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ABSTRACT 

Ethiopia has a lo ng trad ition of es ta blishing planl31io n trees. EllcalYPlllS plantatio ns. 

especially. ha ve been developed in Ih is country si n ce Ihe beginning of th is ce ntu r y. This 

s tud y presents informati o n on thc unde rgrowth vegc tatio n cha ra cte ri s ti cs. soil co ndit io ns 

l nd nutrient cycling in established plantati o ns and n:ltural fo rests in Ethi opia. co mbined 

with bioassays o f ge rm inatio n, g rowt h a nd nutri ent uptake o f pla n ts. 

Vegctat io n and enviro nm en tal dlt3 we rc collec ted fr o m ninet y-two p l::tnt3ti o n and natural 

fo res t sit es in wC 51. nonh-cast. sou th. lnd ccn n31 regi ons of Ethio pia . Fou r permane nt pl o ts 

werc cSllb li shcd in three planl:lIion lnd l n:lIur:.ll mo nl:lnc forest stands fo r lo ng term 

3ssess ments of nutrient cycling 3nd soi l fertility. So ils collected f ro m under plant3tions and 

3 n3 tu ell f o rcs!, a nd aqueous 1e3 f e:<ITac ts of I hc pl3 n ted tree species were used as subst ra tes 

in bio3ssa ys. 

T he s tudy demOn s tr3ted th3t the fl o ri st ic composi ti o n o f the undergr o v,th \cgct3l ion was 

influenced by altitude and rainfall. These env iro n me ntll g ra dients were assoc iat ed with 

vari:uions i n so il physic3] 3nd c hemiC3 1 pro perties and stand c hara e leri sties of the 

pl a n tati o n tree species. GenerallY.lhe s pecies r ichness. herbaceous biomass lnd covc ra ge o f 

pllnl3l io ns (except th ose o f CllprcHlis II/walllca) we re si m ilar. o r higher than thai of the 

nltural f o re sts. Changes in soi l c hemi cal prope nies (dee relse in p H, N. P.. Jild Ca ) W,Cre 

f o und in plantat ion so il s. The rele van ce o f linerfaH and linc.r dtcrrrhposi: ioil ~ n reJati c., n to 

nUlri e n! cyc l ing is discussed. The dltl from Ih e la:gt n ... mOer of phll1t :: tiuri 0 11 0 naturnl 

fore s t s ite s, toge ther with data fr om the detlil ed s tudi~ s of. n"t fi en,t ...usc .,:Tfic.ie ne!y. plallt 

pe r forma n ee a nd Ii ({e T decomposit io n sugges tthl t ph os phor'Js v, ::IS I lmil ing p ia n' &riJ ""' tn and 

decompositi o n in the Ethi o pian hi ghl a nd plantati o n fure s t s. 
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Biol ss3Y usi ng 3QUCOUS IC3 r C:tlt3CIS o r C.IIIHfnllicn 3nd Ihrcc £ lIcnlJ'Ptlls spp. signiricanlly 

rcduc cd secd ge rm in3lion. r3dic1e lnd secdling g ro" Ih or ro ur crop plants: Clar annJIIllm 

£ragrostis Ie/. PiSll m salimm alld Zea mays. The de s! i tu tC g row th or plants und er o r ad jaccnt 

to thc se plantatio n Irces was related to al1 elo p:uh y. 

The s ignirieance or combining rield siudies with biol ss3 Ys in sur ve ys o r the undergrowth 

species c harac teri st ics a nd the re niJ it y or soi Is 3 rter pJ3 nta ti o n establishment is emphasized. 

T he impact or plantatio n tre e species se lection 3n d si te man3gement o n soi l rertil it y and 

herba ceo us plant cover in the Ethiopian highland r o re sls is discussed . 
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t. Background o f the s tu dy 

e ll A PTER I 

GENE RAll NTROD CTION 

The e nvi ro nm enta l de teri orati o n clused by com bi ned effect o f growing populat ion 

and the press ure: on the natural fo res ts ca ll s fo r thc need !ocSiablis h plan tat io n forests 

in trop ica l regi o ns. Ethi opia is o ne o f t ll c co u ntr ies ba d l)' stru c k by wid es p re ad de cline 

of e n v ironmental stab ilit y 3 nd p roduc t iv it y d ue to 3 rapidl y increasing popula tion a nd 

lo ng lasting defore station . In o rde r to s top o r slo w do wn thc de teri oration . large sum 

o f mo ney an d m 3npowcr 11 :1\'( been inve sted to pl:'!n l mlinl y f:lSt g ro w i n g exotic tree 

s pe c ies. mos tl y in connection w ilh Ihc CSllblishmcnl of pilnlltions fo r the pr oduc t ion 

o f fuel wood. One such n Olic group is thc £lfcali"pIZl5 . ..... hose popularity a s plantation 

speeies is all r ibutable to thei r being gencr :lI ly adaptable. r:'lSI growing and with:'l widc 

range o r p roductive and a variet y o r uses. 

Plantatio ns arc gcnerally co nsidered to be \e r ~ beneric i:l1 10 the en\;ronmenl. 

pro\ided the y arc esta bl ished .... i lh due bl c l..g ro und kn o .... Jedge o r their cco\og ical 

erreCl s. Th e lar ge sca le expan s ion . i n Et hi op ia . o r p l:.n I31 ;o n ro res ls with e:( ot; e ra st 

gro wing species nOl3 b ly co n ire rs a nd cuc:. IYPls is lik el y 10 contin ue a s lo ng a s th ere 

is a nee d to solve shO rt 3ge o r ruelw ood :'Ind wood for indUS l ri31 pu rposcs. YC I, it is not 

kn ow n a l lhi s poi nt wh :l1 th c impact or the cs t:. b lished plan tatio ns wi t h eX01ie l ree 

spec ie s ha" e o n the environmcnl. The p lant ing o r cucalypts is pe rce ived in some 

cou ntr ies 10 have u ndesi rab le envi ronme nt al co nsequences. Th e re is a well -pub lic ised 

campaign agai ns l euc31ypt pl:.nlatio ns in India (Shiva & Bandyopad h yay. 1983 ) and 

in oth er co untri es. In Spain . a n o rga ni z:1t io n pr o moti ng the use or indige no us tr ees is 

called th e 'Pho ra ca nt h:1 C lub' in p r:1i se Or:1 bark bee tlc thai kill s the e xotic e uca lypt 

(Floren ce, 1986). 



The re a re bo th posi t i ve and negat i\ e a rgu me nts fo r pia n t ing e ucal yp ts. On the pos it;\/! 

s ide it is recogn ized t ha t e u eal ~'pt s have ma ny ad van tages fo r bo th sma ll a nd la rge 

o pe ra t io ns. pa rti cula rl y th ei r fa s t gro wth rat es. res is tan ce to bro wsing an d ab ili t y to 

co ppice. suppl y o f a ran ge o f wood produ cts in high demand . and the signifi cant 

cont ri butio n the y ca n make to f a rm inco me s (Poo rc & Frie s. 1985). Altcrnativel y. the: 

planting o f cucal ypt s has bee n cr iti c iSed becaU Se it is claimed that the soi l will be 

degraded thr o ugh en han ced e rosio n. nutrient deple ti o n and biologica l c hanges; thai 

the es ta b li shed plantatio n affec ts the di ve rsit y of the underl y ing vege tat io n and th e 

performance of cultivated c rops adjacent to the plantation . Similarly. the view that 

euca lypts under ce ria in conditi o ns have a deterio rating effect on the environm ent is 

grow i ng a Iso in Eth iop ia . As th e iss ue of de\ clop me nt a nd en v iro nme nra I co nse r va t io n 

ga ins mo me nt um. eva luati on of thc ecolog ic31 impac t o f the es tabli shed plantatio ns 

should be ve ry c ruc ia l fo r an y f u t ure plan t in tr oduc t io n o r la rgc- scale a f fo re stati on 

p rogrammes. T he purpose o f the prescn t s t ud~ is to in \ es ti gat c the lo ng-t e rm eco logical 

e f feelS o f cs ta bl ished pia n t3t io ns. espec i311 ~ £1I{'nll'pllI~ pia n ta t ions. w h ic h ha ve a ve r ~ 

lo ng tra d iti o n in Et hi opia . 

2. Plantation Fores ts in Ethio pia 

In the past Ethiopia had ri c h fo rests . The fores t area ha s. ho weve r. bee n ra p idl y 

redu ced and the fo res ts ar c at prese nt less than t h ree pe rce nt o f th e co untr y's t0131 

a rea (An o nymo us 199 1). The c lea ri ng and burn ing o f th e nafUr a l fo re s ts ha s ca used 

sc ri ous e ros io n prob le ms an d the a \ a i I 3b i l i t ~' of f ue l wood and wood fo r industrial 

pur poses ha s bee n s te3 d i ly reduced in mos t part s o f the co u ntr y. As th e destru ct ion of 

th e natural fo re st ha s gone. mo re a ll e nt io n is bei ng g iven to eSl3bli shm e nt o f u ee 

plan ta t io ns to mee t th e inc rea si ng de ma nd for wood produ cts and en v iro nme ntal 

pro tecti o n. As pa rt o f th e a ffo rcstat io n p rogT:lm mes. man y pl a ntati ons o f exo t ic and 

f e w ind igeno us speci es ha ve been es ta b lished thro ug hOut th e count~ 
~ .--- ........ 

• 
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The fir s t species Irial in the cou ntr y were established about 3 ce nt u r y 380. Some )ear5 

afte r the f o undOlti o n of Ad dis A bOlh3, the to" n " :]5 eXlremel y sho rt o f fuelwood. The 

use o f EllcalYP(IIs WOl S suggested to Empero r Me nli k II in 1895 by 3 French phil ologist, 

M. Mondon- Vida i llet (HorvOl th, 1968 ). Seed o f 15 Ellcnly ptlls species wa s imported int o 

the countr y. and tri31 pllntat io ns were establi s hed . In the beginni ng o f the 20,h 

Ce ntur y. so me landowne rs planted small a re3 S in the subur bs of Addis A baba ino rder 

to se ll small poles and fuelwood. Encouragement by the governm e nt. suc h as tax relie f 

fo r land pllnt ed wit h Ellcn l J'ptlls and free di stri b uti o n o f seed, in cre Ol sed plant ing. 

Around 1920 the st ree ts a nd pa th s o f Addi s Ababa rese mbled elea rin gs in a n 

EllcnlYPlIIs fo re st. It WOlS e ve n suggested that th e name of the c it y might appro priatel y 

be c hanged into Eu ca lyptopoli s ( An onymo us I 990). 

The Ital ians were the fi rst" 1'10 su r \e~ed the Addis Ababa EllcaiYPlIIs plantations 

dur in g the i r occupat ion ( 1935-19.10). The forest area " lS estimaled to be no t less Ihan 

4000 h3 .• lnd mo re likel y o\e r 5000 ha .( l-I on:llh. 1968). In 1957 Ihc pl3n t3tio n f orest 

s ta nd s eo \ erd an l Tel o f 17.600 ha . :I. nd by 196.1 I he :I. rc a had e'll; pa nded [Q 24.600 I'll . 

(Hor\:!th. 1968). Pr io r to 197 -l . abou t -l 0.000 h:! . pll ntal ions hld been es ta bli shed on 

p r ivate land throug hout the coun n }" ulllizin g mlinl~' E. glO"lIll1f La bill ssp. gioblllllj 

:lnd , to a le sse r extent, E. cn mald ll /{'IISH De hnh (A no nymo us. 1979: Pohjo nen, 1989). 

They were esta bl ished with the objec ti ve of sup plying majo r populat io n centres wit h 

fu el wood and co nstruction po le s. Th e pl an l:l.ti o n eSla bli shmen t ra le was near to 500 

ha per yea r (Ho rva th . 1968). By the mid-19 70's. th e plantation forests covered a bo ut 

98,000 1'13 ., and 3 funh er 20.000 ha . of new plantation s we re es tab lished during the 

years o f 1984-1 988 with the suppo rt of Int ernati o nal Orga nizations ( Po hjonen & 

Pukkal l. 1990). The latter fi gure refe rs to the plantatio ns established in the 

surro undi ngs of Addi s Ababa and so me o th er hi g hl3nd to wn s: Debre Be rh an , Dessie 

and Naza reth . Mo reover, since th e beginning o f 1979, the Peasan t Associati o ns h3\e 

bee n enco ura ged to es t:lbli sh vi ll age wood lo ts f o r thcir o wn usc. With thi s new 
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programme it is es tim:lted th31 3 ou t 20.000 h3 . o f fuellA ood pl3nl31ions have bee n 

established during the p3S1 f ew ye3Ts. Curren ll ~ the 13rgesl fuelwood piant:lIions 3re 

growing ar ound the c3pit3 1 o f Addi s Ab3ba . 

