ so that diffesediment yields was obtained for catchments of similar padize sediments. For example,
the mean solil textural class of the sediment collectecbbi ind Galessa sub catchment monitoring stations were Claydoahave different SSC. On
the other hand the correlation between Q and SY is found to hev@asinificant (R=0.59) which implies that Q is also an important parametertoext

particle size for SSC of runoff losses in /or from Meja watershed.

38



4.5 Cost of Erosion in the Watershed
This chapter contributes information on the livelihood impact of erositimettocal people as a result
of soil and nutrient losses along with runoff; since it will Beeaatial for decision making process on
taking or not taking any measurement actions from their econpsrgpectives for sustainable

watershed management.

As indicated insection 4.1a total of6812tons of sediment was lost from the watershed in three
months, but this can make sense only when translated to its incomeedihddd impacts. From the
average bulk density of the catchment soil (IWRD11) whichis 1.23 g/cm which means about 0.24
mm/ha depth of soil was lost only in one rainy season from Mej®rahed. On the other hand,
according to FAO, (1994) soil formation takes from 300 to 1000 yeaepkace 2.5 cm of lost topsoil.
Therefore, the local people must wait at least 7 to 9 yeaeverse this lost soil assuming erosion can
be stoppedHowever, due to the existing human activities in the watershedsspeculated that the
sediment yield in the area is likely to increase in future, &atording to Hurni (1993) finding on cost
of erosion in the highlands of Ethiopia, in economic terms of sedinosst these sediment was
estimated the loss of 1200-2260 birr/ha for the people of Meja watierShas; this result indicated
erosion has tremendous economical and environmental impacts both foeseatpand the future

survival of the local people of the watershed.

Computation of Cost value ofnutrient losses

Here for the purpose of calculating the onsite economic costosfoa, only inorganic form of
available nitrogen (NN and NQ-N) as a source of nitrogen fertilizer andOp as phosphorous
fertilizer both in the sediment and dissolved in runoff water wensidered based on the stchiometric
principles as per the following table.

Table 10Conversion factors for different forms of nutrients

Source of From To Multiply Total losses of N and ,Bs
loss by during the rainy period (Kg) at
Melka Kollu Galessa

Fixed NH4-N N 0.778 30126 1584 112
with NOsN N 0226 24352 848 18
sediment

P B.0Os 2.29 28846 972 500
Dissolved NH; N 0.824 10010 925 248
inrunoff . N 0.226 18437 1064 105
water

PO, P,Os 0.75 23124 459 269
Total N/ha* 9 17 3
average P20%ha* 6 5 3

For the average losses in three months in avail&nes from the catchments of each station
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Therefore economic analysis of erosion in Meja watershed is based ondghtgboévenue or profit to
the local people caused by this amount of nutrient change as taafesubsion. Here based on the
Jeldu district bureau of agriculture and rural development (2@dtgto Solanum tuberosunfor
Galessa and BarleyHprdeum vulgay for Kollu and Melka are the major crops for the upper sub
catchments of the stations.

Thusa partial economic or monetary valuation of nutrients loss assba@mtke sediments and runoff
as a consequence of erosion was based on the cost of Barlegtatald?d the yield were from the
calibrated curve developed (Figure 21 and 22) using the datdolgta Agricultural Research
Center (HARC); since this center is most preferable for this work becauseokpresentativeness in
terms of agro ecology and soil type. This is also because theps were harvested in this year and

the monitoring period of nutrient losses was assumed to be one complete growsomy sea

