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AIlSTllACT 

111111/011 al,enl/iolls o/Ialld II.\(' (ll/d cOl'er are respollsiblc Jor diffcrclII JOJ"/lIS of soil dcgmdmiol/, 

711('n{or(', il is wis(' 10 l'.lplai" l'.l"Olic Iree (e. Globules) 1I/01/0clIl'l/re p/(IIII(l/ioll eflects Oil laud 

prudirelll'ily. To iun'!;ti)!ate thi:.' proccs:.' ill deplh, OrOll/ill rcgioll spl'cial =olle SIllTOlllldillg Addis 

;!haha IVolmcra District, where excl'ssil'l' lalld lise mrimiolls (llId erosion el'ellls hm'c ojiell 

OC('/lIT('(I, was selecled a,5 lite sllldy (lr('(I, 71lc objcclil'(: of Ihe sllId), was 10 delermine I"e effects 

or l'IICIII,I'PIIl,\' plalltalioll 01/ soil pl'Operli('.~. soil erodihililY alld illl'esliWllc lite re/mionsilips 

({mfJlIg suil PI'O/INlies alld erodihilil\ ' il/dicc.l', Dllplicmc ,w il s(l lI/ples (// ,!tree deplhs, O·lO, 20·40 

(llId -10·60 CI/I, werc lakclI /Ising ,)la,\lic b(l~:" al/d sleei cylillders IIlIder e/lCa~I 'I}{IIS plalltafion (jIltl 

JllllipcrII,ms stalld from jil'e pil:" Jar c(fch S/(/Ild. Soil parlic/e si:e dislribllliOIl. blllk (Jellsil),. 

moiM/we COI/ICII/, ph, cel'. p. II, alii, alltl clay rlllio il/dl'x were delerll/illed. Data IrerC' 1II1a/y=ell hy 

/lsillg spss, pearsoll corre/mioll tlllflly.\'is (til 95% alld 99% significallce lel'C'J), II/fllIIHdlilltey /I 

le:"1 (1/ 95 "" ,\'iglll{icallcc lel'el fllld rahle uf descripliI'(' SllIlislic:.' /lsillg spss. Accordillg 10 sllIdy 

1'(',\ld,s, 1/IOIIO('lIlll1/'e p/tllllmiull o( cllralY"lIls ({{fecls SOIll(, properlil s of soils siglliJictll/l/)', Til(' 

.1'111(/1 ' rCSillis ShOII'Cl/ "WI ,hcre were .l'igll!/ictlilt differell('e,~ ill soil pit. clay, (II/(/ s(llld parliclcs 

III/tier Jllllil,el"llS joresl alit! ellclt/y/JI 1,lalllalioll (1'< 0,05). PeflrSOIl corre/alioll al/alysi,f r('.~IIIIS 

.\ilollwl SiglliJicwlI corre/(I(;ons (lII/Ollg erodibility indicC's lIlId cerWin soil propertiC's .wcl/ liS 

organic /l1lI1/t!/", so;/lIIo;sllll'(,. sill, clay and .wllt/fi'action oJsoils (p< 0.05 (llId p < O,OJ), JIIl/ecll 

/up .mils were sellsil;"e 10 erosiOIl (lccordil/g 10 till cia)' rlllio erodibililY indicC's, 'he more 

Il' II,lilil '£, \"Oils II"l're 11/ l'ucafI1J111.I' plalllalioll. 

Kl~) ' lI 'ords: Ellcal)PIII:J. JUlliperus, Soil Physicochemical Propel"ie~', Erodihility 
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C HA PTER ONE 

I. INTlWDUCTION 

1.1. Backgrollnd 

llulll:ln al terations of land usc and cover afC responsible fo r different forills of soil 

degradation such as soil erosion. compaction, 10\\ organic m<1l1 er. and loss of soil 

:-. truCIUl'l', poor internal dra inage. salinity, and soil acidit y problems. 

In hi story. for one or other reasons. human society began 10 practice establi shing artificial 

forest ecosystems. In Ethiopia. past decades (alicf 19705) have experience introduction of 

E IICflh 'IJIII.\ plantations in response to fuel and construction needs. wi thollt focusing on 

Ih\: impaCIS or c:'\Olic trees species on ecolog ical services. such as habitat protection. 

biodiversity pn.:scr";l1ion, soil formation. Ilutrient recycling. and cont rol of water and air 

pollution wer!.! rar!.!l y considered (Dixon <1nd Sherman. 1991). EIfCalnJllIS (Bahirzaf) is 

1I10st coml1lon ly known !.!xotic tree. which was int entionally plantcd throughout the 

coulltry. howcver the prominent area of the introduction has been taking place in the 

EIII OIo mountain areas. (Davison. 2009: Gebremariam and BinI. 1998: and EWNHS. 

1996). 

Studics on the link between trccs and Ihc conserva tion of natural resources arc. however. 

argue th<11 plant physiology may positi vely or negatively cont ribute to soil conservation 

(Krut ill;!. 1967 Dixon and Sherman. 1991). Some studies attribute the positive 

cOlllribulion of Ir!.!es to na tural resources in rclation to soil and waler conservation. 

F;lieyi1ll11 and Akinycmi (201 0). for instance. considered the conl ribUlion of lrccs to soil 



conservation attached wilh reducing soil erOSion. increasing soil orgallic matter, 

improving soil structure and ass isting nutrient cycl ing. Trees can control landscape 

processes, even though it takes long time in compari son with others. like crops. Trees 

rl:cyc lt nutri ent s by taking them from depth through thei r roots then deposili ng them 

biochemicall y throu ghoullheir biomass and latl:r release them to Ihe soil surface as liner. 

which thtn decomposes to form soil organic mailer. Trtes belongs famil y Legll/JIillosae 

can evell fix at mosphe ric nitrogen, in harmoni zation wi th soil microorgani sms. By doing 

so. th<.'y play a non rep laceable role fo r soil ferlility. 

In general. plants al so have cont ribution to water conservation by inc reasing rate or 

percolatioll. by reducing the speed of surrace now and by reduci ng evaporation. But on 

th e oth!.::r hand they negativcl y affec t soil water through evapo·lranspira tion. al difrerent 

bd~ ill m.:cordiJllce wit h vegetation type. According to Cheng and Shi (2004). research 

on dirrerent rorest types. indicated that shrub forest had the best effect on water resource 

conserV;lIion and recharge while mixed broadlenf-eonifer fo rest and broad- lear fo rest had 

beller effect and Phy l/osltlchys pllpescellS rarest had the worst erfect. 

On the olher hand , plan ls also rtmo\,c soi l minera ls in different amouni from species to 

species and Illa y negatively cont ribut e to mineral economy of soil. This has led to the 

contemporary view that plant ph ys io logy and ceo-physio logy may positively or 

negativel y contribute to soi l conservation. 

As far as nature is interactive. \\ ithoul doubt. the cxistence of wate r nnd wind causes soil 

eros ion resulting in the rno\"tll1enl of solid particles from one place to other (Julien. 

20 I 0). Hence. erosion is a natural process that causes breakdown of soil aggregates and 

2 



accelerates the removal of o rganic and mineral material s (G ill ey. 2005). but the exte11l is 

de termi ned by prevai ling naillral and a11lhropogenic factors. One of the fac tors. which 

nlTect magnitude of crosion. is soil erodib ility. represented by K. and defined as an 

estimate or the abil ity of ~oil s 10 res ist erosion. based on the physical characte ristics of 

the soi l (Gupta. el al .. 2006). However. accordi ng to Veihe (2002). the so il erodibili ty 

1:lctor is afTected by diffen:nt soil propenies beside 10 physic:11 :1lso chcmical. biolog ical. 

and minera logical properties. 

EllcalypllIS. due to its fast growth rate and wi de adaptabilit y to pre vai ling ell vironmen tal 

conditions. was planted wi thout any co ncerll about its illlpact on soil deterioration and 

ha rm to ground water. Moreove r, there arc no in-depth d iagnostic stud ies or comparative 

case stud ies that assess Ihe problems and consequences of EI/Ca~\"pllfs 011 so il and waleI' 

con:'l.:n atiull in Ethiopia. especia ll y al Wohncra Dis1rict. Thi s silldy thus allernpts to 

examinc the effec ts of £I/C(J~)1JIIfS on so il and wa ter conserva tion in the Wolmera District. 

through cxam in ing soil phys icochemical properties along soil pro file. In:e interval s and 

erodibilit y. and thorough looking Ihe inleracli ve re lation betwcen Ihose parameters. 

1.2. Statemcllt of the l)roble ll1 

From East Africa. Ethiopi a is the prominent country which relati vely has the largest land 

area occupied by £IIC(/~\"PII IS (Dessie and Erkossa. 20 II). Te ke ta y (2000) found out Ihat 

there arc abou t 55 species of Ellcal)1J/lls in the c01l11lry from which £. Globllllls is by far 

the mosl cOl11monl y Llsed specics. Thereforc an in-depth investi gation is needed to 

miti gatc fu rt her expansion and dcteriorat ion. 

J 



Soil eros ion IS a major environmental problem worldwide. About 85% of bnd 

degrad;lIion in the \\orld is associated wilh soi l erosion. causing a 17% reduction in crop 

producli\ity (Oldeman el al .. 1990). Erodibility is among fac tors thai determine rate and 

i11lell!'ity of soil. with refen.:nce 10 inherent soil property. The texllIre (clay. silt. and sand 

contcnt) of a soil deri ves from that of the true parent material. and has a major effect on 

the structure and drainage of the hori.wns below the topsoil. In the uppermost horil.ons 

the effects of texture and structure afe generally modified to a grea ter or lesser e.x tel1t by 

the prl.!5CnCe of hi ghe r organic mailer conten ts. Organ ic mailer is one of most importan t 

~oil parameter~. which affects both physical and chemical properties of soi l. The rate at 

\\ hich litter decomposes to organic mailer is affected by the ratio of carbon to nitrogen in 

the so il (Faleyi mll and Akinycmi. 2010). 