Es tablis hm ent o f indust ri al planta ti ons is a ralher re cent developme nt in the count r y. 

T he developme nt o f the se pl a ntati o n fo reslS s tarted in the 1950's in Asse Ua and in the 

1960'5 in Munesa-Shashem ene . The acti v it y W3 S 131er expa nded toolhe r natural fores t 

a reas. T he Munesa-Sha shem cne pl3nlJtio n. for example. co mpri ses one of the largest 

planted s ite in th is respec l. Si nce 1968 co nsidera ble a reas of tr ial plantatio ns ha ve been 

estab lis hed pa rti cu larl y with Ellc(llyplln bu t also wi th Cllpresslls a nd PiIllIS. The 

~'l une sa-Sha shemene pl3ntatio n fo re sts cover 3ppro'(im3!cly 4.300 ha .• of which 

conifers cove r 3.100 h3 . and EII((I/I 'PIIIS 1.200 h3 . The co nifers. especi3ll y C . / l4si/(lnu.'D 

Mill. PUIIIS patliin Sehiede & Deppe e'( Sc hleCht and P,r c i IGln D. Do n. have been 

established to subs tit ute the \ani sh ing t im be r re so ur ces o f l illI/peniS prOCl!fn 1·loch51. 

ex . Eng\. a nd Podocnrplis /n/c(llI/ s (Th u n b.l \l i rb. Ot her in d us!r ia 1 pia nt3t ion fo re sts arc 

bei ng developed in the warm 3nd humid highland reg io ns o f IIl ubJbor. Kefr3 and 
, 
I Sid3mo. T he tolal size of pllnl31io n fo rests eSIJ bli shed .... ilhi n the ;./31ion3 1 Fores tr y 

Pr io r ilY Ar e3S is CS l im:u ed 10 be l bo ul 90.000 hl .. 31 presen t ( Anon~mou s . 199J). 

The programme for refo re stati o n of degrJded IJnds stJrled in 197 1 in Tigra y, and 

later extended loeo"e r more re gions including \\'0 11 0. l-ilr:nghe 3nd Go nd:'!r . With Ihis 

programme about 24.430 ha . o f lan d h3\e bee n afforested uPIO Ihe e3 r1 y 1980·s. The 

arC3S pl3nled under thi s progr3mme are usu311y Sleep hill sides 3nd margi nal lands 

which h:'! vc been exposed to soil eros ion ove r 3 lenglhy period . Hen ce the prime 

objec live ha s been 10 eSl3blish 3 "C8cl3lio n co'er o 'er degrlded bnds. so p reventing 

fUrlh er dele ri o ration . These p13ntalio ns 3 re also expected 10 contribute to fu e l wood 

suppl y f or co mmunilY needs without jeoP3rdizing the m3in objec ti " e of their 

eS l3 bl ish menl . 



AI prese nl it is estim:lIed Ihal Elh iop l:! ha s olver lSO.OOO h:l o f pl3nl31ion foreslS. and 

most o f t hem arc est:l blished in the highlands. al al t itudes o\e r 1500 m. \10 here the 

r:l infall is fa vo urab le (700·2000 mm / a ) fPohjonen Pukk313. 1990). T he figu re \Io3 S 

based o n Sl31i sli cs co nce rn in g pia nt ed seedl ings a nd a n a ve ra ge success (s u rviv a l ra te ) 

in t he p lantations, whi c h ma y ha ve bee n ove r estima ted. A pro pe r invento ry o f the 

Ethi opia n pla n la t io n fo rests ha s nOI ye t bee n unde rt ak en and d oc um e nt ed . 

T he c ur rent foc us in th e :a f fo rcstati on prog rammes is o n planting of mainly exotic tree 

species and the ta rge t plan fo r th e years 199 4- 20 14 indica tes 282.000 ha . of land to be 

pl :l n ted by the go ve rn me nt (Anon ymo us. 1993). Acco rd ing to the proposed plan . 

187.000 ha . of con ife ro us. ma inl y C. Ilifflomca 3nd P. fntll/a, lnd 95,000 hl . o f 

e ucalypts plant a tio ns will be establi shed. Mos t of th ese reforeslation \Io ou ld be fo r 

ind USt r ial a nd f uel wood purposcs. Di fferent exotiC spccies o f con i fers, eucal~ ptS l nd 

acac ia s hl\e l lreldy been introduced in this largc-scllc plln l31 ion progrlmme. The 

very few indi genous spec ies, ho\\e\ cr. \10 ere est3bli shed onl~ on a trial scale: although 

t he native 1. procero seemed to be mOS I commo nt } planted species in the high l3nd 

" II re gio ns of Eth io pia . T he shi ft in priority from indigenous 10 exotic species to establish 

plantatio n fo re sts J ppe H S to be due to the :llleged absen:e of productl\e pioneer 

nlt ive tree spec ies in the cou ntry and the 3v3il3 b ili ty o f shorHot 3tio n exotic trees 

with supe ri o r g row th. Most vatu 3ble ind igenous tree species 3re suggested 10 be found 

in 1:lI e-s uccessio na l f orests lnd produCti\e pionee r tree speci es suita ble fo r plantation 

estab li sh ment a re said not to ha "e been f ound in th e Elhi opian fl ora ( Po hjonen . 1989), 

These p lant3 t ions wi th exotics lre bclie\ed not o nly 10 pro\ ide a con\enien i wood 

su ppl y. bU I a lso to d ive rt CUlling f ro m remain ing pa tc hes of Indigenous fo rests wh ic h 

o t he rwi se woul d have losupply the fuel\lo ood and o ther .... ood produc t requiremen ts. 

The p roduct iv it y of pl3nt:llio n tree specics. espec illl y £ UCOIYPIll5 . intrOduced and 

es ta blis hed in Eth iopia ha " e bee n st udied in a nu mber of resea rch p rogrammes 

5 



• 

" 

(A no nymo us. 1986 ). Based o n :1 per clpill co nsump t io n o f 123 m3/ ) CaT . An onymous 

( 1990) ind ica ted Ih31 a lOla 1 of 5,175.000 t13 o f p l:l nl :u io ns have to be esta blishe d 

i norder 10 mee t Ih c: demand o f fu e\wood by Ihc year 2000. T his. 31 Icast , suggests :l 

poss ible co nver sion o f large area s of land fo r the estab li shment o f fuelwood 

planta t io ns; Eu cal yptus being the obvio us candidate. Ho wever. vcr y l ill ie is know n 

a bout th e eco logi cal effect s of the se pi a n 13 t io n I Tce spec ics o n the susla i na hil it y o f site 

produc t iv it y. A prope r management o f p lant 3t io n f o rests can be o nl y ac hie ved on Ihe 

ba s is o f 3. th o ro ugh un de rsta ndi ng of thc Stru c tu re :lnd f u nc ti on o f t he se ecosys tem s. 

The prese nt s tud y examines the pattern o f the unde rgrowth vegetation , soi l ph ys ica l 

and c hemica l properties. nutrient cyc l ing in th c plantati o ns and ad jace nt natura l or 

seco nda ry fo re s ts. co mb ined w ith b ioa ssa ys- usi ng soils fr o m unde r o r le a f e x tra c ts o f­

selec ted t ree spec ies. 
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CH APTE R II 

UN DERGROWTH VEGETATION A ND OIL CH A RA CTE RISTI CS I N 

THE ETH IOP I AN TREE PLANTATTO '5 AND NATU RAL FORESTS 

I. Introduction 

The envi ron menta l dcgradalion of tropi ca l fo res lS un derlines the urgency of tree 

pia n Ii ng. Fl St growi ng exo t ics l re o ft en p ll nt cd in o rder to co mpe nsa te fo r the na tura I 

fo rest decline and meet the increasing demand for wood products (Parolla , 1992). 

Apart fro m the wood biomass produced a s igni fi c ant aim o f suc h plantations sho uld 

be 10 inc rease the dive rsit y and abund3n ee of th e unde rg ro .... th vegetllio n in ord er to 

rcduce so il erosio n lnd im pro\e the so il fen ility. 

Eth iop ia is one o f the N E Afri can coun tr ies v. he re the degradati on o f Ihe nat u ral 

forests endangers the sus tainl blc use o f thi s rin i te resource (Po hjonen & Pukk3la. 

1990). ExtcnSl\c p l3ntatlon s. mai nl y of E. glor. /llm ss p. gl(l ;" lf/ll~ . hl\e been es ta b li shed 

in Et hiopil in th is ce ntur y. "' it h the prima r~ o bjcct i\es o f increasing the s uppl ~ of 

fu clwood lnd construc ti o n mlte rills. :tnd l lso to reduce the press ure on the reml ini ng 

patc he s o f th e nl tural vcge tati on. Mos t o f the se Ellcnll 'plIH p1anill io ns lre managed 

o n co pp ice rOl3tio n. an int e ns i\e sih icultu ra l method . O ther common e'( olics include 

C/IISllnll icn. P. pall/la a nd P. rndln/a: thC} "'erc all introduccd into Ethiopi3tO replace 

th e t imber reso urces dis:.ppe;'lri ng fr om the n:l.1urll fo rCS I (Po hjo ncn & Puk kala . 1992). 

Plln!atio n devel o pment with exot ics h3 VC bccn undc rl3k en m3inl }, after clea r fcll ing 

of bo th undi s tu rbed natur31 f o rests and fo rests in a silge o f re growth fo ll owi ng total 

o r partial cleaf c utting (secondary ( orests). Land prepJr :u ion presumabl y for 

pla ntat io n esta b lis hment invo lves manual labou r o nl y. in ""hic h the ma jo r pa rt of the 

naturlf f o res l is e fClr · f elled :Jnd bu rn ed o r rc mo\cd beforc pi3n!ing. 
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One co nSlr:l int fo r t he d e vel opm en t o f s uch I :l Tgt sel ic p13 nl3 1ion fo rcs lS is t he i r 

poss ible efr ec ls on Ihc e nv i ro nme nt. tn pl rl ic ulJr . £ /lCn/lplI' f spec ies 3 rc a ll eged of 

d epict i ng Ih c so il o f nUl r icnt cl c mcn lS an d wa te r (Fl o re nce. 1986; Mal i k & Sharma 

1990), a nd to suppress thc under growth vc:gc t3 t io n (Bhask3r &. Dasappa. 1986; 

lisancwork &. Mi c hel sen 1993a ), whic h exposes Ihc I OP 50iliO e ros ive f o rces. Howe ve r. 

evidence is lilcking wh e th e r these ((fee lS arc duc to Ih e c haTa c te ri s t ics of thc tree 

spec ies. to thc management pract ice. o r to a combi nat io n of th ese (Madei ra 1989). 

A com p 3riso n of thc soi l f e rt ility. litl e r t u rn over, nut ric nt ul i1i23 l io n a nd bi omass of 

for bs a nd g ramin o id s in planl3tions 3nd n:llur31 f orest in th e ce nlral high la nd of 

Eth iop ia s uggested th a t E. glohillus p lant a ti on ma y reduce th e so il ferti li ty lo a greal e r 

Olent than C . I"sim l/ lea a nd J. procera pla n ta t io ns. Bu l. a t Ih e sam e s it es Ihe spe cies 

d i\ ers it y an d the a bo\e -gro u nd bi o ma ss o f t he gro un d co\e r in E.glor. "/IH plan l31ions 

w3S s i mi la r to. o r hi g he r th a n tha t o f 3n 3d j3ce n l na l u ral fo re st . part ly d ue 10 th e 

hi g her li gh t i nt e ns it y in the co p p ice d E. gltlr.lIl l l~ plant l ti o n (Li sane .... o rk & ~ I ic hc: lsen . 

199 3b; Mic he lse n el 01.. 1993). Howe\e r. ex t rapol:lI io n o f su c h re s ul ts co nce rn ing the 

e n v ir on me nt:'! 1 effec ts o f p lant a ti o n estab lis hme nt in Ethiop ia 3S 3 .... hole is not 

.... il hou t p rob lems. :a nd Ih e necess it y of mo re e ~l en si \e s tudie s t he n beco mes o bvio us. 

espec i311 y s t ud ies in a range o f d if fere nt e n vi ro nme nts. 