Table 11 Effects of N and P on Barley grain yield

N fertilizer Barley yield | P fertilizer Barley yield
(Kg/ha) (Kg/ha) (Kg/ha)  (Kg/ha) - 0516+ 53390+ 1209
0 824 0 824 3000 . .
0 884 0 1547
0 843 0 843 - 2500 v ¢ .
0 518 0 1670 £ 5000 A4
&b *
10 2148 10 1830 X 'S ‘
10 2469 10 1337 = 1500 <
10 1769 10 1197 = ‘
20 2426 10 1976 1000 &
20 2104 15 2172 500
20 1867 15 2424
23 1146 15 1744 0 . . -
23 1658 20 1898 0 20 40 60
23 2205 20 1483 . .
P fertilizer apllication rate (Kg/ha)
23 1665 20 2745
23 1403 20 2374
30 2049 30 2093 y = -0.412x" + 39.94x + 1129
30 2284 30 1521 3000 4 R? - 0.89
30 1902 30 2480 2500 ¢ @
46 2259 30 1693 ) Y . 4 $
£ 2000
46 1422 45 2005 &b ® L 4 “
¥ 1500 -
46 1403 45 2331 = § L 2
46 1854 45 1896 :a:a 1000
69 2457 500
69 1702
69 2238 0 ' ' ' !
69 1838 0 20 40 60 80
N fertilizer application rate (Kg/ha)

Source-Holeta agricultural research centarRC) - Research achievements in Barley, Getacheal, 2010

Figure 24 Yield response curve of barley with N and P fertiliades
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Table 12Effects of N and P on potato tuber yield

N Tuber P Tuber 50
application  yield(t/ha) | application yield(t/ha) T . y = -0.005x + 0.646x + 16.53
(kg/ha) = MO%O
0 11.5 0 18 S w : ®
0 15 0 14 E\ 20
20 24 30 32 8
20 18 30 31 ER
40 33 40 34 0 ' ' ' . . .
40 29 40 36 0 20 40 60 80 100 120
55 33 50 38 Rate of p application (kg/ha)
55 33 50 39

80 36 60 32 —~ 40

80 34 80 36 <, 0/‘/"\’

100 27 80 34 £ ® y =-0.001x2 + 0.309x + 16.15
= 2 R?=0.71

100 31 90 33 2 { 4

100 28 90 34 g

165 35 100 32 &, . . . .

165 35 100 34

0 50 100 150 200

N aplication rate (kg/ha)

Source-HARC- Root and tuber crop by merging froffedént plots, Gebremedhgt al, 2000
Figure 2%ield response curve of potato with N and P fexgits
Thus the optimum production or yield as per loss nutrients of eatbnsia determined when the
slope of the graph is zero using the exponential equation of
Y=@RDXHCo e Equation 6

Cptimum yieldis calculated at the slope of the
eraphis zero

field (t/ha)

I:l T T T 1

0 50 100 150 200
Fertilizer aplication rate(Kg/ha)

So that the total benefits that the farmers lost due to erosion can be calculated as
Lost benefit (ETB) = grain cost (ETB/kg) X Estimated optimum total grain yield (Kfost nutrient
Where the seed and tuber cost /kg was determined from the cuendat qorice (from Gojo town) and

it was 7.5 and 4.5 birr/kg of barley and potato tuber, respectively.
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The total amount of potential grain yield for each crop with this lost amount ofmistivas calculated
based on the above developed calibrated response curve equations fooedghes in each station.
For example from Melka monitoring site a total of 9 kg of d&\ftas lost during the rainy season and
then by assuming this fertilizer was applied for Barlegdprction, it was able to produce a total
amount of 32 kg/ha of barley. On the other hand in case of Galessanths a total amount of 3 kg of
N/ha was lost which implies that if we apply this fertilizerpotato field, farmers was able to ge0
kg/ha of potato tuberThe same procedure was used for P lost in the three statidrthia can be
summarized in the following table for each site and fertilizer for eaclm&ssgrown crops

Table 13 Estimated monitory values of available nutrient lost due to erosion irstidiieas

Monitori Total lost Estimated optimum total Assumed Seed and/or | Subtotal lost
ng station | fertilizers(kg/ha) | grain and/or tuber yield crop tuber cost benefit

(kg) /ha with lost (ETB*/ kg) (ETB*)/ha

N P N P

N P
Melka 9 6 32 47 Barley 7.50 240 356
Kollu 17 5 25 43 Barley 7.50 187 323
Galessa | 3 3 210 340 Potato 4.50 945 1530