Vq;\':wlivc cover reduces detachmen t by intercepting raindrops and di ssipati ng their 

energy. In addition , surface vegeta tion and resid ue act as dams that slow water now and 

promote deposition, so vegetation and canopy struc ture arc cruc ial fo r minimization of 

erosioll. The author argues that impact of' 1l10nocultllrc plan tation on soil and water is not 

the only accou ntable bu\. al so the nature of the plant ings (whether in open mi.xed stands 

or in closed 1ll0nocul1ure blocks), and how they are managed. 

Fetellc and Beeck (2004) came up with a conclusion that Elfca/ypllls is more effic icnt in 

water usc than other tree species. Poore ;Ind Fries (1985) ind icatcd that EllcalJPllls 

transpires Illore watcr over the whole year than other trees. 111 case of water st ress 

ho\\e\er the tree species react quite differentl y which results in other figures concerning 

the water usc. It is also found thai ElIca(\]Jllls must have 1110rc water o therwise they 

would die of water shortage during water stress situations. Fritzsc he el al. (2006) showed 
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Ihat the effect o f Ellca/)1)1/ls on the wa ler cycle secms to be mainl y caused by il s (ooling 

system. However. il is not clea r how much it impacts water availabil ity for indigenous 

trt:cs due to the competition Ihey have over water. 

Studies on the imp:lct of Ellca/yplIIs on the soil conserv:ltion focus on Ih e nutrient 

composition. soil physical properties and dea l in dcpth on soi l erodib ility. 

A sU11llllaril.ed li st of argumenls 011 EIICa~) 'PfI IS by Dessie and Erkossa (20 II ) shows, a 

few major points agai nst the Eucalyptlls whi ch include: drai ns Wa le I' resources: enhanccs 

... oil r.:ros ion: supprr.:s$es undergrowth: dep letes soil nut rients and introduces alle lopathic 

ellec ls. 

The argulllen ts supporting EIICa~11Jtlls include: I) it is a fast growing tree 2) it req uires 

mini mum care 3) it g rows in wide ecological zoncs and poor env ironmcnts 4) it coppices 

:I1'11:r ha rwsl 5) it res ists l'IlVirOlltllenlal stress and di seases 6) Ihe seeds are easy 10 col lec t. 

~ Iorr.: and no pre-sowing treatmenl is required. In Ihis connect ion , Davi dson ( 1989). Slales 

that there is no ev idence that Ellcal)1J/11S trees wou ld be less e ffective in prevenling 

nutrient and soi l losses via erosion than olher trees. Because there are no studies avai lable 

Ihat di rectl y com pare thc effec ti veness of different tree spec ies on erosion rcduction , 

r.: <; peciall y E. globul us wi th other indigenous such as J. procera. the study al so a!tempts to 

reveal Ihi s iss lle. By fare. very little information is avai lable on th e rclationship of soi l 

e ros ion indcx wilh variolls soil charactcristics in the study area. 

1.3. Ra tiona le for the Stlld~p 

The ract that the slud y is sile- spec ifl c is believed to make it a va luable contribution to the 

much- needed but very scarce loca l-level und e(standing 011 the impacI of Ellca/JPflls 
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plalllillions on resource conservation in productive arca of Wolmera. Spccies val)' widely 

in their inherent nutrient requiremen ts and lise. According to FAO (1988), the nutrie nt 

n':llloval of natural forest is 20 times lower than frolll a EU{'O /yp llls plantation. Because 

Euca~\"plus is fil st growing tree. it has short life rotation: nutrient removal from the site is 

higher. because of frequellt harvesting. than those tree species having long life time. Evcn 

though man y resea rchers dealt ove r on the im pact of plantatiolls on soil nutrient eco nomy 

and put there hypothetical assumption. for instan ce Lundgren (1978). from hi s 

comparative study on so il under conifer plantation and natural forest in Tanzania, 

generall y argued that a reduction in soil nutrien ts poss ibl y occurred due to nutrie1ll drain 

th rough harvest remova ls of conifer plantation in 30 years rotation . 

1 A. Ill'sea rd. Qllcslion 

The study tries to answer the fo llowing questions: 

Arc there difTerences on soi l ph ysical as well as chemical properties under EI/(:alypfw; 

11l011oculture and JUlliperus forest'! 

Do soil ph ysicochemical propert ies significantl y vary with depth und er E. globu les and J. 

procera'! 

Is there variation in soil erodibility indices IInder E. g lobules and J. procc ra'! 

Do so il erod ibilit y indi ces have relation with soil physiochemical properties? 

What will be th e poss ible solution Ihm can resolve the impact of Ellca/yplfls plantations 

on resource conservat ion '! 
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1.5. Objecli vl's of the Study 

The major objective of thi s stud y is to assess the impact of Ellcal) ]JfIIs on soil property 

and so il erodibili ty in the hi ghland area of Wolrnera . [n line with thi s ge neral objective. 

th e speci fi c objectives arc to : 

7 

, Examine the phys icochemical properties of soil Jllllip(!I"IIS fores!. and Ellc{/lypfIIs 

monoculture: 

;. Assess and qua11lify soil erodibi lity in the highland of Wolmera und er those land 

uses in order to proof or d isproof effect of Ellcalyptlls on soil e rosion: 

;. Assess their impact along so il profil e: 

~ Try to find ou t the relationships among soil phys iochemical properties and 

erodib ili ty indices: 

:,.... Forward possible solutions. if E. globules ha ve a negative impact. which enables 

10 resolve the challenges. 



C haple r I\VO 

2. LITERAT URE REVIEW 

2. 1. '-lislory of £ IIC(l()'fJIIIS Pl a llt ~ltion in Ethiopiu 

In Elhiopia intention of establishing plantation using exotic tree, gellus EIICflIYfl1IfS. was 

tri ggered by resource limita tion thai rcsll1t~d from ovcrcxploitation 011 indigenous tree 

species for the sake o f fulfilling needs. fuel and constnlction wood. of increasing 

population in newly establi shed capital cit y of Ethiopia. Addis Ababa. For th e first lime 

planting was done on En10to 1\I\01l11lain. thorough dec ision of Emperor M cnilck II (1 868· 

(907). ( Dcssic and Erkossa . 2011). From that tillle onward pbnting EucalYPfIIs, without 

lilllit throughou t Ihe cO llmry. practice by pri vate and govcnlll1cllwl organi z~ltiolls. and 

fac ilitated by diflcrcnt donors. The rapid expansion of state forest established on Entoto 

reached Addi s Ababa surrounding special zone. inCluding th e stud y site Wolmera 

Districl. 

Indeed. ElicalyplI ls is not the onl y exotic spec ies th at was planted in Ethiopia but. al so 

othe rs such as Cupressw; IlIsiwllica. Casllarilla cl/I/I/;/Igl/{/lIliallo. Pill/IS pall/la and Pill/IS 

rad;afa. Some of the features that make EllcalYPfIIs more preferable arc it s fast growth 

rate. capabi lity of surviving on margina l environments and coppice regeneration from the 

stu mp afier Clit on'. For those reasons the planting was rapid. according to Dcss ic and 

Erkossa (201 I). ElIc(/~, rpflIS fo rest cove r total area is 506000 Ila in Ethiopia. whic h is a 

figure by far Ihe highest in East Africa. 
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2.1. I.Challcngcs of ElIc(llypllls 

The argument on EucalYfJllls came from it s irreplaccablc soc io-eco nomic va lue and 

undcfincd impact on thc e llvironlllcnl. Many sc holars dealt wit h the impact of Eucalyptlls 

on e nvironmcnt. in re lat ion to wuler resources. difTerent rcsearch report s show that \\ ater 

use capac ity ( \V UC). amount o f water used to producc one gram of g lucose. o f 

Eucalyptlls is re latively high (Zahid et al .. 20 10). Annual amount o fc vapotranspirat io n. 

result achicved from mcasuremcnt on Acacia, ;llh;==;o. A=ad;rachta and Eucalyptl/s. 

show much greater water lost from Eucalyptus. Other studies indicate amount of water 

loss by these spec ies vary depending on the availabilit y o f wat er and ages of plantation. 

Figure 1 Eucalyptus plantation 

9 



Accord ing to Tila shwork (2009) . in addition to lowering Ihe soi l moi sture contcnt bOlh by 

its dense rOOI system and by making the soil hydrophobic it reduces productivi ty of soil. 

enhances soil erosion. suppresses undergrowth. depletcs soil nutricn ts ~lIld imroduces 

allclopathic effects 

T .;O( 

• ":'Q{ , 
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.' -,- '20( 

, 
~ -~ · . ·) o( 
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Y,.. it . , """t';; r··r,., · ... · .•. I ~ •• 

Fig ll I'C 2 Walc r 1"l' (11I ircmclll s of Iwo cvcrl,:l'cclI sllcl'ics 

2.2. Soil Phys icochcmicOlI Ocgnldalioll 

Soil eros ion is a process inherent in landscape evohJlion. The intensity of soil erosion is 

governed by numerous ml1 ural and aruhropogenic factors. Na tural facto rs include soil. 

cli mate. vegetation. relicf and other ceo-regiona l charac tcristics (Lal. 1996). Soils arc 

more exposed to erosion for different reasons: inappropriate agricultural practices. 

deforestation. overgrazing. forest lires. and cOJ1stntction activit ics (Terranova ef (I/.. 