Th e ai m o f thi s s tud y wa s 10 in vest igat e t he poss ible lon g· te rm ef fec ts o f es t3bl is he d 

plan ta t io ns wi th res pec t to un de rg ro wth vege ta t io n a nd so il c haracte r istic s. T o th is 

en d . th e d ive rs it y. ab u nd3n ce . biomass and nut r ie nt co nte n t o f Ihe f Orbs a nd 

gra min o ids in the planta t io n and na lural fo res ts. Ih e f ine roo t b ioma ss as well a s the 

ph ys ical an d che mi ca l p ro pe rt ies of fo re 51 soi l .... e re in \ esliga te d in n ine ty-t wo si te s. 

It is co ns idered thaI th is large num be r o f si tes co u ld . al le3 s t pa rtl y. co m pe nsa te fo r 

t he ex ten s iv e vari a t io n in age, man agemen t, gc o l og~, cl imate an d land usc am ong 

fo re st s ite s i n d iff e re nt pa rt s of [ t h iop i3. 
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Fig. l. Geographi ca l POSit ion of the areas of Study in Ethiop ia . The lett ers refer to areas of 
study: A + B: J imma; C: Belele; D; Magada; E: Wondo Genet; F: Degaga; G: Ardu; H: Na zaret h; 
I: Menagesha; J: Enloto; K: gebre Brehan; L + M: Alemaya 
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Table l. Climatic dat a of areas of study. and the slmpled forest types. 

Aru Al tltl.Od. 
(0' 

Al ttr .. ya 2000 

ArdIJ 21.00 

Se l eta 2150 

Oe;a;a 2300 

Oebre 1 3130 

Ent ot o 2950 

Na zar et h 1900 

J ler... 1850 

Mlgada 2000 

Menag esha 2360 

' Dtbre Steh.n 2Wcndo Genet 

Ra lnh l l 
(m, 

." 

1262 

11.31 

" .. 
". 
1050 

'" 

1431 

'" 
1019 

lOll 

Min t~. 
(ot , 

9. , 

'.0 

12.9 

5.' 

J. ' 

••• 
13.a 

12.9 

12.5 

2. 0 

11.6 

20.5 

26.6 

19.6 

19.0 

23.3 

27.8 

26.6 

21..9 

24.0 

26.1 

10 

S.~l ed for. st 

Acaci a . a ll gna, Cupr . aau. l vs lt anl c. , 
ECut l l yptua Ca.:ll !dVl fflI l . , E. gl obul ut , 
E. ' 1ll gna , Cr.vlll .a robust a , Jvnl pt~ 
proc.ra , Podocarpus h leecu" N tura l 
for tlt 

Cupr.s,us (ull t.nlca , futllyp t v. 
globulus, E. grlnd l . , L II ll gna , E. 
u r u lcor nl a , E. v l. l nal l., ,,_ 
pltul l , Plnul radl l te 

Cvpr. ISVl Ivsltan l Cl , Euta t yptva 
, l obuli ... I.r ...... I . .. It .... , N-..nt l 
IbytltnlCI. 01 .. europa .... p. 
cUlpldltl , Podoc arpus f l lcatw , natura l 
for ltlt 

Cordi I I frlc lna , Croton ~crOitachyva. 
CIJP"uua Ivs l u nlca , EUC a lYDtua 
gl oOlw !l ... s e. .rl"lC! Is, E. n ll .NI, "1 •• n ll 
l!;)yulnlc., Plnul pa:ul l, Ntura l foru: 

Euca l yptus gl obYl us, E. vl~ iN I I I 

Euca lyptvs ; Iobul us 

AClc l a s a tl . nl , Euc a l yp t us 
c.~ l dv l et'l. I ., E. ter rt l corni s , 
Cr ev\ ll ea robo.!S lI, Schlnus oo i l lt , 
na: l.ra l forest 

, 
Acac l , ~l 'no~ylon, C • • u. rlna 
CUN'l l n;h •. lI l .n., Cupr enu. II.S l tlnl ca, 
~ . :. Iy:: ~s c.-. I ~ ~ l e ~ , " E. ; . c~ . ~s , 
L .rand i ., E. 1I1; ;na, f. ufec l cornl s , 
Gr ev l ll it. robo.!s:., Ha;en l a a!;)y •• lnl el , 
lophos:e-.. conhru, Ol ea Itvropaea 'W. 
cusOl le.t . , Pl nI", p.:u l a , P. r .dl .ta , 
podocarpus 1I l ca:l.s, natura l foru t 

Cupressus IUliUtI!c., Euc al yptus 
II ll gna , natur. t forest 

Cuprt uut IUl l u nlca , Euc . lyptus 
globul us, Juni perul procera , Na tura l 
fortst 

. cacl . se l lgne . CvprUIUS llil ' : . ,." C. , 
Euc l l yptuS cl.-.. ldul t nsl s, E. citrlooora , 
E. gl obu lus, E. ,r.nd l., E. I . ll gna , 
Gr.vl t l ea robvltl, H.gen" ebyu l nlca , 
Junlpltrul procltra , Pinus p.tul a , .. h ed 
pl . nt ed Cordi a afrleatll . Croton 
l'I' .. crost I Cl'lyv. , tIItural woodl ll'd 

I 
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2. S iud y artas 

In 1990. nincl y- I .... ·o s it es o f nll u r:!1 and pl3nl31io n f o rcslS we re s iudicd in Elhiop ia . 

The sites we rc be twee n 131i ludcs 6° 15 and 10°00 Nand longiludcs 36° 15 3nd 40° E: 

t heir geog raphic::! 1 local ion a re indi c3 1cd o n F ig. I. An 3ccou nl of lhe geo logy and 

climaiC of Ethiepi:! is given in Moh r ( 1971) and Dln icl ( 1977). respecli vc ly. :lnd (he 

na lura ] vege tat ion in the a reas invc:s l iga lcd a rc desc r ibed in Frii s (1986. 1992). 

The c limate of th e stu dy ar eas is inf lue nced by the In lc rtrop ica] Co n ve rge nce Zo ne, 

th e d ista nce from the: equalo r and. not tC:U I. the lopo gr3ph y. ~'lclc o r o l o8i c al and 

a ltilud ina l data of Ih e st udy 3reas are presen ted in table I. 

Geo logi ca II y. PrcC3 mbri3 n roc ks 0 \ <:rla i n b~ su b-h o r izon III mesozo ic m3 r ine Slrl III nd 

terti3r Y bl sa 1t tr aps. Th c bu lk o f thc h ighla nd p13teau co ns iSIs of volca ni c roc ks. 

Sedi menllry roc ks. T:ln gi ng fro m S:lndstone to limcstone. appcar in deep ri ver valleys 

3nd in el Stern lowl:lnd s. The so ils in {he high llnds lre. b road ly. c harl e te r ized as 

ch ro mic verti so ls to \ert isols lnd arc the out.; o me of the decompos iti o n of the \oleanie 

m:uer ial s. WhcrclS in the lo"13nds thq ran ge f rom cllea r ic flu\isols to ealcarie 

regoso ls ( Ano n ~ mous. 1988). 

F lo r isti call y the br O:ld veget 3.tio n types in the st ud y 3reas incl ude und iffe ren t iat ed 

3fromo ntane fo res l. broad- leaved 3f romon l:l ne ra in f o re st. s in g le-domi nant 

afromo ntane fo reS I 3nd se mi·e ve rgreen bushland th icke t ( Fri is. 1992). 

The s tud y s itc s we re selec ted to encomp3ss th e vari3 1io n in topog r:l ph y 3nd climate 

where plan tltio ns a rc cs t3 blis hcd in Ethiopi3. Othe r c r iteri 3 o f se le ct io n were the i r 

3ccessab il i ty. and, fu rt he r mo re. arC3 S co mp r isi n g l rel :lli vcl y hig h number of 

pl3n ta ti o n t rce specie s in 3djace nt , si ngle'speeies plant3tion s tlnds were preferred. 

Due 10 civil unres t nos tudi es cou ld be condu c ted in the north 3nd no rth ·weste rn p3r1 

of the co un t r y ( the adm inis lrati ve re gions of Goj3m. Go ndar. Wo ll o. and Tigra y). 

He nce. II a re3 S were stud ied in the so uthwe s t, no rth e3s t.sou th and cenlT;:! 1 h ig hlands 

" 
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of Ethiop ia . as well as in 3 few lo ~ land a reas in the cenlr313nd northeast PHt o f Ihe 

countr y. 

The field wo rk took pl3ce in hnu3 r y and Feb r ua r y a nd fro m mid -Oe tober to e nd of 

Nove mbe r. 1990. Within th e areas of st ud y adjacen t pl a nt ati o n stands o f known 3gc 

were identified . and ho moge neo us si tes co nsidc red re presentative of the stands were 

se lected, with areas of 100 m2 ( 10 m by 10 m). A spac ing of 2 m by 2 m between 

plant3 t io n t rees W3S th e norm. Planl3ti o n s t3nds in wh ic h no logging had taken pl3 ce 

were se lected, if present in the area . However, in most sta nds thinni ng and branch 

pru ning had bee n perfo rm ed . togeth er with se lcctive logging in so me eases, but o ther 

man3gemen t pn ctiees. e.g. fertiliz3li o n. we re r3re. Most Ethiopian fo res ts ha vc by 13W 

bee n p rOtected f rom hum3n interferen ce. Ne,enheless. i t is bclie\ ed Ihat illeglilitter 

cOllectio n. tree felling and gra zi ng by Ii\es toc\... ha\e tlken place in mos t o f the sites. 

a t least to so me e>:te n t. Unfort u n3 tel~. the e>:a c l m3g ni tude of th is in rluen ce is 

diff icult 10 QUlnlif y. If n e :lr b~' n3l Ur:11 o r seeondlr~ fo res ts .... e re prese nt. Ihe y .... ere 

s t udied JS well. in 10 m by ~ O m pl ols. ln tot 31. the in\estig:uion co\e r ed 8J pl3nta t ion 

sta nd s. and eomp3ri so ns ~ ere made ~ ith 8 3djlcenl n31url l o r seco nd:lr~ fo rest s tand s 

(T3 bl e 2). 

3. Materials and Methods 

3. 1. Dh'e rsit y and e o ~('r o r ..... ood y and hNba('('o us plants 

The cove r (a perpendicu lar projec ti on o f Ih e lbo\egro und biom3ss) o f the tree s a nd 

shrubs W:IS esti mated " isu3t1 y. 3 nd the nu mbe r of indi\idualsof e:1ch spec ies. :1 s wcll 

a s th e spac ing be tween tr ees we re no ted . The Bra un- B13nquel (1964 ) cove r-abundance 

scale. as mod ified by vln der M3:1rcl ( 1979) .... as used to obl3in the qU3n ti ta ti ve da ta 

fo r he rbaceous species. Th ese 3re: 

I: few spec ics with sm31l eo'er of the rcference 3rea ( 10 m.'( 10 m in 

pl a ntati on and 20 m .'( 20 m in n:lIur:1I fo rest s it es) 

12 
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2. Extracts of stand and environmental data rrom plantations older than 9 yrs, and 
''''',.: ':' ad jacent natural forests . 

Spec l.. Ar •• A;. H. lent 
(Yr.) (Ill) 

t. I~l tlr\'c, !'t'Ii,d. 11 12 .0 

E. II I 0bul us 

L lir .nd i . 

11 

" 
Al tt.'lly. 20 

hln. 20 

0.;. 21 

Ard..l 22 

MtNlI .. h. 28 

Jim .. 

81 leta 

10 

11 

" 
15 

Ardu 25 

Al ec" YI 25 

Mer:.e;eshe 4011 

Entoto 40. 

Entoto 

Ji lT..., 

Ardu 

Oellllll 

11 

11 

2" 

" 22 

" 

10.0 

10.0 

15.0 

22. 0 

30 .0 

20.0 

15 .0 

19.7 

20. I 

20.0 

25. 0 

27.5 

50. 0 

5.0 

4.3 

5.' 

25 .9 

25 .0 

25 .0 

35 .0 

" .0 

12 .0 

' .0 
22.8 

35.0 

45 .0 

.... l 

"". eJlf / h. ) 

33 .2 

31.5 

\9.9 

39.7 .... 
71.6 

n.5 
33 .0 

36 . 0 

27.9 

40 .1 

1,6.0 

Hl.1. 