* Ethiopian 17.85 birr = US$ 1

Hence when we scale up this catastrophe in to the watershed théss has been noted to reduce
income of farmer’s of 595 birr/ha because of only N and P nutriesédothrough erosion process
from Meja watershed. Similarly farmers could lose 510 and 2475rbm Kollu and Galesssa sub
catchments respectively in the watershed as a result of ersipnn one particular rainy season.
From Table 13 higher cost of erosion was at Galessa than Kbile thie nutrient concentration lost
was higher at Kollu so that erosion was more catastrophic inpiber catchments of Galessa because
of its sensitivity in terms of production and market values of the type though it needs farther
investigations. Thus, it is possible to conclude that the economic snpaarosion through the
depletion of plant nutrients have profound implications in the current lhasvihe future survival of

the people which adds another stress on insufficient food production to the poor of Mejhedaters

Yet; it is also possible estimating the cost of soil erosidviefa watershed based on tReplacement

Cost Approach (RCA) though itsuffers from some inherent limitations which should be considered

on a case by case basis such as the Agro ecology and landemanagonditionsAnyhow it also

possible examines the economic crisis by assigning the mowvelans of these depleted major plant

nutrients as a result of erosion in the watershed. The value of tientaiis typically calculated as the
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cost of purchasing a quantity of chemical fertilizer with aiiant content equivalent to the quantity
lost. It means that the nutrient losses associated with tssoarfrom the three monitoring stations
were translated into equivalent quantities of inorganic fertilizengrogen (N) and phosphorous (P) —
lost associated with sediment and runoff water during the g&mtlyparticularly the rainy) period. The
cost of replacing these equivalent fertilizer losses were\thkied in terms current fertilizer prices by

assuming that N was replaced by urea and that of P is by DAP commaetiiaéfe

So that based on the data obtained from the sediment and runoffawalgsis at Melka monitoring
station (out let of the watershed); a totaléokg/ha of POs was lost from Meja watershed which is
equivalent to 0.03 quintal/ha of DAP (i.e. DAP contain 20% of P and 18BH aihd 9 kg/ha of N
which is equivalent to 0.02 quintal/ha of Urea (46% is N in Urea)rercial fertilizerThus from the
cost of fertilizer got from the Beauro of agriculture andIrdewelopment of the study district, the cost
of DAP and Urea fertilizer was 1250 and 1080 birr/quintal respegtiVdien it means that farmers
lost32and21 ETB /ha (through the loss of P and N plant nutrients respectivélgja watershed as a
result of erosion. Here even though the cost of erosion calculategl GBIA is by far greater than
RCA, it revealed that there was still greater economsgiscbecause of erosion which adds stress on

their survival and wellbeing both at the present and for the future of the local peoplewatettsined.

One more out of sight but most significant economic loss of eroridhei watershed was loss of
runoff water. For example only during the rainy period (almoshiaet monthsP4.9 billion m* of
water was lost from Meja watershed in the form of runoff whichéhpotential to irrigate a sizeable ha
of land, so that one could understand the valuable benefits gainedhierdaf this water was used

during dry season through water harvesting technologies though it needs dsitalltiestudy.

Unfortunately, the application of these approaches to estimating-ieearost of soil erosion through
nutrient loss estimation is only straight forward that legdsring other very important costs lost with
erosion that were not consider; mainly SOC and TN. This is beddetachewet al (2010) and
Gebremedhiret al (2000) indicated that mixing application of N and P fertilizehwitanure/compost
give a better yield than sole application of NP fertilizerdibotBarley and potato production. So, if
OC and TN loss were consider in the calculation; the esting@domic crisis of erosion would be
much greater than the above estimated amount.

Here, even though the methodologies for measuring off-site codfsel.present value of any external
costs arising from sedimentation and other downstream impacts mnbnenental was not

investigated in this paper. This also another crisis of erositheihighlands and the basin that needs
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farther and detail feasibility studies, the researcher beligvat this lost was also another economic
worth of erosion that hinder the poor farmers to unfetter from povEnerefore for better economic
analysis of erosion in the study watershed and similar arethe difasin, the researcher believed that
the economic aspects of erosion should be detailed analyzed and theto @oocomclusion of the cost
and benefit analysis of any watershed management interventinos ifsis not a costless exercise) in

Meja watershed in particular and Abay basin in general.
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S CONCLUSION AND RECOMMENDATION

5.1 Conclusion

In general accelerated erosion in the form of sediment and sedané plant nutrient loss pose a
serious threat to land management sustainability and crop water jvitductMeja watershed due to
natural and anthropogenic factors. The loss of sediment associ#tedinaff during theainy season
was one of the challenges for sustainable crop-water productivity boternmstof its sediment and

runoff water quality.