2009). Erosion process has both on-site and ofT-s ite consequences. On -s ite conseq uences 

results in Ihe loss of producti ve topsoil and o ther phys ical and c hemical consequences. 
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Furthermore. ofT-site problems. such as downstream sedimen t deposi tion in ficlds. 

floodplain s <lnd watcr bodies. arc al so very serious. wit h significant costs to society 

(Vcrspccht el af .. 201 1). Land dcgradation may be defined <IS long- term <ldversc changes 

in soi l properties and processes. lcadi ng 10 a loss or ecosystcm runction and producti vi ty 

caused by di slurbnnces from which land cannOI recovcr unaided (13ai CI al .. 2008: Palm el 

af. . 2007). Through sllch changes in soil propen ics and processes. soil dcgradat ion 

undermincs the sustainability of many of the ecosystcm scrviccs (Palm er af .. 2007). 

Among the kInds of dcgradation . Sa i er al. (2008) list waler cros ion. wi nd crOS lon, 

nUlriclll depiction. sa lini ty. and contamination. physica l as the principal ones. Among 

them. wa ter erosion is responsib le by Illorc than a half of thc degr<lded land along world 

and a lso in SOllth America. SOllth Amcrican contincnt is a rcgion with particular an d 

exprcssive areas presenting hi gh or very hi gh vulnerability for waleI' erosion. 

2.2.1. Phys ica l DcgnHlat ioli 

Ph ys ical so il degradat ion inclU(ies degradati on of so il structu rc. c rusting. compaction. and 

erosion. Onc o r the properties of soil whcreby phys ical land degradation can be observed 

and studicd in thi s rcsenrch work is soil compaction (bulk densi ty). Bulk dcnsity is a 

measure o r the mass of so il per unit volume. \Vhen soil parti cles arc pushed closc 

toge ther. inc reasing th e mass pcr unit volume. the so il is compactcd. The major problem 

ror plants at high soi l densities is difficulty ill root extcnsion. because plants do not 

rcadily push their roots throllgh dense soil. \Vater flow through compacted so il s is al so 

restricted because the number of large pores is reduced. Soi l compaction occurs when a 

weig ht on the soi l surface rearranges the soi l panicles. The weight is transmitted through 

the so il to a depth at whic h Ihe p:uticlcs support the load . The total load and the load pCI' 
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unit area arc the malll factors inOuencing the soil be ha vior. The dominant soi l factor 

inOucnc ing compaction is the soil water COlllcnt at the time the soil is loaded. As the soil 

\\ater content increases. the density of the compacted soi l increases up 10 a rna.ximum and 

then decreases. Dry soi l particles do nOt readi ly slide or rollover one another. Water 

reduces friction and enhances movement. This docs nOI continue beyond a ma ximum 

because wa ter cannot be comp ressed; it lakes up space. At water content Ilear saturation . 

the particles arc pushed com pletely apart by the positive pore wa ter pressure. causi ng th e 

soil to lose strength completely. (\Voldegiorgis, 2007). 

T ab llt I G l' II l' ra1 r ci:t1iollshil) o r soil bulk dC II S il~' to root grew th based 0 11 soill cx tu n '. 
-

Soi l Tex tu re Ideal bulk densi ties Bulk densitit:s that restri ct 

for plant growth (glCIll)) rOOt growth (giCIll)) 

Sandy < 1.60 > 1.80 

Si lty < 1.40 > 1.65 

i Clay 
< I. [0 > 1.47 

2.2.2. C hemica l Degrada tion 

Chemical degradation of soil includes acidification. salin ization. nnd nut rient and fertili ty 

deplet ion of land. Organic matter imp roves soi l nutrient content and structuTe . The 

amount of organic mailer contribu ted by trees is affected by: Ihe volume of foliage 

dropped : the qua lity of foliage dropped: the additions from the roots: and tTees species. 
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The organic mailer conten t in a soil affects the activities of mic robes. which in turn ha ve 

vi tal role in making nutrients availablc for plants. Moreo\ cr. organic mailer content 

strongly affects thc physica l propcrties of soil including soi l structure. bulk density. and 

perce nt pore space and wa ter infihratioll capaci ty. So il organic mailer is derivcd from the 

decayed tissue of plants and animal s, and from animal excreta . particu larly urine (Ngugi 

elo/" 1978). Soil organic mailer has tremendous advantagcs in thc improvement of soil 

physica l, chemical and biological properties. Soi l organic mailer slabi li/cs soi l structure. 

improves water holding capaci ty. lowers bulk density, increases CEC. acts as a I' ll 

buffe r. tics up metal s. supplies energy and body building constitllen ts for soil organ isms. 

increases microb ial population and thei l' acti vities. (Woldegiorgis. 2007). 

Organic mallc r (humus) contained in the surface laye r of a mineral soil usually varies 

bet\\ ccn 1 and 10 %t. dcpcnding on cl imatic and drai nage conditions. (ll aco. 1985). On 

:l\ erage thi s organic matter contains 58 % carbon. 5 % ni trogen (eIN: 11.6). 0.5 % 

phosphorus. and 0.5 % sulfur. Thus. convers ion of pe rcent carbon to percell t organic 

mailer is. therefore. done \\ ilh Ihc em pirical factor of 1.724. which is obtained by 

dividing 100 by 58. Organic maHer content ofa soil could also be roughl y es timalCd from 

tbe total nitrogen content of soil by mu lt ipl ying Ibe percen! total nitrogen by 20 by 

a:.sumi ng organ ic mailer con tains 5 % nitroge n. (Sahlemedihin and Tayc. 2000) . 

Cation exchange capacity is also cruei:11 in the dctennin:lIion of so il fertility for two 

fundamental reasons (Olaitan el 01 .. 1996). The fi rst rcason is that Ibe total quanti ties of 

nu trients available 10 plants as exchangeable cations depend on it. 
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The second reason is that it can innuenee the degree to which hydrogen and aluminum 

iOlls occupy th~ exchange complex. and thus affec ts the pH of soil s. 

Ta blc 2 Ratin g of O rganir Mall cl' 

Rating Percent organic mallcr 

Very High >6.0 

J il gb 43·6.0 

Medium 2. 1-4.2 

Low 1.0·2.0 

I 
Very low < 1.0 

.. Source. !I.leo (1985) 

2.3. Soil erosion 

Soil erosion is a process of carried off soi l particles by water or wind from a place of 

formation and deposited somewhere clsc. Soil erosion increased throughout the 20th 

century. Abou t 85% of land degradation In the world is associated with soil crosion. most 

of which occurred since the end of World War II. causing a J 7% reduction in crop 

productivity (Oldeman ct aI., 1990). 

Soil erosion has accelerated all most of the world. especially in developing countries. due 

to different soc ia-economic, demographic factors and limited resources. For instance, 

Rell si ng el al. (2000) mentioned thai !ncreasmg population. deforestation. land 

cultivation. uneol1lrol1cd grazing and higher dcmand for fire often callSc soil erosion. 
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The impact of so il erosion can be worst in devctoping countries wherc fa rmcrs arc highl y 

dependent on intrinsic land proprieties and unabl e to improve soil fertili ty through 

appli ca ti on of purchased in puts. In Eth iopian highlands only, an annual soil loss reaches 

to 200 - 300 ton per hectare , while the soil loss moveme nt can reac h to 23400 mi llion ton 

per year (FAO. 1984: Hurni , [993). 

Sheet and rill erosion arc caused by: slope length and steepness : poor ground cover and 

surface rou ghness; poor tree and shrub cove r; poor soil structure: poor infiltration: and 

intc nsity of rainfall. 

2.3.1. FaclOrs Ihal detennille the r~tl e and lIIagnitude of soil eros ion 

Soi l e ros ion is a fun ction of man y factors as stated in the uni versal soil loss eq uation 

(US LE). Thcse factors include rainfall factor, soil erodibility factor, slope length , crop 

f;lctor. and c0111 rol practi ce r:I CtOr. Thi s is represented in the uni ve rsal soil loss eq uati on 

as A = N K LS C P (Renard el (II. , 1(97). 

Soil erodibilty is defined as an estimat e of the ability of so il s to resist erosion, based on 

the phys ica l characteristic s of c<lch soil <lnd it s factor varies spatially according to 

variations of 50l11e so il properties on the surface (Vaezi el (I/.. 20 I 0). Studies al so 

indi ca tcd tlwt so ils with faster infilt ration rates. hi gher leve ls of organi c matter and 

improved so il structure have a g reater resistance 10 erosion. Among these factors ti llage 

and croppin g practi ces arc usuall y caus in g poor so il struc ture and lower soil organic 

matter levels that c01llribute to inc rease in so il erodib ility. On some sites. decreased 

1Ilfiltration a nd increased runoff might result in com pacted subsurface soil layc rs tl1:1t 

resu lt in a soil crust. 011 the othcr hamL sand . sandy loam and loam textured soi ls will be 
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less erodi ble Ih:111 sill. very fine sand. and certain clay textured soib. The erodibili ty of 

30il is. thus. an effect of a number of reasons. The reasons ma y alla ched \\ ith the original 

~oi l s may ha ve poorer stnJCturc and 10'\ er organic mailer. 

2.4. Relalio ll helween so il erodibilit y :Ind so il properl y 

Topsoi l properties and erodibi lity o f soil s prO\ ide very important clues fo r land usc 

plann ing. The aim of thi s study is to determine the impacts of EI/c(/~\'pl/l:; on soil 

properties and to determine relationships be twee n erodib ility indices :lnd soi l properties. 