87.5 

\ 3 .9 .. , 
2.' 
39.6 

47.9 

42.9 

".0 

28.6 

18.2 

10.1 

42.8 

\01.2 

97.5 

Lliht 
Int ~l\t l ty 
0: of 
f ull ) 

0.2 

0.' 
2.5 

5.2 

l.] 

0.' 
11. 2 

14.1 

\6.2 

55.7 

22.9 

12. 0 

,. , 
51. 5 

39.1 

5.' 
:S:S.7 

".7 
17.7 

24.6 

50.5 

41.7 

i6.1 

12.1 

14.8 

1 J 

Htrb 
m . 
r 'lie !X, 
o 
o 

o 
2 

o 

• , 

" 
'00 

90 

' 00 

15 

" 
'00 

2 

00 

'00 

54 

30 

70 

" 
90 

' 00 

" 
11 

60 

tott l 
N 

' X) 

0 .300 

Av. 1I , 
' ..... ' 

1.60 

5 .60 0. 100 3 . 20 

1.53 

6 . 80 0.1l0 1.60 

6. \0 0. 350 1.&0 

4 .90 0 .11 0 0 . 60 

6.22 0 . 280 0.96 

5.75 0.263 2.57 

6.20 0 .340 7.60 

5.60 0.300 1.80 

5.40 0 .229 0. 53 

5 .60 0 .500 3 .00 

5.47 0.253 0. 73 

7. 20 0.060 5.20 

5.83 0. 274 4 . 23 

4 .35 O.lU 3 . 53 

4.51 0.1et. 4.95 

4.91. 0 .381 1 .51 

5.61. 0.1 34 

6. 00 0 .350 

6.~ : 0. 320 

0 .56 

, .00 

3 . 20 

5.50 0. 220 24 .00 

5.30 0.180 

4.79 0.209 

6 .90 0. 360 

5 ,27 0, 21l 

7.40 0.180 

4.20 

3. " 

2.80 

0 .45 

18.40 



T .~ l f 2 . ( conto ) 

, ;.a : .; l . lIondO 11 15 .0 " . I \5 .2 65 , ... ' .060 4." 
JI_ 1. 18. 0 41 .9 17 .7 • 5.05 0. 285 2.42 

D.g.g. " 25.0 57.7 ' .7 4' 4." 0 . 160 2.00 

"'" " 25 .0 ".2 26 .8 n 5.21 0. 302 1.75 

lIetunl .. In. 40.0 I.' " 5 . 75 0 .447 56.22 

fornt 

MlNgnh. 40 . 0 M.' 20.5 .. .... D. 339 6 .89 

Alr.:-.y. .., ••• 39.3 29 .... 0.130 7.00 

Keg.c. 35. 0 70 7.10 '.290 31 .00 

Ofg.g. 50.0 109.5 76 .7 100 7.70 D.900 :U.ao 

: COppICfd · rf c.nt l y 
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2: scattered species. bu t .... ith co\er of up to 5 

3: a bundan t. with less th3n 5% co ... e r 

4: nume ro us spec ies. bu t w ith less than 5% cover 

5: an y number of species wi th cove r o f 5-12 

6: any number o f spec ie s wi th cove r o f 12.5-25 

7: an y nu mbe r o f species w it h cover or 25-50 % 

8: an y nu mber or species w ith cove r o r 50-75% 

9: an y num be r o r species w i th cover o r 75- 100% 

The spec ies we re idenl iri ed a nd vo uc her spec imens were kept a t t h e Na ti ona l 

He r ba riu m, Addis Ababa Univc rs it y and th e Bo tani ca l Muse um. U n iver sit y or 

Cope nha gcn. A sc t or duplicates a re a t th e herb3rium o r T he Royal Bo tanical Gardens. 

Kew. The no menclature roll owed the Flora or Ethiopia and the Flor3 or Tropical East 

Arrica (e.g. T urrill t>1 nl .. 195::; Cufodonlis. 1 953-19i ~ : I-l ejc:: rg & Ed .... ard s. 1989). 

3.2 . .. ~ bo \ e- a nd bel o ... -g round biomass 

A no n-de slrue li ve meth od (C ha pma n. 1986) .... as used to eSllmate the bio ma ss o r the 

" I trec s. In each sit e. stem di3meter ( O BI-I) lnd heigh t or tr c::s ..... ere me3sured ro r t he 

estima t io n or the biom3SS0r the tr ces. The diam e ter measur::ments .... ere made at brcas t 

heig h t ( 1.3 m) excep t ro r those tr ces with IJr ge buttre sses or prop rOO ts. occu rring in 

the n3 tu ral r o rests, wh ic h had t hei r d ia met crS measured 30.:m l bo\(: the se p rot ru s ions. 

Where trees had multiple stems. each s tem .... as mea sured sep3Ta tcl y. A constant ro rm 

ra c tor (0.42) wa s ass umed ro r a ll spec ies. a s in Po hjonen (1989). 

The single h:H ves t mel hod (C h3pm3n . 1986) ""'35 used 10 delermine the herbaceo us 

biomass. The abo veground biomass o r her bs and gra sses .... as .:olleCled in rou r rand o m I) 

pla ced I m 2 quadr a ts in each s ite . 

For the de termina ti o n or rine roo t bio ma ss. six repl icate 0- 10 e m and 50-60 c m depth 
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53mplc:s w e re ra nd om ly cal1celed in (leh SHe :lfler Ihe rem o \;)1 of Ihe: liller .... llhin the 

I m1 
qU3dr3.I S ..... here th e: \cgct:llio n h3d been har vC:Slcd fOr the cSlim3 1io n o f a bove: 

ground he rbaceous bioma ss. A soi lau gc: r wilh an in ner d iarnClcr of S em was used f or 

t hi s purpose . 

3.3. Environmental dal. 

Fo r cach s ilC: altitude was reco rded :lnd (he light intcn sil Y at Ihe fo res t floor as 

compared lo th31 in open wa s mC3$urcd with:1 l ighlmc lcr . Meteo ro logical da ll f o r each 

area were ob tained from Ihc Et hiopian Meteo rologic:!.1 Se r vicc:s Agency. 

In c3e h si t e. a I mS pit wa s dug f o r Ih c collectio n o f soil s3mp lc s. Composi l!: samp les 

(cons is t in g o f 6 sa mp les co ll cclcd sySteml! icall~ ) fro m dC:Dlhs of O-ol O em ( Io psei l) and 

50-100 e m (s u bsoil) .... ere co llected f o r soi l ph~ siCJI :I nd chemic3 I 3 n3 lyse s. Ano ther sel 

of s3 mples were r3ndoml~ collected 3t the S3me depth s .... ith 3 co re S3 mp\e r ( inner 

diameter 5 cm ) fo r detcrmin3ti on o f th e soil buH .. den si t~ . 

3A . Lab orat o r y m£' l hods 

Soi l ph ys iC3 1 3n d chemical JnJ I ~ses "ere C:\fr led OU I :11 the So il labo r :ll o r~ o f the 

M i n iSl r y of Agr icultu re. Add is A bJ bJ. Eth iopiJ . followi ng Sla ndlr d proeed u res (A lien. 

1989). Bul k den s ity W3S d e lCrm i ned by d r ~ ing I he 53 mple vo lume J I I 05°e. The s3m ple s 

we re ai r dried :lnd p:lS5ed throug h J 2 mm sie\e. Soi l lC'Ctu re wa s meJ s ured us ing 

Bo youcos h ydr o meter, p H in 1:2 (v I v) soil :" :Iter suspe ns ion, clCC lr ic co nd uc t ivit y ( Eel 

in 1:2 (v/ v) soil:wJ tc r suspe ns ion. o rg3nic m:l11er (O M) by th e W3Ikcl } - BI:lcK wei 

ox idatio n mcthod, 3v3i ll b le P (phosph or us) by thc BTl Y 11 me th od and 10 lal N 

(nitroge n ) b y th e K jc1 d3hl meth od. C31ion e'Ceh3nge c3pacit)' (CEC) and the 

ex c hln geable bJses CJ (calcium), K (po tassium). Na (sodium ) and Mg ( magnesium ) 

were determined Jfl e r cx trJc t io n with I N :ammonium J CC t:at c at p H 7. C3 and Mg 

werc mCJ s ured us ing a n :lI omi c :abso r pti on spec tr o metr y ( A AS ). :and Na and K by 
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flame ph o lOmelr Y. 

The abovegr ound herbaceous biomass wa s dried fo r 48 h at 10°C. and weighed . The 

co ntent of nutrient ele ment s wa s ana lyzed al Ihe Depa rtment of Plant Eco logy, U ni v. 

o f Copenhagen, Denmark, us ing ASS fo r Ca. K and Mg. a semi- mic ro K jeldhal meth od 

f or N a nd Ih e mo ly bde n um blu e melhod for P afte r wet acid digestion. 

T he soi l samples fo r fi ne rOOt b iomass est ima ti o n were air d r ied and kept at 2°C un ti l 

ana l ys is. The sa mple s were wet sieved by empl oy ing a se r ies o f sieves a nd de ca n la ti on, 

a nd rOO ls less Ihan 2 mm in d ia me ler were care f u ll y separa ted from Ih e re ma in ing so il 

a nd li tt er debri s. No attemp t wa s ma de to di s tingui sh between live and dead roolS: the 

roots sampled we re companblc 10 those o f Vogt tI al. ( 1989). The rOOIS were dried for 

24 h at 10°C and weighed . 

3.5. Dal3 t r £' 3tm{'nt and S lat i~ ti ('a l anal ~~i~ 

Mu It iv:aria te mct hods .... 'ere used 10 an::!. h ze the \ eget::!.lI on a nd th e en \ iron ment:ll d:::a t3. 

Principal componenlS :::an:::a l~s i s ( PC A) produeed:::an o\cr\ic \,l, of the m3in so urces of 

variati o n in soi l 3nd eli m3ti c d 3t3 . The m3jo r en' ir o nment31 g r3 die nl s gover n ing the 

species d is t r ibu t io n 3mo ng si tes .... e re identified b ~ e3n o nl eal cor re spo nd e nce 3n31ys is 

(CCA ). Furthe rm ore . eCA W3 S used to tes t if Ih e c ho ice o f pl3nt3tio n tree species had 

an effec t on thc gr ou nd fl Of3 . Th is .... 3S done :::arler re mo\; ng th e \ar iati o n between 

si te s due to cl im ,lIe 3nd topog r:::aph y: The eCA .... as then perfo rmed on the residual 

vari :lIi on. Along Ih e same lin e Ihe residu31 v:lria ti o n W3 S used to le st whethe r the 

plan tatio n (f ee species h:::ad an effeel o n the soil : for this redu ndancy anal }sis ( RDA ) 

wa s u sed . In Ih e two la tt er les ts d3ta fro m nalural fOfeS tS a nd plantations o f C. 

IlIs;((l lI ica, E.g/obI/1m, E. gr(llldlS W. I-I ill e't ~I:l id, E. s(I/tgllaSm . and P. palllla o ld e r than 

nine years were used exclus ively. All multi':lri :lte anal yses wcre pe rfo rmed us ing the 
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prog ra m C A NOCO (Ie r Bf3a~ . 1992 ) and Ihe) arc "'ell de scribed In Jongma n n 01 

( 1987). The fe "" m issi ng values "'ere supplanted by the a\cr3ge o f the .... aflate ( ter 

8 raak 1992 ). 

On e-w3 Y a na l ys is of var ;3nce (AN O VA ) .... as pe rfo rm ed with SAS Proc G LM (SAS 

In s t it ute. 1988 ) in o rde r to de termin e if th e soi l or p la nt va r iab les were af f ected by 

the type of fo re st. Th e Stu de nt -New man -Keu1s (SN K ) te s t was used to sepa rat e the 

mean s ( DOl y & Qui nn, 1989). The d :l1a , np:lrt f ro m tempe rOl t u re. rOl infa ll , Olltilude an d 

pH, were subject to log (n+ I) tf3n SformOl t ion bero re a II a na I yses (Sa ka l &. R o hlf. 1981). 

Fo r t he multi v3 r iOlt e a na lyses e n vi ron menta I V3r iOl bles were tr a nsfo r med to zero mea n 

and u n it v3r ia nee. 

4. Rl.'sul ts 

4. 1. E\:p lorati on or (' n oir onmt nl a l d :lI a of Ih t fo r ('~ I ~ 

Extracts o f the stand and the en\ iro n mental datJ o f the 36 $Ite s In planl311 0 ns of C. 