From the general observation; both SSC and SY there were higli&pleaboth in temporal and

spatial situations. The general trend is lower towards the end of the rasioy seall the three stations
while the spatial distribution of sediment loss showed that ther lame middle part of the watershed
was relatively severed than the upper catchments of Galesgtiidias higher SSY. Particle size of
the sediment has a strongly correlated to almost all sedimemheters either positively or negatively;

e.g. (F=0.826) between SSC and % of Clay while a strong negative correlation to % of'sahi@%).

Analysis of sediment and runoff samples indicated that there wsigndicant amount of plant
nutrients mainly TN, NR&N, NOs-N, available phosphorus (Pav) and organic matter was lost.
Nutrients concentration varies among monitoring stations dependifg &tJLC in which Melka has

the highest nutrient loss per unit area for TKN, Pav, NH4 and, M@Oere as highest OC loss at

Galessa.

All the data regarding to the loss of sediment and associatet mpi&rients during the rainy period
indicated that the Ridge of Meja River along with the middle parthe watershed was the most
critical source areas; though it needs further detail investigation @attiement properties in terms of
the complex interaction of multiple natural and anthropogenic factors.

Finally; the economic effect of erosion dueth@ loss of plant nutrients of NP revealed that it had
greater economic stress on the survival and wellbeing for the peafpldsja watershed and in the
country.Thus this result indicated erosion has tremendous economical and envitainmeacts both
for the present and the future survival of the local people of theshatt and in the basin. This is
because the study watershed was fateful at the head of the(Atihy) basin where there is an
intensive economic activity held in the country; so that there @ many off-site impacts of

erosion that result from runoff and sedimentation process in Meja watershed.
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5.2 Recommendations and out looks

Based on available data on sediment and nutrient loss in this she¥gfore beneficiaries, who
involved in planning, design and environmental related activities in Mafjarshed and similar areas
in the basin, the researcher recommend the following actions shouddkére tb have a sustainable

watershed.

& Any interventions and prescribing solutions better to give pridotythose erosion prone
indentified areas in the study watershed and when erosion is mpaedbas i.e. at the
beginning of the rainy season,;

& Runoff water harvesting should be an opportunity for enhancing rvedihbods and food
security and at the same time minimize the risk of erosion in the watershéduk drasin;

& Nutrient loss should give due attention along with soil loss througheaess creation for land
users in any watershed management interventionssinmultaneously reverse the land
degradation

& The data can also be used to calibrate, validate, and evalaakelsnio provide valuable
information in evaluating land management alternatives to help foidtiens for land
degradation of the watershed; and

& Further work is therefore needed to determine the dynamic Wwateresponse of runoff and
erosion process to specify different land use scenario espdoiakgucalyptus plantations on

their land.
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{ APPENDIX

Appendix 1Discharg-depth rating curve of the three monitoring stations based only for theseasp!
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Appendix 2-Dissolved Nt;-N, NOs-N and PQ-P analyss usingUV-Spectrophotometer
Parameter 1: Dissolved Ammonia ( NH3-N)
Method: Phenate method (UV-Spectrophotometer)
ome ] ] ] ] [ »{ 2pPm
B - » 1.5ppm

+7 lppm

v aeqa |

Absorbanca

warz" |

» 0.25 ppm

-0z |

—0.E13 T T T T
AE0_ D 300 100 L:1:1 M TTFO.D BE0.0

veavslangth{Manomoter}

standard calibration curve for INHs at 640 nm

2
=
£ 15 y = 0.910%+0.005
= 4 R2= 0.999
_.g

Wiact) Pt e oottt Mot o § 0.5
=

aoom 1w w1 I < 0 ' I '

0 1 2 3

Concentration (mg/L) 52



Parameter 2: Dissolved Nitrate (NQ-N)
Method: UV-Spectrophotometer
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Appendix 3-Runoff Sediment filtering at Ambo University Laboratory

Appendix 4Kjeldahl digestion antlV-Spectrophotometer reading of samples
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