Soils arc generall y composed of four main components: wate r. ai r. minerals. and org:lnic 

mailer. The organic malic I' content in a soi l affects the activities of microbes, whi ch in 

turn ha ve vital role in mak ing nutrient s availabl e for plants. Moreover. organic mailer 

con ten t strongly affects the physical properties of so il s including soi l stnleture. bulk 

(knsiIY. and perce nt pore space and wa ter infiltration capacity. This dorn inancy ofOlvl in 

altering differell\ soil parameters makes it most sig nificant whe n regarding erod ibility 

(Sa hl clllcdihin and Taye. 2000). 
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C hapter three 

3. Material and Methods 

3. 1. S.udy A r Cll 

3. 1.1. Location of the Study Arc:1 

Wo lrncr'd District is one o f the eight administrative unit s or Oro miya Spec ia l Zone 

Surrou ndi ng Addis Ababa. located 35 kill s west o f Addis Abab.1.. 

N 

A 

• • • • 

" 
• • • • 

Figure 3 Location Map of the Study Area, (ETU IO-G IS da hl base). 
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Geographically. Wolmera is bounded from nonh 10 soulh by 10ngilUdes of 08C1 50'N 10 

09C1 1S'N amI lali lUdes of 38C125'E 10 38°4S'E. ha\ ing 10lal area of 755 km2. Specifically 

plamalion covers. at which Ihe study was laken. 10lal arca of 88.85 kml approximate!) . 

. from Ihis area 60.7 1 km2 is covered by 1':~lIcatY"II/s and the remaining area is covercd by 

JUlliperus. Whcre Ihe major study arca is located belongs 10 Ihe Afromontanc foresl bell 

in Ihe central highlands of El hiopia. Formerl y. ind igenous tfees sllch as Jll ll ipern:. 

pmcem. Olea ellropea spp. C/lspid(//{I. and POdOCOIPIiS [ olcl/I lI.I were dominanlly 

covering the afea . Natu ralJllll ipen/slIs.PodocOIjJus-Olea foresl which was once abundant 

on the area rapidly vanished due to an over exploitation of Ihe indigenolls tfees 

(Pohjonen. 1989). The remnarllS of JUlliperus and Olea trees in Ihl.! area reOecl elcrnenls 

of thi s vcgetalion. Currently. Ihe dominaling species in Ihe area arc Eucalypllls 

pla lltalions on whi ch Ihis sludy foc lLses. 

3. 1. 2. Soil T ypes of Stud~1 An'a 

In Wolmera DiSlricl Ihere arc five different soi l Iypes: LUI'iso /s, flcr/i.\o/s, Ni/osos. 

LeplOsols, and Call1bisols. but in specific to sllldy area on ly IIlIlIIie Ni/osols was found as 

indicated in figu re 4. According to FAO (1990) class ifi calion. Nitosols IS 

lopographically charactcrized by Illounlainous and gen lle sloping l:l1ldscapc and it 

accoll1moda tes deep, wel l-d ra ined. red. trop ical soils. With diffuse horiL.on boundaries 

and a subsurface hOfizon wil h more Ihan 30 percenl clay and moderate 10 stfong angular 

blocky SlnlClure clements Ihal easily rail apart imo characteristi c Shiny. polyhedric 

(' nuuy' ) clements. Nilisols :IfC strongly \\ealhered soils bUI rar marc producli\'c than 

most other red tropical soil s. 
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Figure 4 Soi l Types ill the Wollllcr.l lJislrict (F AO). 

The word lIum ic is a qua lilicr which indicates having. over a depth o f 100 ell1 from Ihe 

so il surface. mo rc than 1.4 percent organic c.lrbon (by weight) in Ihe rine earth fmClio n in 

Ferralsols o r Niliso/s, ha ving 1II0re than 2 percellt organic carbon (by we ight) to a depth 

o f 25 elll in LeptusoJs. or having more than I percent o rganic c;u bon (by weight) 10 a 

depth of 50 ern in olher soils (1:1\0. 2()() 1) 

3.1.3. Clim:ltic Condition of the Study Arc:1 

The climatic 7..oning of the area is do ne based on the Eth iopian climatic classificat ion 

a fl er ChcrrlCt ( 1993) give below. The climat ic reg io ns o f Eth iopia arc slIl1l1nariz<:d in the 

table 3. 
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Tahle 3 G l' lI l' ral Elhiopiall dim;lIie dass ili c;lIioli 
-
Cl imat ic Regions Ahi lUde or the Mean An nual Prese nce III the 

region (m.a.s. l) Temperature (0C) study area 

, 
Alpine (Kur) 3300 10 and abO\e t\ bsen t 

Temperate (Dega) 2300-3300 10-15 Absen t 

Subtrop ica l (Weina 1500-2300 15-20 Present 

Doga) 

-
Trop ical (Qolla) 800-1500 >30 Absent 

Dl:scrt (Bereha) Less than 800 >40 Absent 

.. Source Ilydrogeo logy of EthIOPia (Chennel. 1993) 

Th~ sllldy area falls under the agro-ecological lone of " \Veyina Dega" \\ ilh al titude 

ranging fro m 1860 10 2060 Ill .a.s.l. 

T he clima tic data from National Meteorology Agency about Addis Ababa and 1·lol eta 

rainfall ( 1962-2004 and 1968-1 995 E.C. years respective ly) and temperatu re ( 1975-2004 

and 1975- 1998 E.C. ye;lrs respectively) shown in lable 4 . 

Table 4 Main Cl imate [ lemenlS of th e Study ;II' C:I 

Olrra\lc stat on Ian fab Mar Ap< May Nn I. AJg ~p Oct ,~ D« " 
~ean le~prilure 

AddiS Ababa 15.7 16.6 17.7 17.6 18.0 16.6 ISS 15.4 15.7 15.6 IS.1 IS 0 161 

"'ole:a 13.1 14.8 1S.6 16.0 15.9 15.0 IH 141 1' 0 III III 11 1 !41 

Mean Ra nfan 

Ada sAbaba 17.0 430 670 89 0 81 0 mo 1~ 0 18' 0 1750 no 90 70 I1EI.O 

"'ole,a 161 56.! 69.0 81 1 10.7 mo 25U 2765 I~O 141 J9 9 I !092 4 
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The arc'l has a bi-rnodal rainfall with a short rainy scason from March to May and \\ ith a 

lo ng rainy season from June to September. The mean annual ra infall of the area varies 

fro rn 730rnrn 10 II OOrnlll, whi le the average minimum and maximum temperature of the 

• • arca is 12 C and 30 C. rcsJX'Ctivcly. 
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Figure 5 Ib in ru ll pa tren or Iioictu 
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nlis study is explanatory quantitative case study and it employed a nd s ing le case study 

design. Exp l.nnat ory quantitative case study wo uk! be used if you were seeking 10 answer 

a question that soughllo explain the presumed ca uS31 links in rea l- li fe intervent ions Ihal 

arc too comp lex for the surveyor experimental strategies (Yi n. 2(03).To .select S3l11p ling 
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po inb (undcr both stand) the stud y employed judgmental s,uupllllg. \\ hich is a non­

probabi lity sampling technique. All in all ten sampl ing points \\ cre selec ted \\here soi ls 

\\ en: sampled . Out of the ten fi ve sampling I>oints were localed in JIIll iperuHH 

(JlIl/iperllSIIS procera) forest. and five in ellcalyptus (ellca{)1J1I1S g{O/)II II1S) forests. The 

./l/l/iperuslIs sla nd. indigenous to Ethiopia. was used as a benchmark in examining the 

impact of cllca lypt lls forest plantation on soil physicochemical and erodibility. BOlh 

stands we re 0 11 thc samc area side by side in Wolmera Distri ct, so that both an: sOlllchow 

in lluenced by Ih c same c limati c conditi ons. 

J.J. l) al~1 collec tion Irdl niqll cs 

Fi rstl y pe rm iss ion to dig soil pits in thc foresl plan tations was sought from Fi nfinnc 

Forest Enterprise. Before soil samples wcre collected first selected similar slope class in 

order to avoid slope dependent variat ion IS necded so 1-5% s lope was uscd and the pits 

wcrc dug away from forest road and 10 meter from margi n of Ihe stands in order to 

millimi7c biased result. Thcn with all aid of a pick and a spade ten samplin g pi IS in the 

samp ling poilltS mcasuring I m length. I 111 width and I III depth c,xca vilted, mcasuring 

tape were also used. The samples werc collcctcd from thc bott om to th e top o f (he soi l pit 

to avoid sample contamination . TOla l of 30 total samples. from each stand 15 samples 

wil l be takcn. From each stand five pits were dug out and from each pil samples wcre 

takcn fi·olll threc dep ths interval (0-20. 20-40. and 40-60c l11). and from each depth 

intcrval two sfll11p lc scts. disturbcd and core soil. were taken . Disturbed soil sample were 

takcn us ing polythcnc bags which were then ticd with coHan strings and und l"wrbcd ,oil 

samples for bulk density analyses were taken using cylindrical stcel (me talli c core ring 

with 5 em he ight and 25 em radi us). Thc corc ring was dri vcn into the so il surfacc using 
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a h:111d sledge and a block of wood. It was thcn removed by careful lifti ng after removal 

of excess so il around the edges lIsi ng a fl at-bladed knife. Then all samples \\ere labeled 

and taken to the laboratory for chemica l and physical analyses. 