I llsi /alllca. E. glo/mllls, £. grandlJ. , E. saltJ: 'la lnd P. r aw/a .... ith age olde r than 9 ~ears 

l S well a s the ad jleen t n:lI u rll fo re sts a rc prese nt ed in Tat-Ie~ . Othe r 56 s ites .... ere 

sa mpled in plantations o f th e l bo\e men t io ned spe c ies ~ o unger l ha n 9 ~ears , and In 

planta t io ns with Olh e r. less co mmo n pllntation tree s. 

D:ll a fr o m the 92 sites we re used in a PC A 10 re\e31 th e correl3 l io ns between t he 52 

va r iab les e h3r3 e te r izing the si tes (F ig. 2). The firs t ( PC AI ) and the seco nd (PC A2 ) 

prj ne ipa 1 components accou nted fo r 20% a nd \4 ";). respect; \ c1), of thc \ a r iation amo ng 

s i te s. The var ia ble s loea ted mos t di s tant fro m the o r igin in the sea ll ergf3m a re those 

con tri buting most to the dirrerences lmo ng s iles. Of th e three clima t ic lnd 

lopog rlph ic va r iables, ann Ul i r:J in fall isdom in3nt al o ng PCA I, maki ng t h is il.ti s a d ry· 

we I gradie nt. Atthe d r ier end of the gradient h ig h nnd co nt e ntS in th e soi ls and h ig h 

p H 3rc fo un d. wherel S 31 th c mo is ter e nd a h igh cl3 y co nt e nt predo m in3tes and tree s 
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a re:: e::nd o we::d with large:: ba sa lare3s3nd incrc:ucd he:: ig hlS. T he:: co mp3 r lSons3 re all .... . th 

rega rds to t he a ve:: r3ge o f a ll s it es: i.e. "high p H" means highe r than the ave n ge . Th e:: 

o ther t wo di m3tic a nd topogr3phic v3ria bles : a ve rage temperature:: and al t itude arc: 

negat ivd y co rrdated bet wc:e:: n th e msel ves, lIn d togethe r the:: y mllkc: up a tem perature­

altitudc gra di ent r unn ing dia go nall y in th e pe A scalle rg ram. Wa r m lo wl a nd soils a re 
, 

Sand T 

SendS 

pHS H 
P T 

" 

MlnTemp 
MoltTemp 

AvTe 
BOT 

UQhltn l 

" 

Posllt....e.y 
COlreloled 

Angles show correlations 

'H "', 

's 

PCAl IU%) 

SpecNo 

CECd S 

PCAI{IO'l) 
• 

~H clOY T .... AMRein 

treeA'" TreeVol ..,9 8ctAnto 

A. ' !\;de 

Helgrll CloyS 
OM, 

DBH 

s<'lr r, . 

"" Ot CECc I 

FIG. l . P r incipal Component anal ysi s (pe A) on 52 envi ronmental variables in 92 f orest si tes. 
T he va r iables mos t di stant f rom the o r igi n show th e h ig hest va ri atio n w ith in the d a ta set; the 
deg ree o f co rrela t ion between vari ables is re veal ed by th e ang le betwee n var ia bles as see n 
f rom the orig in. T he three varia bles desc ribi ng the cl imate ha ve bee n drawn as vectors to 
guide th e in terpr etation. The va ri a ble- indic es T , Sand H re f e r to topso il, su bsoi l an d 
he rbaceous plant? respec ti vel y 
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T able 3. T he most common plan IS in the f orest floor in the seven florislic regions ident ifi ed 
in the CCA (Fig. 1; 3), For each reg ion , the numbers ind icate the: percentages of Ihe: sit es in 
which t he species ar e p resent . Species occu rrin g in < 25% of th e sites were omi llc:d 

~ (1 7 , Ite.) 
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T. "!) l . 3 eOl.nt. 

Mlk. nlop.I . eter.~to ld~s " PIM l u tl"e Ip/'I . , a t . !\,ftI " \/0I"d0 ' !:!!2 II i,d, (17 
IItU) 
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l!JJtlI (8 s it es) Sid. cunnu " Conyu .p.! 19 
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seen 10 ha ve a hi gh s::Ind eon lenl, .... hc:relS In Ihe cooler hllh l::lnd Ihe lOp so li IS 

eh::l r::l e le rized b y h igh SCO res on si h co nlen!. n Ilr Ol e n, 0 '&:1 n Ie m:l ller , m:alnes lum, e[C 

d ete rmin ed (C ECdet ), and a hilh nu mbe r of he rbaceo us· and IlIrle fr ee· species . O th er 

va r iab les o f im porl an ce arc unrel ated to climat ic ludien,,: Ca , [C and phos ph orus. 

Generally, measurement s of topso il and su bsoil pro perl ies gl\ e co rre pond lng resuhs. 

and nutrient conten ts o f herbs sho w o nl y little vari :lti o n. 

4.2. Gradie nt anal ys is o r th t 2round . t2tlll li on in Iht rorts is 

CCA was performed to re veal thc v:ni :ll ion in the grou nd (J o ra whi c h could tx: 

attributed 10 cl imate. The fir s t CCA ..... 3$ pe rfo rmed o n Ih e rull set of 9 2 s ites. II 

sho ..... ed Ihc f o ur [nlOlO s it es ::lnd th e 1"" 0 Deb re Be rhan s i tes lo dev ia te dl5lincll y fr om 

Ihe olhe r s il es ..... ith res pcc t to thei r gr ound (J on T h is \\, as J ll ribule:d 10 th e: h igh 

a lt itu d e o f {hese s ites. To gell be ll er pic tu re of thc \ arilt io n lmo ng Ihe o ther si tes. 

l new CCA ..... as perform cd us ing 86 S1les o nl ~ . J S sho \.Oo n In F ig. 3. Among the S:! s ite: 

\ a r il b les. th e thr ce en \ iro n men tal \ :H 13b1ess ho \.Oo n (l it It ude:. ra Inf 311 and tem pe rat ure ) 

ex p il i ne d most of Ihe \ :Hiance (P < 00 1 fo r Jll thrcc). \ lore \:Hil b lc5 "" ere a lso fo und 

s ignifican t b ut t hey "" e re lef t ou t in thc flgurc In o rd c r to empha size thc plll e rn s o f 

thc u nde rgrowt h vege tlt ion e'(p la ined b~ clim3t e J nd t O pog r lp h ~ o nl~ S1ICS "" 1I h 

diff erent sampling area s arc seen toclus tcr dependi n g o n Ihe., ri ora. Althe Sl me t ime 

th ese sitcs arc c hara e tcri zed b~ thc Cl non icl i nes (CCA I and CC A ! ), Ihc 

inl c rprc tl ti o n o f ..... hi ch follo \.Oo ed d i rec t l~ f rom the c hose n th ree en\ Ir on me nt al 

variables 3S s hO\.Oo' n in Ih e CC A sCl ll ergr a m (F ig 3). T hc plan t spec ie s d ominan t In Ih e 

seve n regi o ns sho wn in Fi g. 3. togc lhe r \.Oo il h the h ighllnd area s of Debre Ber hJ n and 

Enl olO. a rc l is ted in T ::Ib le 3. A lOla I of 523 plant spec ies \.Oo c re recor d ed in thc 

p lantat io ns ::Ind Ih e nlt ural fo resl5 bel ongi ng to 6J f a milies of \.00 hi ch thrcc f::lmllies: 

POfl(l! fl t . F flbllctllt ::Ind IUmr/hll(('M pred omlna tc In thl l o rde r So me c h:l rac te Ti slicall) 

i nvadi ng and toler a nt plant species.e g A rhrrlllllht'n~ rt ril L. . .... ere frequent In :almost 
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Table 4. Stand cha racteristics of pla nta tion stands of ase older 
ad jacent natural forests. 

than 9 year s, and of the: 

Dominant '" .... I ':/ ~ '-- lI , "I1 " "M h, l ,h t ( t jfl) 'r;.' ( 11'1 . ) co.-. r CX of roou In roou ,., 
( m) ( I II . ) (Xl I ~n t ) t::tll 1'::'i't C,' ) (, / ) 

~, 1!.!I ISlnl n 16.8 • 19.4 • 46. 7 I m • .. . 4 . 5 b rn • .. . 
~, 1I 12!i!YIWI 19.8 • lS.3 • 49.4 • '" • 41, l O. T • 2n 10 102 • 

~ , i f!t!2 i ! 27.7. 2~.6 I 49.9 • .., . ", 18 .0 10 '!l b .. . 
1:. n l i !l~ 22.3 I 1'.5 • 49.7 • 610 • " , 34 .4 • 14S . 0 '29 • 
'. Q ' ~ Io!I ! 20. 8 • 20 .5 • ' 4. 7 • 396 • ~ : J ' 6. 4 .. ~'l I:> ., . 
Meturlt 14 .3 • 28 .2 • 58.1 • 'CO 34 .4 • '" . 16' • 
lor tst 

P In AHOVA 0.1914 0.1681 0.9982 O.8m 0.00 1 0.005 a.om 0 .4030 

Table S. The most common herbaceous pla nts of six forest types. FOr each fo rest type , the 
nu mbers indica Ie the pe rcen ta ge of sites in wh ich the species a re present ; spec ies occu r ring 
in one si te only we re omitted . Spec ies ma rked with 3n . occ ur outsid: Jof tl ea (with Ar3 bia 
and ~adagasc a r ) as list ed in Cuf odont is ( 1953·19-:"2 ). 
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a ll s i te g roups, WheTCH Olh er spcc,·c. r "'erc rcqucnl In o ne site ,rou p onl ). C I 

Alldropogoll amelhTSII III/J Slcud .. ThJnlln lerrll/ntllf lI oc hsl (1; Benth 3nd Tn/o/Illm 

semipi!osilm Frcs. in the high 3lti ludc Ocbre Bcrhan and Enlo lo si lu. and H~tuopogon 

COllior(us ( L. ) R . & S. in the lower 31t itudc Nuarelh site 

4.3. The tree s tands nd their dhct on th t eround "rltl.llon 

As the aim was to s tud y Ihe long-term efrec ts or plan tati on es ta bl ish ment a n d yo ung 

plantations arc ass umed nOI (0 1'13 \1(: :affected thc cn\ i ro nmen t as mu c h as older 

plantations. thc fo ll owing analys is in cluded o nl y data from Ihe 36 p lantati on s ites 

with C. 11lsitt7nica. E. globllilu. E. Grand is. E. ~nllgllt7 a nd P. palll/a with age o lde r Ihan 

9 years, and ad ja ce nt n31u r31 fo reslS. 

In Table 4 th e Ch:lr3 Cteri st ies o f th e st3nds 3rc sho .... n ' 0 significln t d lrrc rcnccs in 

hc ight. DBH o r b3s3 1 3fCl .... crc rc\ cllcd. pHtl} l;!e':lusc somc of the cuc31~pts h3d 

bee n co ppiced (sec T able :n. Othe r f (l<:: to r5 contr ibuting to the I:lr gc: \3,rl3110n with i n 

plan tltions with th e S3me species of pllnllt io n trec 3rc the eli mlt ic co nditio ns 3t th c 

difrercnt sites (T 3ble I ). T he C3n o p~ .... 35 ne3rl~ e105e\.1 in the C. II/H/all/ca pllntl ti on . 

int ermediate in the n3tu r31 forest and the P. r(//I/Ia pll nt311 0n 3nd most opc n in the 

t hree euca ly pt pl3ntati ons. T he li ght intensil} lIthe fo rc st floo r .... as mOs tl y in\Cr5e1 y 

co rrelated wilh th c e3 nop y co\e r: il .... as si gnlficJntl~ lo .... cr in the C. IlIslIalllca 

plantation than in the E. glllhlllll f a nd E. wlil!l1a plantltion5. and in the natural for CS t 

(Ta b le 4). T he fin e rOO t bi omass in thc uppcr 10 em soil 13ycr .... :15 higher in C. 

Illsitanica sites than thc other pllntation 3nd n:llur3 1 fo rest si lcs. In both pl3ntllio n 

and natural foreSI s it es th e ml jor il Y of th e fin e rOOt bi oml 5s .... ·crc in th e upper IOcm 

of soi l than in th e 50-60 em so il deplh: .... ith lelSI cono:cntr Jli on of fane rOot biomlss 

in th e latler d epth or the so il . 
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To bIe 6. Herba c eous s pec ies d i v e r s ity, c ov(' r ag e , bio mass a nd nu trient conte nt in 
planta t ion stands o f age olde r t ha n 9 years , and in th e a d jacen t natural fores t s . 