3,4, La boratory a nalys is 

For laboratol), ex peri mcnts. soi l samples were taken from twO forest stand. Eltcahpf/l\" 

plan tation and JUlliperus dominated regenerated natural fo rest that arc found in Worlmcra 

District to cbeck thc effects of EllcalYPfus monoculture on soi l physica l properties, suc h 

as tcx ture. bulk density. and moi sture content. Laboratory experimen ts were undertaken 

at Iiolota Agricultural Research Center. Plant and Soi l Anal yzing Laborato ry. In order to 

determine soi l chemical properties. fi rst soil samples were air dried, hornogc ni/ed and 

sieved to remove large particles in order to examine chemical propert ies. In addition , so il 

organic mailer con tent, pH. and some nutrients such as total nitrogen and available 

phosphorous wcre estimated. The soil samp les were g round th en afte r passed through 

O.Slllm sieve, organic matter content was calcu lated from organi c carbon lIs ing Walkley 

Black Method, th en Ig of soil was we ighed and ,[dded to 500ml conical flask. Exact ly 

101111 I.ON K2C r20 , was added and swirled the flask ge ntly to disperse the soil in th e 

so lutioll. Later 20ml of concentrated 1-1 2S0~ was added. The flask was then immediately 

and gelltl y swirled unIi l soil and reagen ts werc mi ,xed . The sample was then heated to 

ISOuC on II hot plate for I minute . The flask was then allowed to stand for 30minute and 

200ml or distilled water were added. 5-6 drops of rerroin indicator were later added and 

titrated with O.5N ferrous sol utions. As the end point is approached. the so lution took on 

a greenish cast and then changed to dark green . At thi s point. thc fe rrous su lphate was 

added drop by drop until the color changed sharpl y from blue to red (maroon color in 
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rcncclCd light against a white background), The conversion to deri ved %OM was based 

on thc assu mpt ion that OM contains 58% organic ca rbon . Even though. as this proportion 

is not in facI constant. we prc fe r to rep0l1 result as o,'\idizable organic ca rbon or 

Illultiplied by 1. 724 as organic carbon. Organ ic maner has a major innuence on soi l 

aggregation. nutri ent reserve and availabi lity of moisture retention. and biological 

activity. Soil pH was measurcd . fro111 th e one to one ratio solut ion of soil and wate r. using 

pi I meter. 

To tal nitrogen was extracted lIsing 2 M KCI and determined by the rnicro-Kjeldahl 

IlK'thod, Avai lable phosphorous was estimated lIsing Olsen's solution (sodium 

bicarbonate) as an extracting agent. 

So li texture was determincd using the textu ral triangle ancr thc percentages of sand. sill 

and clay were deternllned alicr hygrometer anal ysis of soil particle size di stribution 

(l3ou youcos. 1951). Other physica l properties such as , bulk dcnsity and moisture con tcnt 

of soi l wcre measured undcr thosc vcgelilti on types. The soil samplcs that were taken 

/i'01ll EIICal)plllS 1110noculture and Jllilipel'lls forests were tested using gravimetri c and 

volumetric so il moisture detcrmination methods. Thus, these experiments will enable 10 

compare and dcterminc the moisture contents of both stands in light wit h it s cffects on 

conse rv ation. 

So il erodibility can be measured through dircct and ind irect ways. the direct measurement 

of so il erodibility is costly and time consuming (Singh and Khcra. 2007). cfTons were 

made to predict indirectly form va rious soil properties. On thi s paper soil erodi bility 
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1ndices (K ) will be ca lculated from the data . generated from laboratory analysis of soil 

ph ys ica l propert ies. hydromclric leSI, using 13ouyoucos (1935) equa lion. 

Il ydr011lciric tcsilised 10 determine percelll of sill, clay. and sa nd as follo\\: 

511' - 1' 
o"So =--* IOO 

S1I' 

'x,c = ~* IOO 
SII' 

Where: 

(eq. t) 

(eq.2) 

Sa is Sand. Sw is sample weight and r is r~ading ancr 40 second (for cq . l) and read ing 

a lkr ~ hours (for eq.2) and C is clay. 

%I.C,· = I 00% - (%5a + %C) 

Where: S is s ilt. 

C N = %so +%s 
%c 

Where: C. R is cl ay ratio expressed in pcrccn l. 

3.5. Data Ana lysis 

(eq.3 ) 

(eq. 4) 

Mann-Whithey U leSI was performed 10 delcrminc the effecls of Illonocul ture plalllation 

o f 1:'-IIC(l~)'Pll/s on the chemical and physical properties of the soil. and comparalive 

analysis dOl1e al 95%confidcnce level. Stat islica l anal yses wcre performed using SPSS 

ve rsion 20. In order 10 determine relal ionship! difference bCl\\een soil paramelers and 

:-toi l depth Kruskal-Walli s independent sample lest \\as used . Pearson corre lation \\as 
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performed at confidencc levcls of 95% and 99% to kno\\ \\ hcther the rclallon!))l1p 1$ 

:.t'Hi ~ticall y significant (low probabilit y of occu rring in the sample If there \\as no 

relationship in the population) and how large the cITect si/e (Slfcngth of the rclation c;hip) 

I!'>. 

2. 



C hapter four 

4. Results 

.. 1.1. Soil physiochemical ,lrollcrty "OIri :Hiull in accordan ce wilh tree species 

and soil depth 

-t . t . l . So il phys ical Iu'ollcrt y variation 

I::. ven though. there is variat ion in soil pal1iclc size distribution among the \\\ 0 spcc icr, as 

indicah.:d in table 5, soi l tex ture under both species belongs !O clay soil according \0 

US DA soi l texture class an al ysis. Mean soil particle distributions for EI/cofypii/ \ and 

./lIl1ip('ntSIISerIlS arc. 58.67. 31. 10.33. and 64. 29.67. 6.33 percell I d ay. silt and sand 

rc", pccli\cly (Table 5). Ma nn-Whi they U test shows significant \arial ion of s:lnd and clay 

between Ihe groups (EllcalJPflls and Jul/ iperus) al 95% signi fi cance leve l Crable 7), 

which mean hi gh clay part icles were fOll11d under Jlllllj)erus relatively to th e £ lIco/J'Pl/l j 

stand and high sand particles were found under £lIca/YPllls than .hlll iperll L And al so 

:L IllOUlIl of clay and sand particlcs wcre significantly vary along depth under £ lIc(liypllI 'I. 

but not under Jlllliperlis (Table 6a and b). High clay and sand particle were found at 40· 

60cm and 20·40Clll depth s, respectively (Fig. 6). 

Mean pcrccll t soil moisture content under Eucalyptus and Juniperus were 17.04 and 

18. 19 respectively (Table 5). thi s ligure is not statisticall y signilicarll al95% conlidellcc 

le\'e l as indicated in tablc7. but under both groups il varied signilicanlly along depth al 

9YVo confidence level and mo isture conten t is low :11 surface soil (0·20cl11 depth ) as 

~ rl\phas i s Fig. 6 and 7. 
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T:lh l(' 5dcscri IHi\'c slaliSli cs for soil P:l r!IIII (' lc r v:lri :llioll ;llong pl :l lll :ll illll \ 

Vcgctation Typc N i\'linlmum MaXlOlUm " can Sid. 
Dc\ 13110n 

I:ucalyptu s PII 15 4.08 4.4 4.31 0.08 
(1:2 water) 

P ppm 15 2.2 5 2.83 0.7 1 

%N 15 0.16 0.2 o 17 002 

CEC 15 17.06 24.2 1955 2.3 

%OM 15 2.9 4.36 341 0.48 

%Clayc 15 52.5 67.5 5867 3.64 

%Siltc 15 27.5 37.5 31 3.11 

%Sand 15 2.5 15 10.33 4.32 

130 15 Ll3 1.67 123 0.13 

%Moisturc 15 11.4 20.8 17.04 2.5 

CR. Indices 15 0.48 0.91 0.7 1 0.1 

Juniperus PH 15 4.16 5.08 4.59 0.32 
(1:2 water) 

P ppm 15 2 3.2 2.37 0.32 

%N 15 0.14 0.25 0.18 0.05 

CEC 15 15.92 28.26 21.18 4. 12 

%OM 15 2.76 4.97 3.73 0.89 

%Claye 15 55 77.5 64 6.93 

%Siltc 15 17.5 40 29 .67 7.25 

%Sand 15 2.5 17. 5 6.33 4.62 

I3 D 15 1.35 1.18 0.09 

%Moi sturc 15 12 .76 22.7 18.19 2.67 

CR. Indices 15 0.29 0.82 0.58 0.16 
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As thl' restlll shows. there are lillie vanation On mean bulk dells II)' (gill CIll '>. under 

Elfc(l~rpll/s and JUI/iperl/S. 1.23 and 1.18 respectively (Table 5). due to this. Ihe \,unallon 

resulted from tree species is not statisti cal ly Significant at 95% confidence Ic\ cl (Table 

7). al so not significam ly varies along soil depth Crable 8 <ll1d9) . 

.. L 1.2. Soil chemica l properl y va rialion 

Soi l organic matler is derived fi'om Ihe decayed ti ssue of plants and animal.\.. :lIld from 

animal excreta. particularly urine and it has potential affect both physical and chemical 

properties. The amounts of Soil organic matter (OM) under fll clIl)1)fm and J /il/ ipcl"//\Ij.} 

did not ha ve significant variations (Table 7) , and they have mean values of OM 3.41 and 

3.73 percenl n:specli vcly. However under both stands there arc significant \lmallOIlS 

along so il depths. 0 .. 20. 20 .. 40 :Ind 40-60. %OM of 3.92. 3.37 and 2.94. and 4.86. 3.52 

and 2.8 1. respectively. 