Wo o 0' No. of C~r~e B ' (m.)~, ' Nu trl«nt con tent ( Xl 

Situ SpK: l es (X) ( <J/ . ? ) , , C. " 
, 

to. 1!l2I S¥lIU • 10. 9 • 1. 6 b 4 . 4 b 1.6 1'1 0 . 15 a l. SZ II 0 .12 • J . J • 

L. l lqt.y1!i1; , 24. 2 • 73 . 1 • 100 . 1 :. , , . 0 . 15 a 0 . 9'> a ° ? 1 " 2.1 • 

L. !iI2!!ti1 , 25. 5 • &l .5 • 182 . 0 ~ 1.1 :. 0 . 12 :. 0 .94 " 0 . 25 II 2 . 5 • 

I.. llii!oo! • D.O. 73 .2. 167 .0 II I. 1 " 0 . 10 1'1 1.71 a OJ{ . 1. 8 • 

~ e!.ll!!.! , 20.8 • 47.0 • 2} 1.} " 1.2 a 0 . 13 II 0 .79 a o 2} • 1 . 1 • 

" " ..wal for es t 5 10. 8 • 62 .6. 192. 0 1'1 1 2 II 0 . 14 :. \.46 a O. JO • 1 .6 • 

P ,n A/KNA 0 . 1352 0 .0006 0 . 000 1 0. /461 0 .700 0 . 5449 0 .""" 0 . J 271 

Tab l e 7 . Soil physical a nd c hemica l c h a ra c t e c i c t icc in p Lanld tio n stand s o ( age 
o l d e r t h a n 9 years, and i n the ad jacen t natucal forest s . 

Sand ( X) ' CI"y S H t ( X) CI" S$ Hul k d (<J/C.~ ) 

''''' Sub ''''' '''' ''''' '''' 11,1' '''' ''''' ',b 
.£... Imilan ic. 15. 12, 33, 55, 52. 33, SiC C 1. 2:. 1. 5a 

.L. !I: I obut !:!l 22, 14, ", .. , 51. 45, ec SiC 1 . 2a 1. Sa 

L. grandis 15. 11. 30, 52, 55, 37a SiC C 1.0a 1 . 2a 

L~ 19, 12, 41, .. , ", ". SiC C 1. la 1.I. a 

e... 2!.ll!l! , .. 18, 37, 53, H, 29a Si t C 1. 23 1. 9a 

Natura l for-est ' 80 .. ", 51. 59a 43, Sit C 1. 0 .. .. " 
P. In AW:NA 0 .9213 0 .8024 0.1568 0.7337 0.7626 . 0 . 209 1 0 .9675 0 . 360 
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ROA1 [5%) 
E glindis (P;.1l) 

" 

'. 

C .IU 5 i ~nic a 

Fig . 5. Partial redundancy ana lysis (RDA ) bi;:llo t s::Jwi ng the ef fec t of C. /usuc:mca. £ 
globulus , E. grand /s , E. saliglla, P. paw la (older than 9 yea rs) and natu ral f ore sts on soil 
ph ys ica l and chemjcai properties; anal yzed o n the re si d ual variatio n afte r re mo v ing the 
e f fect s of altitude. temperature, ann ua l rainfa ll a nd aTen. Interp retation in the manner o f 
F ig. 2, i. e. correla tion be twee,n an y t wO fa c lors is jud ged fro m their ang le as see n f rom the 
or igin, the mos t si gnifi ca nt facto rs as these most d ista n t fr om the or ig in. P values le ss th an 
20 % are ind icated 
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The e ff ec t o f plant :lIi on trce spceics o n t hc ground \ cgel :Jl io n ( fi g. 4) and the 50 11 

c haracte ri s t ics (F ig. 5) wa s an31 }ud o n th e res idua l \ ar ia l ion :af te r Ihc: effeCts o f 

altitude , tcmpe ra lur e, annua l ra in f :all and ar ea had been rem oved . The se ven a~e s 

depi c ted i n F ig. 3 wc re coded as s ix binar y \ariables fo r Ih is purpose. 

No s igni f ica nt e ffects of thc c hoicc o f pl:anta t io n tr ee s pec ie s on thc species 

co mpositio n of Ihe grou nd vege t3 t io n wa s re vea led (Fig. 4). Fo r C. hlJ;tonicD. ho we ver. 

t he re was an indica ti on of a n effect (p . 0.12). All s ix t ypes of planl :a t io nsa nd na tural 

f ores ts were negat ivel y co rr el31ed with one o ther . The 3pplrent simil::ari l Y ind iel ted 

by the diagram between natura l fo rest and E. snligllfl is, thU S. just an artefa c t due to 

fo rc ing a multidimensio nal space i nto Ihe two d im e nsio ns depi c ted here. 

The plant diversity in t he fo re s t fl oo r an d the cover an d a bov egroun d b io ma ss o f 

herbaceo us plant s tended to be lo u. e r in t he C. IIm/n men plantat io n Ihan i n a ll o th e r 

s ite t ypes . t he co\er and biom3ss s i gnifiC3 n tl ~ so (Table 5 and 6). All o the r s ite t ~ pc s . 

inc l ud in g the n:lIurll fOres t. s ho u. ed simil a r i t ~ In th ose \ 3 r iJbles. :-" 0 s ignificant 

differen ces in nUlrient conce ntrat ion o f th e her bacco us plant s u. cre fo und bet u. ecn 

s ite s. On Ihe con tr ar y. I:n ge v3ri 3 ti o n u.3 S fou nd 1.10 i t hi n s pe c ie s am ong si tes (Ta ble ::: ): 

as an example the herb:l eeous co vet in th e E. glf/ fo lt /ltt si tes at Ent olO range d fr o m ::: to 

100% due to differen ces in e;(plo ilati on by the loell peo ple and their li \ esto d : as well 

3S the relati vel y sm311er inter-p llnt in g di s tan ccs o bservcd in th ese pl3nlat io n si te s. 

4.4 . The e rr eel o f tr ee species se lt"Cli on on ~oi l e haraelNis li es 

In ord er to t esl thc cr fec ts of th e v3rious plan ta ti o n tree s pecies o n soi l properti es a 

RDA was pe rfo r med o n Ihe res idual va r iati o n le3\ ing OU1 th e S3me effeelS as above, 

cli mate and arca (F ig. 5). T he n:"u ral forc s t had a nCl r· sig n i f ican t cr fec t IP . 0.06) o n 

the soi l a nd E. g rnndis le ss so ( p . 0. 13). These 11.10 0 f o re st t ype s bo th sho wed hig he r 

potass ium content in Ih e topsoi l th3n th e Olh cr ro res l type s. Naturll rorcs i is further 

Characte r ized by hi ghe r sco res o n topso il o f p hos ph o ru s. nitrogen and p H. and subsoi l 
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phosp ho r us. while E. grnlldll showed a h ig h conten t o f sodi um in the topsoil. 

S. Discussio n 

The distribution o f the gr ound fl ora in plantalio ns and natural f o rests is highly 

dependent o n the fa c to rs a ltitude. te mpe rature a nd r3 i nf a II . para lIello the di stributi o n 

of Mlural forest t rees and ot her fl oristic el eme nt s in Ethio pia (Zerihun ~t al .• 1989: 

Friis, 1992). Us ing CCA (Fig. 3) eight different and r:uher di stinc t gr oups o f sites 

co uld be identified , whi c h to a larger eXlent were ident ical with Ihe different 3re3S 

of sampling (Fig. I). The sites most di s t3nt on t he ca no nica l axes. i.e. th e sites wi th the 

most distinct flora , were the ve r y hi gh altitude sites o f Oeb re BeThan a nd Ento lo. a nd 

the low 3ltitude site s :H Naz3re lh ( Fig. 3; T3blc 3). Th e p3rtitio nin g of the si tes into 

di stinc t. regionally based fl o ris ti c groups eonfi rmcd the necessi t y o f anal yzing th e 

fl o ristic co mpos it ion of Ihe grou nd COl cr in pll nlat io ns o n I he resid ual I ar i:ll ion after 

the e ffects of al t itudc. tempera t u rc. annual ra infJII and geog r::! ph ica l re gi o ns had been 

removed rp::lrtial ~ CCA. ler Bra::lk { 1 99~ n. 

This anal ysis suggc sted that plantati ons o f C. II / I/lal/l,a diffcred fr o m plan tat io ns of 

o ther species a s well 3S from the n,nu ral fo rests ( p . O. I~ ) ..... jlh re spect 10 fl o ri stic 

com pos iti o n in Ihe f oreSls ( Fi g. 4). The spccies numbe r , cove r and a bove ground 

biomass o f the he r ba ceous plan ts were highl y reduced (although bio ma ss 3nd COle r 

sho wed a signifi ca nt de ere3Sc ) in C. I"wall/,n plantations (T ables 2. 5 and 6). 

co nfi rmi ng the observa t ions o f Mi chel se n el al. ( 1993). Thcse ma y be due to the den se 

canopy cove r fo rmed by C.llltlI(llIIrn \\. hich leads 10 lo w li gh l inte nsil ) rcaching the 

fo rest fl oo r (Ta ble 4). co mb ined wi th allcl op:lthic agent s which suppre ss th e ground 

vegellt io n ( Li sJnewo rk & ~'1 ichcl sen 1993a). The poo r growth of herbl ceo uS plan ts in 

C.lllsitallic"a pla nt al ions can not be expllined by lo w nut r ient content in suc h soi ls as 

Ihe nutr icnt co ntent or soi ls fro m C. IIHllalll({/ sile s did nOt differ fr om that o f Olher 

p lantat ion types (Table 7). 
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The -r esult o f CCA did nOt re veal any difference in the: di\crsil) of thc ro und 

vc:getati o n of Ihe natura] fo rc:slS and pl3n1.1 l io ns o f £ . glol'>lIf,H. E. grandlS. E. 10ll,no 

and P. patllia o lde r than 9 yea TS (Fig. 4). 3nd these: fo rest t ypes did nOI dirfcr wilh 

re spect to he rbaceous di versi ty. cover and biom:m (Table 6). Allhough it shou ld be: 

kept in mind that some of the s tand s with E. glohlliln 3nd E. sn/lgnn h3 d been coppicc: d 

recen tl y (3 prac tice wh ic h leads to a reduced canopy cover and inc reased lig ht 

intensity at the forest rloor, and, hen ce benefits the ground rl ora) it seems Ihal 

plan tat io ns w ith eucalypts (and pines) rn3 Y no t t'l3 VC a red uced dive rs it y and biom:lSS 

o f herbaceous plants i n Eth iopia . This co ntra s ts the fr eQue nt ge nera li zatio ns based on 

s tudies of eucalypts in S. Europe . India and e lsew here ( Poo re & Fries. 1985: Bhask3r 

& Das3ppa. 1986: Fl o rence 1986). EU C3 IYP ls. e.g. the species £. g/n"II/lIs :lnd E. sailglla. 

may h3ve :I higher ::1I1c1op3 Ihi e pO len l ial (L isane .... o rk & \ l ic hcl se n. 1993a ). but the 

effect is reduced in aTe3 S with reiati\ely h igh r;Jinf311 3nd Ih e resulting high 1c3ehing 

o f th e 311elochemica ls fro m the lopsoil. G round \egeilli on under Ellcail-plll5 

plan tati ons is less 3 ffected i n wet conditions Ih3n in thc dr~ ..... he re i t m3~ be gre31 1 ~ 

red uced leaving the soil b:are 3nd prone to erosio n (Poo re 8.: Fr ies. 1985) 

The biomass of fin e TOO lS of th e upper 10 em so il .... a s s imil lr to o r higher than those 

repo ned f rom tr opi ca l fo res ts ( Lundgren. 1978: C3vclier. 1992: Mi c hel sen ell1l. 1993). 

Co n cen tr a ti ons of fine roO IS in Ihe uppc r 10 cm so il13 yer IS a frequent ly o bseT\ed 

pheno menon (c.g. Klin ge. 1973; Go wer. \ 987: Be r is h & E .... el. 1988; C3vc l ie r . 199~ ) 

c:l used mainl y by th e nutrient a V3il3bilit y fr om decomposing lill er. High live root 

bio ma ss is o ften the result o f low 3\aila ble soi l nunic n{s (Ca\clier. 1992). The 

prescnee of a higher amoun t of de ad roolS in the top 10 em soil o f the C . /u jl/amra 

plantation f orcs tS m3 y. however. ha ve co nt ributed to Ihc applTently \ery high biomass 

o f Ihe fine roo tS. A rel ative ly slo wcr dec omposi ti o n of the rOOIS and a conco mitant 

re lea se o f nutri e nt s. s imil3T to thc fine lillcrf311 decomposition (Li sancwo rk & 
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Mi c hel sen. 1993b). co uld be th e re:uo n f or such :In :l ee umul:lt io n o f de:ld t OO t m:l SS in 

the C. illsi/a lf ira so il. 