The soil pH indicates the amount of acidity prese nt in the soil solution and is one of the 

Illost cO l11monl y mcasured so il properties. It is considered as a st:md ard and rou tine soil 

ana lys is. Thc result indica tes mean soil pH under EIiClIl),pllls and Jlllliperm arc 4.3 1 and 

5.59 respective ly Crable 5), the difference between mean value of Ihe vegeta tions arc 

statisticall y significan t at 95% confidence level (Table 7). And also mean value varies 

along soil depth under both stands Crable 6a and b): according to table 9 and 10 shows 

Ihe variations arc statistically significant at 95% confidence level. oil acidity increase 

\\ ilh depth under E/lcalypll/s, but opposite is tme for Jllllipel'llSIIS as illustrated 011 figure 

5 and 6. 
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Table 6 dcscrCIJlivc stal stics 1'0'· soi l paralll ct('r-s v;.riation a lo ll~ depth under both 
~ talld s 

Descriptive Statis tics Eucal),pIIls at difTerent depths 
Depth (elll) N rvlinimu Maxi mu Mean Std. De\ 

111 111 
0-20 PH (I :2 water) 5 4.24 03 4.28 0.05 P ppm 5 3.20 5.00 3.56 ! 0.81 %N 5 0.19 0.20 0.19 0.01 -

CEC 5 19.92 24 .20 21.96 2.15 
%OM 5 3.62 4.36 3.92,_ ~ 4 ~ %Clay 5 52.50 60.00 - '57 00 3.26 
%Sih -5 27.50 37.50 3 1.50 3.79 
%Sand 5 10.00 15 .00 11.50 2.24 
BO 5 1. 16 1.27 1.2 1 0.04 
%Moislurc 5 11.48 17.91 14.78 2.42 
CR. Ind ices 5 0.67 0.91 0.76 0.10 

20-40 PH (1: 2 water) 5 4.08 4.32 4 .2~_~10 
P ppm 5 2.20 2.40 2.28 0.11 
%N 5 0.17 0.17 0.17 0.00 
CEC 5 17.52 21.14 18.43 1.57 
%OM 5 3. 16 3.62 3.37 0.17 --%Clay 5 55.00 60.00 57.00 2.09 
%Silt 5 27.50 37.50 30.50 4.11 
%Sand 5 2.50 15.00 12.50 5.59 _ 
SO 5 1.13 1.24 1.1 7 0.04 
%Moisture 5 15.36 19.99 17.98 1.83 
CR. Ind ices 5 0.67 0.82 0.76 0.06 

40-60 PH ( I :2 waler) 5 4.34 4.40 4.38 0.02 
P ppm 5 2.60 2.80 2.64 0.09 
%N 5 0. 16 0.16 0.16 0.00 
CEC 5 17.06 18.72 -18.26 0.69 
%OM 5 2.90 2.97 2.94 0.04 
%Clay 5 60.00 67.50 62.00 3.26 

%Si lt 5 30.00 32.50 31.00 1.37 
%Sand 5 2.50 10.00 7.00 ' 2.74 
SO 5 1.17 1.67 1.29 0.21 
%Moisture 5 15.89 20.80 18.35 I. 74 
CR. Ind ices 5 0.48 0.67 0.62 0.08 
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(b) 

~ Dcscri IHive Slati slics JUII;f)l!I'IISIISS al different de )lhs 
Depth N Minimu Maxi mu Mean Sld.Dc\ ",em) m m 

0-20 PH (1:2 5 4.89 5.08 4.97 0.10 
water) 
p 1)P1ll 5 2.20 2.40 2.24 0.09 -
'YoN 5 0.17 0.24 0.2 1 0.0. CEC 5 23.10 28 .26 25.92 2.64 
%OM 5 4.69 4.97 4.86 0.15 
%C lay 5 55.00 62.50 5S.50 3.79 _ 
O/OS ilt 5 30.00 40.00 35.00 3.54 
%Sand 5 2.50 15 .00 6.50 5. 18 
130 5 1.08 1.35 1.23 0.1 1 
%Moistu rc 5 12.76 16.54 11.1,9_ ~6S 
CR. Indices 5 0.60 0.82 0.72 0. 11 

20-40 1'1-1 1:2 water) 5 4.44 4.64 r40~~- 0.09 
Pppm 5 2.00 2.60 2.24 0.33 
%N 5 0.14 0.25 0.19 0.05 
CEC 5 15.92 21.82 IS. 18 2.44 
%OM 5 3.29 3.69 3.52 0.21 
%Clav 5 57.50 77.50 66.00 7.S3 
%5ill 5 20.00 35.00 29.00 6.52 
%Sand 5 2.50 7.50 5.00 2.50 -BO 5 1.00 1.24 1.14 0.09 
%Moislurc 5 17.72 22.70 19.61 1.99 -CR. Indices 5 0.29 0.74 0.53 ~.12 

40-60 PH (1:2 wa ler) 5 4.16 4.34 4.26 0.09 
P 1JI) 1l1 5 2.40 3.20 2.64 0.33 
%N 5 0. 14 0.17 0.15 0.01 
CEC 5 17.48 20.96 19.44 1.81 
%OM 5 2.76 2.90 2.81 0.06 

%Clay 5 62.50 75.00 67.50 5.86 

%Silt 5 17.50 35.00 25.00 8.10 
%Sand 5 2.50 17.50 7.50 6.12 
130 5 1.11 1.21 1.15 0.04 
%Moisturc 5 18.54 20.98 19.79 1.06 

CR. Indices 5 0.33 0.60 0.49 0.1 3 

Cation eXChange capacity (CEC) is the total nutrient fixing capacity of a soli . Rcsuh of 

thi s stud y shows mean values of CEC under Eucalyptlls and JUlliperus stand \\ere 19.55 
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and 2 I. I 8 respecti vely (Table 5). and the difference in mean va lues arc nOI stallstl cally 

:.ignifi ca nt al 0.05 alpha level (Table 7). Mean values of CEC decrease wilh 111cre,b11lg 

:.oil d~plh (2 J .96. J 8.43, and J 8.26 cl110llkg of CEC for 0-20. 20-40. and 40-6Oc I11 \011 

d~plh r~spec t ive ly (Table 6a), stat iStical analysis sho\\s thai the \ ana lion along depth is 

~ igni ficatlt a t confidence leve l of95% (Table 9). 

Ta lll t, 7 M auu-Whithey U test res ult for vllr iatiun soil " ara meters bctwccil ~ t :H It I\ 
.\(Ili Th~ distribution soit parameter is the smile arross eatcgotlc~ of depth (em) 
1I.lpotlir,is 
(110) 

~oi t CR pH Pppm I,Cta~ ',Sand Oil ~. \IOISI(1 ',\ n c '.0\1 ·. ~ill 
"ar:unrlrrs 

~i o . om 0.01 0.01 0.01 0.02 0.23 0.1 0.68 041 06J OM 
j)« ision RCjl'Cl Rcjcci Reject Rl.'j~'Cl RCjl'Ct RClain Rt'lalll Rrulll Rrtam Rttam Rrtall1 

110 Ho 110 110 110 110 110 110 110 110 110 

Ml': lIl pCrCI..:J11 of lo ta l nitrogen (%N) under Eucalyptlls and J/II/ipen/\' arc 0.17 and O. J 8 

Crable 5). \ ariation of the mean values arc not stati stically significan t al alpha Ic\el 0.05 

a~ indica ted in table 8. But the amount of nilrogen is inversely proponionallo sOil depth 

a~ show in tab le 6a and b and ill ustrated in figure 6 and 7. 

T a ble 1'1 Ind cl}Cndc lIt-Slllll p lcs Kr uska l-Wa ll is Icst result for \' a ri a li on o f ~o i l 

pantm elc r s w it h dep th und er E UCIIIYjlIUS, OI l s ignitic:l ll cc le"el of 0.05. 
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T:lb le 9 Ind epend cllI·Samp les Krusk:I I-Wa lli s IrSI rCSII!! for \'arialio n of par:ullclr rll 

with dl'plh under JUlliperus OIl signilicancc I{' \'cl of 0 05 ... 

" ull The distribution soil paramcter is thc same across categories or depth [em). 
I l~lllllhh is 

(Uu) 

Soil CR pll Pppm '%Cla~ %Sand DD % Moistu filN CEC f.o\1 " \ 111 
1':lumeters 

Si,'. 0.01 0.01 om 0.01 om 0.13 0.1 0.68 041 0.62 0.8> 
I}cri}ion R~jcci RejI."Ct Reject Rejec\ Reject Retam Retain Retam Retam Rttam Rttaln 

110 110 Ho 110 110 Ho Ho 110 Ho 110 Ho 

TIll' amount of available phosphorus was the soilllnder Eucalypllls is signifi cantl y higher 

than that of so illlnder Jlllliperus at alpha level of 0.05 (Table 8) and there means arc 2.83 

and 2.37 for Ellca/ypll/s and JUlliperus respectivel y, in the casc of soil uncler £uca/) 1'1115. 

highest amo unt of available phosphorus were found at thc top soil or the first depth 

in terval. but in thc case of JUlliperus. thc di stribulion was rclative ly si milar as indicated 

in tab le 7<1 and h . 

.. l, 1 .. 3 . So il erod ibi lity (clay ,",Itio) indices 

RC~lI lt of th is stud y indicates significant variation ofcrodibility indices bet\\ecn the t\\0 

groups Crable 5). at confidence lcvel of95%. with mean erod ibility indices 0.58 and 0.71 

lor J llllipem s and Ellcalyprus respectively. Furthermorc erodibi lit y indices vary along 

soil depth under Ellcab.pllls. but its varialion is insignificant soi l under JI/I/lpel1ls. 

lIowcver. soil of the study area is less prone to erosion because of its high proponlon of 

clay. which help soil particlc stick togethcr. 

33 



,:,;'-:" 'Sr:"" .I'1 :, / 1"'\' 

, .. ... .. 

'I" .. .. 
Fig u 1'(' 6 Vari at ion of pOI ra mcte rs a long soil dl'llIh II nder EIIC(I ( m IllS 
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Fi~urc 7 Vllriation of parallleters along so il depth und er JllllljJerus 
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Tab le 10 l'or relation of between soil pro l)l'nies 

Pt lrson Cor~I'1ion 

PH ". 
Depth (em) (1 2 waler) P " CEC %OM "'''' 'WtSlnII ..... BO , ... ,,'" .1'111< , 

Deptn (em) , 
PH -
(\ 2,qter) .", .,. 

·395' p .,,, 
-•. , ·6\3 3" m 

·625 
.' 537" CEC 000 ". 

o. · S73 
.. 

770 - '" 
. 

·09' m , 
.. 

'~C")'t <I. ·066 ·lH ·165 .~, ·36' 
'':$.a1"lCl · '50 . 338 '" . 011 00' 001 .... 
'4Soie ·3" 36. 005 '" '91 .25' .,. . ·311 
80 ·011 096 m ·~3 ... 07. '" . 151 ." .. 
" MOISlure '" ·253 ·167 ·487 

.. -
. '" - . 

·.3 '" • 14O . 396' ·05i , .. 
KlnQLX · "7 ~, '" '" 359 <0, -

·"3 ,~. 62f • IIi ~,. 

.. Conetil'l)lll$ u;lnd!cam allhe 001 level (2·tatled) 

• Cor'e'<l!Ion 1$ u;lrnflym a11he 0 05 level (2·ta!!edj 

4.2. Correla lion of soil physiochemical properlies. 

As shown til table 10, soi l pH has positi ve correlation with OM. CEC and silt panicle (r 

.770 .. 537 at alpha level 0.05, and .369 at alpha level 0.01 respectively). and it is 

llcg<1ltvely correlated wi th avai lable phosphorus (r =.395 at alpha level 0.01) 

Total ni trogen also has positi ve correlations with OM and CEC and negati\ely correlates 

with moisture content (r = .519, .575 and ·.487 at alpha level 0.05). 

OM in correlate with day and silt particles at alpha level 0.01 (r = ·.388 and .425 

respect ively). and it also has positive correlation with so ilmoislure content at alpha le\el 

0.05 (r = -.563). 
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Soil clay particles have positive relation with soil Illoistl,re 
COntCIlI and ncgam c 

correlations with sand and silt at alpha level 0 05 (r = 471 508 and 656 . I ) , .. "." -, rcspCC11\C y 

-1 .3. Correlation between phys iochemical properties :tnd so il depth 

As show n in table 10. some soil physical and chemical properties arc varies along 5011 

depth . Moisture content and clay particles have positive correlation with soi l depth (r 

0.651 and 0.4 78 respectivel y) at alpha 0.05. which indicate that Ihey increase in 

accordance with increasing depth. in contrary to those soil depth has !legali\ c relation 

with S0 111e soil chemical properties such as soil acidity (pH). cation exchange capacity. 

IOta 1 ni trogen and organic maHer at alpha O.OS and by far il has Slrong negati vc rclation 

wi lh soi l moisture. al confidence level of 0.01 (r :: 0.651). Indeed. when increase soil 

depth l: l'odibililY indices were decrease and this relation is confident al alpha 0.05. 

4.4. C orrehllioll between physiochcmkal properties and erodibilit y indices 

(clay I"<llio) 

Accord ing to the findings of this study there are positive significant relationships betwccn 

the erodibilit y indices with sand and silt particles (I' "" 0.534 and 0.625 respectively), and 

\\er(' ~ i gn ifica nt al al pha level 0.05. Other parameter thai has slrong posit ive correlat ions 

wit h erodib ility indices is OM, they arc correlated al alpha level 0.01 and there (I' -

0.402). On the other hand, clay conten t of soi l has correlate negatively having (r = 0.993) 

at alpha level of 0.05. And il also negatively correlates with moisture conlent (r = 0.407 

at alpha 0.05) (Table 10). 
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Chapter five 

5. Discussion, conclusion and recommendations 

5.1. discussion 

The study area is categorized to highland of Ethiol)j'l in 'ld,I,·,,·o, , I · ' " r 0 popu allon pressure 

there is prominently EucalyptllS were plantation, which is nOI indigenous and world\\ ide 

controversial tree (Dcssic and Erkossa, 2011). Therefore, the findings of study indicate 

lha! Ellca~vPIIIS plantations have both positive and negative illlpacis on soil in comparison 

\o.Jl/llipem s. 

5. 1.1 . So il physical property 

The so li type of the study area is Humic NilOsols. typiC,llly clay dom inated soi l and 

profound in tropic. Farther more it is morc productive soil type. The relevance of clay 011 

the ,lva ilability of nutrients in the soil has been acknowledged by researchers. for 

example, Aweto (1981) suggested that clay proportion in the soil slrongly afTects tree 

regeneration. The result of this study shows that amount of clay under Jllllipems is by far 

greater than soi l under eucalyptlls. this indicate that, either due to the species or due to 

an thropogenic factor clay content were reduced, producti vi ty of soil under Eucal)]JlIIs is 

rel atively lower since clay is involved in almost every reaction in soil s which afTects 

plant !:!rowth. The amount sand is an indicator for soils drainage and aeration const ituents 

and in thi s regard. so il under Elica/YPflls was beller. 

Soil bulk density is a commonly measured parameter in forest so il stud ies to assess 

harvesting effects on forest soil quality such as compaction induced by logging or slle 
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preparation practices (Powcrs, 1999), the result shows that there was no signlficam 

varialiol1 thai imposed by EllcaiypfIIS trees. There is also no sl:u istieally slgllIfican l effect 

long the soil dcpth in comparison wilh Jlllliperll~'l even though typically bulk den~lIY 

increases wi th soil depth since subsllrface layers have reduced organic mailer. Gene!":llIy. 

Illean values shows. so il under both stands were good situation under since the values 

be low < 1.47 gtem3, which is critica l value for clay soil. abm e it restrict rOOI gro\\ Ih . 

5. 1.2 . Soil chemical property 

In gene ral , soil organic mailer has tremendous advantages in the improvemen t of soi l 

physical. chemical and biological properties. SOllie of detail advantages of OM arc 

stabilizes soil struc lure , improves water holding capacity, lowers bulk density. increases 

ere. acts as a pH buffcr, lies lip metals. supplies energy and body buddlllg COlI s t ilUen t~ 

lor so il orga nisms. and by doing so increases microbia l population and thei r activities. 

(Woldcgiorg is. 2007). Even though there was no significant vnriat ion on IQt,.1 amount of 

OM that resulted tree spec ies (Table 7). but as to the result shown above in tab le 7:1 and 

b. at first so il dcpth in terval OM under Eltc(lIYPIII~' and Jllll ipel'lls is fall to categories of 

moderate and high OM class respectively according to lIaco (1985) rating. Th is 

difference may came from improper usage of litter fall for fuel conSUll1pllOIl or 

allelophatic ex udates from Ellcai)p'''s tree species resulted inh ibiting effect 0 11 the 

undergrowth vegetation , regeneration and growth of understory. wh ich ind irectly 

decrease the amount necrotic planttisslle accumulation at soil surface. 

The otl\Cr influential soil chemical property is pH. which affects the solubi lny and 

availab il it y of many elements as well as microbial acti vity ( ~i arschner . 1995). An aCid 
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so il commonly has concentrations of AI or Mn that arc hi gh enough to be toxic to some 

plan ts. This study also verify the increasing cITcct of EIIClli)1Jflls plant:lIlon. soil aCldH)" 

\\~h high in comparison to soil under JUlliperus plantat ion. " Ioreo\cr. Zc\\(he (200 ) 

COlli e up with the change wh ich takes place in the chemical status of the soli surface is 

because the litter laye r and organic mailer becomes dominated by one species. The hIgh 

acidity in EIIC(I/YPfIlS forests is attribu ted to the fact that EIIC(l lypfliS leaves Ita\ e phenolic 

acids tann in and fl avonoids (Zewdie. 2008). 

Soils wi th low CEC have little resilience and cannot build up stores of ntnrients. The clay 

eOlll l.: llI, the clay type and the organic matter content all determine the total nutrient 

sto rage capacity (Woldegiorg is, 2007). Ellcal)'JJf/ls has no effect of wilh regard to CEe. 

since result shows the difference in mean values arc not stnlistically signilie'lIl l at O.OS 

alpha leve ls. 

5.1.3. Soil erodibility (c lay ratio) indices 

So il erodib ility ind ices. clay rat io (C.R) in the case of this study sho\\ s high percellt 

under EI/C(l~)'"pIWi than JUll iperus . th is may resu lted from difference of tex ture. soil 

tex tuH.' determines the ease with which agents of erosion or deslnlction cnn detach a soi l. 

and coarse textured soils are marc cas ily detached than mcdium or fine tc'( turcd soils 

. . . 9) r· . 1 50,·1, Ih 'lt 'Irc hi gh in clny havc low (Wlschlllc ler & Mannenng 196 . 'lI1c-tcxWrc( , , 

I.:rodibi lity values because the part icles arc resistant to dctachmcn t This deduction is 

. 980) d i d reported that erod ibi lity of the SOIl further more supported by ASlegbu (I an 1<1 

. . . , . 1 . TI same scenario was found dunng thiS will Inc rease with low values of clay P,lrtiC es. 1e, 

·1 d·bTt" under twO different dominant speclcs. 
study. comparative cxaminat ion of Sal ero I I II 
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Beyond to this, so il particles distributions were detennined by dirrerelll chemical 

property. according to Evans (1980) opinion organic and chemical constitucnls of the soil 

arc important bec<lllsc or their influence on stabi lity oraggrcgalcs. 