Th e spec ies r ic hness , herb:l eeous cover :lnd b ioml SS in p llntl t io ns (except those o f C. 

Illsilalfica) was h ig h and simi la r to th :11 o f th e nat u ral fo reSI$. Th is is parallel 10 the 

res ult s of Lugo ( 1992) fro m Puerto Ri ca n planta t io ns and secondar y fo rests and is 

promising from the co nservat ion poi nt of v iew. However. in contra st 10 the na l unl 

forest many of the mos t common spee ics in th c Ethi opia n pla nt :u io ns were wccds or 

spec ies invading fr om mont a ne grass land and wooded gra ss land replac ing the mos t 

spec ialized plant species of the origin:l l vege tati on. The obse rv:lti o ns were in 

19ree menl with the fin d ings o f Mlth ur & Soni ( 1983 ). Furth erm ore. Ihe species 

di versi ty o f the trees themsches. l S " ell :lS their l ssoe ia ted ep iph ) l ic p la n t 

commun ities is h ig h in the nlt u r31 fo res ts (Ze r ih un l'l al.. 1989: Fr i is. 199: . \1 ic helse n. 

1993b). Co nseQue nt ly. the spec ie s di\ c rsit~ in Ihc na tu ral fo rests l S:l "hole IS hi ghe r 

t han in plantatio ns whe re epiph ~ lc s :ar c nrc :Jnd the u ppo tr ee Str :lI um is do m;n :lt ed 

by the tree mo nocu lture . 

The su rve y o f thc so il. c lim:l1 ic and stJn d Ch :lr3 Cle r is ti cs in th c lrel S o f study (Fig. Z) 

re vea led th3tth c tree s in p!3nt3t io n s\ln ds shO"'ed la rge r bas::!! 3re3 3nd heig ht in the 

sites of h ighe r altitudes 3nd adcQ u3 1e moistu re. thu s co nfi rm ing that Ethiopi::!n 

pl3nla ti o ns. from the po inl o f v ie w of wood produc tio n, sho ul d be eS!3bl ished :1( 

highe r altitudes whe re r3inf311 is f:l\ OUfl blc ( Pohjo ne n. 1989: Pohjonen & Pukkala . 

1990; 1992). The to pso ils of these fo rests o f h ighe r a II itudes " ere e hanctcr ized by low 

pH and hi gh content of o rglnie ma tt e r :l nd 10131 N (Fi g, 2), possibly d ue to a lowe r rat e 

of de composi ti o n lnd nutri ent relel sc f ro m li ll er " l th lo"er temperature (Vito usek . 

1984; Vog t el al .• 1986). 
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Whe n natural forests and pl3nt :uio ns of C.IJHlInIllC'Q. E. gloh"'/l1, E 8ra ndu, E. salt,nG 

and P. pOl/tla older than 9 YC3rS o nl y " crc cons.de red . lhe soil Ch:U3 Cu:ri s li es of the 

natura l fo res ts. f ol lowed b y E. gralldlS, segregated mOS t c learl y f ro m Ih ose of the o ther 

f ores t t ypes (Fig. 5). Fro m the ROA . the nalural fo rests were c hara c te ri l ed by a h igh 

contcnt of a V:lilable P. in top - and sub-soi l. 3S wel l 3S h ig h p H. Iota I Nand 

exc h a ngeab le Ca in the lopso il. These rc: sulls are confirmed b y the ANOVA s. 

s ignificant ly so with respec t to P in th e IOP- and su b-soi l, and Ca in topso il (Ta ble 7). 

The muc h (3 -1 6 times) higher P content in the natural forests than in Ihc plan tations 

may be explained by th e fast growth a nd h ig h nutrient demand b y the exot ics in 

co mpari so n wit h th e trees o f the natural forc st.le3d ing to the red uce d a vai labil it y o f 

P in the pla nt lt ion so il . Base d on th e dl tl o n nutr ient usc effic iency. plln t 

pe Tfo rmlnce lnd lill er decompos iti o n. P .... lS rece ntl y sugges ted to be limiting fa r 

pllnl gro wlh lnd d ecomposition in th e Eth io pian pllnl3tions wi th C. /UI/(lilll(a and E. 

glo/'oulus ( Li slnewo rk & \I iehel se n. 1993t. \ 11.:-hclsen ('/ at .. 1993). T he presen t results 

fro m a high number of pllnted lnd nllurl l f ore st stlnds in EthiopIa suggest thll thi s 

may be a gene Tll pheno meno n in suc h foreslS. 

T he s tudy Clnn OI ex clude Ih e poss ib il iq Inll man-:agemenl o f pllnlat ion fo res ts. i.e. 

s ite prep3r3t io n pri o r to !tee pllntin g and sih icu llure. co uld hl Ve co ntri b uted to th e 

diffe ren ces in Ihe so il propert ies bet .... ·een the fo res t si te s. Subsequen t to the remova l 

o f th e natur31 vegetltion fo r tr ee plantIngs. so il e ros io n co uld be enhanced with 

cons iderable loss of impo rt ant so il nutri ent s from Ihe s ites. T he re is evide nce that si te 

so il nut ri ent depleti on occurs .... hen pllntllio n fo res ts 3 re es t3bli shed f ollo wing 

remova l or the na tura I vegellt io n (Lun d gre n. 1978: ~hdeira. 1989: Ba rga Ii n 0/ .• 1993). 

After p lantati ons He eSllbli shcd l co nsiderable po rt io n o f plant tOlll nutrient s toc k 

cou ld be immoblized in the growi ng a bo\e grou nd t ree b iomlSS and the standing litter 

ma ss o n th e fo res t fl oo r. Expo rt o f nuttienlS .... ith tree s foli o .... ing hHvesl ing or 

plantation tr ees o n sha n rOlal ion ma y eonltibu te 10 de c rea sing soil nutrient levels 
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from the s it es (Parroll a. 1992; Bargali t:1 al .. 1993). A further subs tantial drain o n the 

soil nut r ients may occ ur ir the fo re st floor lillcr is rem01Jed reguI3r1y: a common 

reature w here plantatio ns of euca lyp ts a re e5ta blished. The ro regoing a ttr ibutes should 

be take n in to acco unt when eva I ua ling Ihe influence or planla ti on tree species. nOl3 b ly 

Ellcalypws. o n the so il. 

The res ults of thi s stud y ind ica te tha t plan tatio n ro re sts o r co nifers a nd e uca lypts, 

cs tabli shed r ollowin g {he na lural vegeta t io n clcarance. almos t invar ia bly see m to be 

assoc iated w ith deter io rat io n in the nutrient le vel s o r the so il s. No signifi cant 

d ifferences we re fou nd between the so il characte ri st ics o r th e spec ie s examined in 

greater detai ls: C. Ilfs;f(m;efl. E. glohlllll5. E. gralldH. E. sa l igna and P. pawla. 

Acco rd ingly. it appear s that no recommenda t io ns on species selec t io n ror tree pia nt i ng 

in the Ethiop ian highlands can bc gi\en b:l scd o n thc nutrien t St:lt us o r the plantation 

so il s. T he spccics abundance. eo\e r 3nd biomass o r the gro und \ cgetatio n ~lS le ss in 

the C. IlIsiwl1i('(/ plantations th an in the o th e r p lantJtion t~pes . Co nsequen tl y. th e 

pllnting of C. II/mnll/en should be l imited or a\ o ided lS these ro rests .... i l1 be more 

prone to so il eros io n and furtherm ore. susl:"Lin J mlr~edl~ le ss di\erse flo ra . The 

impa ct or C.ll/silGlIICn on th e co ndit io ns of thc soi l ~ ill be much aggr a \ Jl ed when the 

plantation stands arc clea r·felled fo r tim be r uses. Th is specics docs nOt rcgenerate o r 

co ppice und e r Et h iopian climatic co nd iti ons. As a n 31terna ti ve to C. IlIsltnmen the 

loca l. med ium produc ti ve gymn osperm J . (lmara co uld be planled (Pohjone n &. 

Pukka!a , 1992; l isanework & Mi c hel sen. 1993b). as we ll l S se ve ral o ther indigeno us 

species (Michel se n 1992). At lowe r altitudes l ran ge o r 10Cl1. dro ught lo lerlnl ArnCln 

species should be inel uded in spec ie s tril ls 3S Ihey ma y prove equa ll y productive as the 

exo tics used most often. E. enmnidllli' Ii HI and Prow " n j llii/lora ( S~·. ) DC. ( Po hjone n. 

1989; Mi c helse n. 1993a). 
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Summar), 

The fl o ri stic compos iti on. cover a nd bio m3. SS p rOduc tio n of the unde rgr ow th 

vege tal ion. and so il p rope rt ies were s tu died in eSla blished planla io ns and adja cent 

na tural fo rest sites. 

Vegetation and environmental data were co llected from ninet y-two plantation and 

natural fo rcst sit cs in SW. NE. Sand ccnt ral part s o f thc Ethi o pian h ighlands an d in 

the central and NE lowla nd s of the countr y. The measu red va ria bles i neluded a ltitude. 

stand charac teristics as basal area and canopy cove r, fine roo t bio mass. divers it y. cover 

and b io mass of hc rbl ceous plants. and the lighl intensity at the forest fl oo r . toge the r 

..... ith chemica l (p H. EC, 0 \1 . N, p. K. Ca . ~fg. CEO and Ph ~sical (bu lk dens it y, te'(u re) 

p ro perties o f top- :lnd sub·soi l. Multi\ari:lIe an31 ~ses \l.ere applied to identify the 

cn\ i ron mental va r iables respo ns ible for specics di stri bu t ion, Ihe effe.:ts o f Irees o n 

herb.1 ceous plant cover 3nd on soil eh:Jra c tc rislics. 

US! ng ca no n ical correspondencc 3. nal~ sis (CC A) the floris t ic composi! ion o f the grou nd 

covcr in the fo rests was sho\.\n to difrer among regi o ns. These '"'ere segreg3.led wi th 

rega rd to the en v i ron men ta l gr ad ien ts gO\ cr n i ng t he species d istr ibu ti on a s iden t ifi ed 

by CCA: altit ude . tem pera ture a nd rainflii. Principal compo nent s analys is ( PCA) 

showed that tree basal 3re:! ,",'as positively correlated'"' i th alti t ud e :!nd rainfall . and 

that th e sites with hig h ba sa l ar c:! '"" ere ch3.racterized by a rela t ivel y high content of 

o rgani c matter and nit roge n in topsoil. and low pH. 

Aft e r Ihe v:nilt ion be l'"' cc n si te s due to cl i m3.te. lopogra ph y and region::11 posi tion had 

been rem oved a CCA sho,",ed th.1t planta ti o ns of C. IIIS/Intl/cn o lder Ihan 9 yeaTS te nded 

10 affect thc species compositio n of thc ground eo\cr. and ANOVAs sho '"' ed Iha l thi s 
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!ree species hld sig n ifi cantly reduced co\er :lnd biom:us o f the undcrgro \l,lh species 

co mpared to E. globlllllf . E. grtmdH. E. mllglln P rnll/ln planl3tions and nawr3! fo rests. 

Us ing Redundancy a na lysis (RDA) and A NOV As il wa s show n tha i t he soi l 

c ha rac teri s t ics o f th e na t ura l fo rcslS d irrcTe d fro m tha t o f the f ive mos t co mm on 

pla n ta t io n t ree spec ies: na tu ral fo rest soi l had h ig he r co ntent o f exc ha ngeab le Ca a nd 

ava il a ble P. T he muc h (3· 16) h igh er a vai l3 blc P ml Y be ex p lai ned by the fas t gro wt h 

and high nutr icnt d ema nd by t he exo t ics in comp:lri son ..... i th the tr ees of t he nat ural 

f orest. lead ing to a reduced a V:lilabilit y of P in the p la nt a t ion so il s. 