5.2. Conclusion 

The raet that soil erodibility indices under ElicafYfJfIIS were greater than those under 

native rorest of Jllflipel"lls indicates there is no sustainabi lity of the environmellt . under 

Ellcahpl/Is. regarding erosion. This may have resulted rrom variation ofphysicochellHcal 

properties. 

Organic matter in the so il reduces erodibility because it produces compounds that bind 

particles together, increasing aggregation and reducing the susceptibility of the particles 

10 detachment by raindrop impact and surrace nlllofr. Also. organic mailer impro\ es 

biological activity and increases infiltration rates, which reduces nmoff lind erosion. 

Morgan (200 I) suggested that soil erodibility decreases linearly with increasing organic 

C011lent over the range or 0 to 10%. Variation of erodibility which occurs between 

EIIC(j~\PIIlS and Jllllipems plantations may have resulted rrom organic matter of soil. and 

difTerences in OM may have afTected quali ty of litter. ratc of decomposi tion ilnd human 

intcrference by remova l of li ner rail fo r fuel consumption. 

Even lhough, the so il was deve loped from the same parent matcrial , there arc dirrerenees 

in percentage of clay and sand, which may occur due to root morphology of the plants. 

E · ," " b "01 of anchoring surface soi l may :lIcah1)fIlS IS deel) rooted plant. therclorc Its contn u 1 r ' 

be le ss when its compare to JUl1ipel"1ls. 
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Acidity of the soil is relatively high under EIIC(JI)'I'Jf/IS th'ln J ' 0 h ' IIlIIperus. n t c other hand 

available phosphorus. by taking advan tage of soil acidity is higher ",,(Ic E I h ' r ; IIC(l ,) fJIIIS I an 

.Julliperus. 

5.3. l~ ecomll1 endation 

In order to mi tigate soil erosion lirs! and foremost all the commu nity need 10 be made 

aware what la nd productivity or soil quality is and what fac tors affeci soil erosion. 

Eve n though. £IICa~\l)IIIS plantation has impact on soil erodibili ty. the magnilUdc of 

impact could be reduced using appropriate silvicll itural methods. During planting 

Ellca/ypi lls is practiced, one needs to think about spacing for the sake of reducing 

competilion. By doing so it is possible to reduce amoun\ of aJlclopalhic chemicals timl 

Ihey produce. 

Removing littcr is al so the other factor thai is responsible for increasing eros ion and 

reduces so il quality through affecting soi l physicochemical properties. Therefore, it is 

important that the communities arc restricted from daily removal of liller for fire 

consumption. 

And if!1 is possible. replac ing ElicalyplIIs lIsing ind igenous Irees specia lly those h,l\ing 

good quality on developing soil quality and reducing erosion. particularly in highland and 

sloppy areas. is advisab le. 
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Appendi x2 : 

Iboratory result 

Ii oletta A1: ri c II Jturlll l~(,S l'arrh C t'nh'I' 

Soil and ullin! f\ nah'sis L ahonlhln' 

Res ult i)cliven' SI1l'l'1 

Lab No Filed No. Depth 
( ,,~) 

1''' ppm 
( 1:2 water) I' 

111971 EVI 0-20 4.3J 3.2 
10972 EVI 20·40 4.24 3.2 
10973 EVI 40-60 4.33 3.2 
10974 EV2 0-20 4.24 3.2 
10975 EV2 20-40 4.28 S 
10976 EV2 40-60 4.32 2.4 
10977 EV3 0-20 4.29 2.2 
111978 EV3 20-40 4.08 2.4 
111979 EV3 40-60 4.29 22 

f--- I09S11 EV4 0-20 4.29 2.2 
l (l9S1 EV4 20-40 4,4 2. 6 
10982 EV4 40-60 4.34 2.8 
10983 EVS 0-20 4.38 2.6 
10984 EVS 20-40 4.4 2.6 
10985 EVS 40-60 4.38 2.6 
111986 Jnl 0-20 4.89 2.2 
10987 In I 20-40 5.08 2.2 
10988 30 1 40-60 4.93 2.4 
10989 Jn2 0-20 4.89 22 
109911 Jn2 20-40 5.08 2.2 
1f)99 1 Jn2 40-60 4.44 2. 6 
10992 Jn3 0-20 4.58 2 
10993 Jn3 20-40 4.64 2 
1 {)994 Jn3 40-60 4.44 2.6 
10995 304 0-20 4.58 2 
10996 Jn4 20-40 4.34 2.4 
10997 1n4 40-60 4.16 2.6 
10998 305 0-20 4.28 3.2 
10999 J115 20-40 4.34 2.4 
10988 1n5 40-60 4.16 2.6 

%N 

0.19 
0.2 

0.19 
0.2 

0.19 
0.17 
0.17 
0.17 
0.17 
0.17 
0. 16 
0.16 
0.1 6 
0. 16 
0.1 6 
0.24 
0.17 
0.24 
0.24 
0.17 
0.2S 
0.16 
0.14 
0.25 
0.16 
0. 14 
0. 14 
0.17 
0.1 4 
0.1 4 

Result Checked by AlcrTllIVchu TcrcfTc 

Signature ____ _ 

CEC ·" OC I 

. I 
24 .2 

25; 1 19.92 2.1 
24 .2 

2ffi 19.92 2. t 
21.58 2.1 i 
18.44 2.1 J 
17.52 195

1 

21.1 4 1.83 
17.52 1.95 
17.52 1.95 
18.72 1.72 
17.06 1.72 

lSA 1.68 . < 
18.72 J_,!2 ~ 
18,4 168 

28.26 2.88 
23.1 2.72 ! 
26.9 2.88 

28.26 2.88 
23.1 2.72 

18.62 1.91 
IS.92 2.14 
2182 2.1 ' 
18.62 1.91 
IS .92 2.14 I 
17.48 16 
20,96 1.64 
20.3 1.68 

17.48 1.6 
20.96 164 



PSA 

Lab No Filed No. 
% Clayc "/ .. Siht' -1.Sand 

I 1094 1 [ VI 60.00 30.00 10.00 r 10942 EVI 55.00 30.00 15.00 
I 10943 EVI 60.00 32.50 7.50 ~ 
I 10944 EV2 60.00 27.50 12.50 

10945 EV2 57.50 27.50 15.00 -l I IUt)46 EV2 67.50 30.00 2.50 
10947 EV3 55.00 30.00 15.00 I 10948 EV3 57.50 27.50 15.00 
10949 EV3 60.00 30.00 10.00 
10950 EV4 52.50 37.50 10.00 
10951 EV4 55.00 30.00 15.00 
10952 [V4 62.50 30.00 7.50 
10953 EV5 57.50 32.50 10.00 -
11I9S4 EV5 60.00 37.50 2.50 -< 
10955 EV5 60.00 32.50 7.50 
10956 In I 55.00 40.00 5.00 
10957 Jo I 57.50 35.00 7.50 --
10958 Jo I 62.50 35.00 2.50 

10959 Jn2 62.50 35.00 2.50 

111960 Jn2 62 .50 35.00 2.50 

10961 J,2 65 .00 32.50 2.50 

111%2 Jn3 62 .50 35.00 2.50 
11)963 Jn3 7J.SO 20.00 2.50 

10964 Jo3 75.00 17.50 7.50 

10965 J,4 55.00 30.00 15.00 

10%6 J,4 70.00 25.00 5.00 

10967 J,4 72.50 20.00 7.50 

10968 J,S 57.50 35.00 7.50 

10969 JnS 62.50 30.00 7.50 

10970 JnS 62.50 20.00 17.50 

Result Checked by Alcmavehu Tercrfc 
Signa ture __ _ 
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Lah 1\ '0 Filed No. ()e plh (1.'111) Ill) % 
,\I oislurt 

109 11 EVI 0-20 
1.16 16.1 4 

10912. EV I 20-40 
1.1 8 19.119 i 109 13 EVI 20-40 1.1 7 18.46 

10914 EV2 0-20 1.21 I 13.97 
10915 EV2 20-40 I.I S 19.99 
10916 EV2 40-60 1.67 20.80 I 10917 EV3 0-20 1.27 1438 
109 1B EV3 20-40 1.24 18.49 

I 109 19 EV3 40-60 1.1 8 18.47 
10920 EV4 0-20 1.21 17.91 I 1092 1 EV4 20-40 1.13 16.97 

I 111922 EV4 40-60 1.24 18.13 
10923 EVS 0-20 1.22 I 1.48 , 

EVS 20-40 10924 1.1 6 IS.36 I-
10925 [VS 40-60 1.1 9 15.89 

I 1(11)26 Jill 0-20 1.08 16.42 
10927 ln I 20-40 I.OQ 18.l 1 

I 1092H Jul 40-60 1.21 18.S4 
I 

JI12 0-20 12.76 10929 1.22 

I 
1093!) JIl 2 20-40 1.16 22.70 
10931 Jn 2 40-60 I.IS 18.8 1 

I 10932 1n 3 0-20 I.3S 16.54 

109JJ l n3 20-40 1.24 18.% 

I ()934 JnJ 40-60 I. 16 20.49 
I I ()935 l n4 0-20 1.32 14.09 

10936 1n4 20-40 1.12 20.3S 

109J7 Jn4 40-60 I. I I 20.98 

10938 1n5 0-20 1.20 16.1 2 

10939 1n5 20-40 J.19 17.72 

10940 1n5 40-60 1.13 20.11 

RC~ltll Checked by 
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