No s igni f ican t differences " CTC found bct .... 'ccn soil charac teri s ti cs of th e 3bove 

menl io ned pia nUli o n n ee species. He nce. no rec om mendll ions on species selcc l io n f or 

tr ec pllnting in Et hiopiln highl3nds can be gi\en based o n the nutrient sta tus of the 

plan tati on so il s. Howc\e r. based on dJtl of hcrbJceous co\c r Jnd di\ersity. the 

p llnting of C. IIlSl/nll/rn should bc re strIcted due to the risk o f so il eros io n in such 

fo re s ts 
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ASPECTS OF NUTR I ENT C"C LI NG I N T HR EE PLA NTATIONS 

COMPARED TO A NATU RAL FOREST I N THE ETlIIOP I AN HI C U LAN D 

1. introducti on 

litterfall and litler decompos iti o n 3re impo rt ant proccsses i n flue nci ng the function 

of f orcs t ecosystems. The Quantit y an d Qu:alit y of li ll c r :and it s deco mposi tion :a re 

impo rta nt f or th e s tud y o f energ y flo w, pr im3r Y p roduct io n 3nd nutrient cycl ing a nd 

a re, as suc h, indi ca t ive of th e fu nction of f o rest ecosyste ms ( Bra y & Go rh am, 1964; 

Sw ift l'l al .. 1979. PrOCtor. 1983: Vitousek. 198.l ). 

Bo th li tte r produc ti on and lillcr d ecomposi t ion ra te s in Iro pic:al fo rests 3re of ten 

higher than in f orc sts in o th er P :HI S o f the " o rld. :a lth o ugh luge \ariati o ns occ ur 

be tween fo re st t~pe s and within si tes ( Bra ~ & Go rhlm. 196.l . -\ nderson & S" 1ft . 1983; 

Sw ift & Ander so n. 1989). l:lTge sC3le pllntlti on fo rests h:a\(: bee n est3bli shed in 

!ropical countr ies under a v. ide range o f climl t ic condi ti o ns. bu t mos t studie s of 

nutrient cycling in tropical fo rest s h3\C bcen co nducted in arelS with 3 rainfall 

exceeding 2000 mm (Brow n & Lugo. 1982). The extensive studies o f Lugo el al. (1990) 

in suc h a n area showed differences in 3eeumul3ted l itter m:a sscs betwee n different 

p13ntatio n tree species. f:aet o rs whi eh could :affect the sus t3in:abilit y o f plant:alions. 

Al so, eom p3r:ati ve studie s of the nulr ien t e~eling in n3tural :and plantcd fo reslS arc 

r:are, especially in hi gher 31tiludes (lundgren. 1978). :althou gh n:alural o r sccond:lr Y 

fo rcs ts may serve 3S important referen ce He:a s fo r in ves t igali ons of the en v ir o nment31 

crfects of plantati on es t:abli shment ( Lugo. 199~ ) . 

In Ethiopia. many plantations o f mainl y c'( olie species ha,\c been est:ablis hed 3t 

altitudes :above 1500 m. wh e re the rainfall is fo vo ur:able fo r fa st growing nee species 
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( Po hjone n. 1989; Pohjo nen & Pukk313. 1990). 1'1 0"'- e\ cr . pl3nling o f selecled Iree species 

m3 Y lc3d 10 undc sira ble env iro nm cnl3l cf fec ts. The IJrge r pa ri of the pl3n131io n 

fo rests co nsists of Ellca lYP l/Is specics m3n3 gcd o n short rOlalio n; E. globltlllS ssp. 

globllills a lo ne co vers more Ihan 100.000 ha . EI/cn l )'p/lls species have widel y been 

c r i t icized for their po tcnl i3 1 role in soi l degt3dati o n throug h reducti o n of soi l 

ferl ilit y. but suc h effects arc ra rel y demonst ra te d ( Poore Ii. Fries. 1985). In plant3 l io ns 

of anot her fast grow ing exot ic, C.II/si /alllcll , th e he rba ceous cover is spar se (Mi chel se n 

et ll/ .• 1993) and the topsoil thu s v uln era ble to eros io n. 

Desp ite these hazl rds. no stud ies o f the d yna mi cs of nutrient eleme nts ha ve bee n made 

in Ih e pla nta l io n f orests of Ethiopia. A kn owledge o f Ihe amounts o f nu trientS cycled 

throug h lill e rfall is co nside red use f u l becau se 1111e r fall repre se nt s a ma jo r process for 

transferring nutrient s fro m the abo\e ground \egelatio n to so ils. and Ihe relative ra te 

at wh ich f o rc st veget :l1 io n loses o rgan ic matte r \ersus p3.rti cuilr nU1Tients provides an 

inde '{ o f Ihe efficiency of nutri c nt usc \\. ith in \egell ilo n (Vitousek. 19 ~: Vit ousck & 

Sanfo rd. 1986). Mo reo\er. 3. compa rison of the nutrient c~cling in plan te d and n3. lun l 

f o re s ts ml y contribute info r mation rc g:lrding produ.:t i\ i t~. site fertility. choice of 

spec ies and sus ta inabilil Y of fo res ts. 

The aims o f thi s stu dy. cove r ing a tw O yea r pc ri od. "'-ere 

( i) 10 Quant if y th e annual liu er fall and its nutrient cleme nt content. ilS 

scaso na l p:lIl er n and the rcla t ive co ntr ibu ti on o f each component o f th e li ll er. 

( ii ) to s tud y th e rate o f dr y \\. eigh t loss and nu tr ient element release from 

deco mpos ing li tt er to Ihe soi l. 

The stud y wa s co nduc ted in three pl3ntallo ns with thc mos t common plantatio n tre e 

species in Eth iopia : The ex oti cs C. IIm/alllcll and E . g/nhllills. and th c indigen o us J . 

procera. As a reference. parallel s tu die s we re al so c :arried o ut in an ad jace nt natu ral 
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mo nt:l nc f o re st d o min a ted by J . prourn. (J/en " lIrnl'nrn ssp . Cln p,datn (DC.) C.ff .eTl and 

P. fn/callls. 

2. S tud y aru 

Me nagesha Sta te Fo rest is loe a led on Ihe genlle slope o f MI. Woc hae ha in the ee nlral 

h igh la nd o f Et h iopia . a l 8° 52' N. )8° 32 ' E. The a lt i tu di nal range o f Ih e areas covered 

b y tr ees (p la nta t io ns and natu ra l foreSlS) is f rom e. 2300 to 3300 m. T he climate is 

su b h um id trop ica l mo nta ne. wi th an :l ve rJge 3nnU31 T3infal l of 1019 mm reco rd ed :ll 

Ho ll e la G e ne t. on th e pla teau al 2380 m above sea le vel a nd 12 K m northwest o f the 

stud y are a. The a ir te mpe ra tures rJue tuale highly be lw een nig ht a nd da y: In 

No vembe r -Decembe r the ni ght minimum lemper :l1u re is 2°C, "hc reas the day 

maximum temperatu re rea c hes ~4 °C in Feb r uar~- ~1a ~ (F ig. 6). T he pHenl material o f 

the so il is volcanic . mainly fi ss u ral (Moh r. 19 - 1) an d the so il is ela ss iried as c hromic 

lu " isol (An o nym ous. 1988). 

The fou r s tud y s it cs. loc:n cd 31a bo ut 3 ~m up th e mo unt:l in slope. " ere selec ted ( i) to 

repre se nt m:lIure f o res t Sl3nds. ( ii ) 10 cncomp3SS th e \ari a li on of the st 3. nd s i n th e 

ge ner :1I 3rea and (iii) 10 :! vo id poss ibl e mar g in:!1 e f fe c ts. The fo res t ma} to so me 

( relat ively small) ex lent be influ enced by the inha b itants o f th e nei ghbo ur ing villages 

(so me illegal fclling of tre es fo r dome stic usc, collec ti o n of falle n b ran ches and Ica\es 

fo r fu cl . a nd grazin g b y li vestock m:l y take pb ce). Hence, ea ch si te. 10 m by 10 m for 

the plantations and 20 m by 20 m fo r the n:llurll f o re st . "lS fenced off with bl rbed 

wire and guarded int e ns ivel y. 

Va r ious c hara c te ris t ics of the fo ur s ites arc desc r ibed in Ta ble 8. The natural f orest 

s ite includ ed. in lddil io n 10 the 1:111 d ominants , mature indi\iduals o f Allol'hl'/Il f 

nbyss; II;CIIS (Hoc hsl. ) R:ldlk .• ApodYI f!S dtnlldUJla A rn .• Bn sama abrss llllca Fresen .• 

£kebergia ca p,," sis Sp3rrm. and M aJ'(emH arhll( ,joit a (A . R ic h.) Wilcze k. Acco rding to 

Fr i is (1992) th is is cla ss ified :IS a n undirr ere n I iated e ve rg reen a fromo ntane fo rest . Th e 
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Table 8. Characteristics of the rour sites in Menagesha State Forest. 

Jletur l l 

A I t ltuc!t (m) 
lJ60 l420 2450 "" Aspect , ,IN 

"" "'. Slope ( X) 
10 " " 12 Tree ege Cyrs) ,. 40 40 

Ocrnln.nt tree h.lght (III) 
15 12 15 40 

Tree dlnslty (no In 100 J) 15' ,,' 10' ,,'~ 
!ntlrpl lntl"" dlstlnce em) 1.> 1.> , ,0 
Ar ea of sttr.'.s It crean l'Iel , h t (,I h,") :53 .0 13.9 37 .4 63.8 ,; " 

l 07.8 69.1 235 . :0 
StK'l vo l Ul\e ( hI) 

Est ima ted c.nopy cover ( Xl 95 30 " " Esthl ad l'IerbliceouS c:>.·e " ( Xl 1;:0 " 90 "0. of 50le i n in ~ ornt floor 21 " " " · uc l l..d in; 8 ulq)S; Zt t,notl.bers; 3t~c t l.id !n; u."li n.s . 

• 
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a reas wh ic h ar c now planta t ion fores ts \l, c rc. bcfo re plant ing. co\e red b) n:llunl 

fo res t s imi lar to th e one studied he re (vo n Bre i tcn ba c h . 1961 : Frii s. 1992). The trees in 

th e plantatio n s ite s of C. fIlSIfOIl;( a an d J . proura were . in 1990.28 a nd 40 years o ld 

re spec t ively. whe reas the l ign o tuber s in th e E. globll l us si te were 40 yea rs old. 

O r igi nall y the plantatio n tree spaci ng seemed to ha ve bee n 1.5· 2.0 m, b ut so me t rees 

had been cut at an ea rl y stage and the trees in the plantatio ns no w appeared to be 

di s tributed rather irregularly. Acco rd ing to the ma na gemen t prac ti ce all E. globulus 

had bee n cut, and the regr owth (copp ice) r ro m the iig no tu be rs wa s f ro m 2·6 ye a rs ol d. 

3. t'olaterials and Methods 

3. 1. lilt erfall 

In Februa ry 1990. ten COll on c loth bags. 75 cm dccp and with a n opcni ng of 

app ro xima tely:S cm diamctcr (area,., 0.06 m:\ "crc placcd in cach fores t site. The 

bags wc re fixed by " oode n pegs a tthe corners. 3nd "'ere slighti} rai sed abo\eground 

Thc l itt er in e3c h bag was collected 3t app ro '(im3tcl } mon lhl ~ inte n als for 2.: mo nth s. 

e .'(cep t in t wO cases ( Febru3r~ · l\ l3rch a nd septcmber ·Oclober 1991) \I, he re two mon ths 

of litter f 3ll were collected toge th er and the dr~ \l,cigh t \I, a s considered equal fo r the 

I W O mon t hs. T he litte r was dried :"11 SOoC and so rted in to th e f ollo\l, i ng liller 

co mpo nent s: lea ves; small branches and bark (~~ e m diamete r ): mi scella neous f ra c ti on 

(ma in ly re prod uctive p3rt s. but also fine planl fra gme nt s. etc.). The liller co mpone n ts 

we re co mpara ble to th e" f inc l ille r" of Proc to r ( 1983 ). After \l,eighing. t he componets 

o f eac h sampl e were bulk ed for subscqu cn t chcmical anal~ s i s . perfo rmed on th e f i rst 

17 mo nth s o f l ille r collection . 

3.2 . Deco mposi t io n 

The lill er bag tec hniq uc ( Bococ k et af .. 1960: Ande rso n a nd Sw if t , 1983) \I,'a s used to 

study th e pa tt c rn a nd rate of l itte r decomposition and nu t rient rele:lSe . Senesce nt 

lea ves were co ll ec ted fro m mat u re \Tees o f the species c ha ra cte r izi ng the respec t iv e 
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sites. T he leaf l itt e r of C. IIf{l(nm(n and J r",C('rn co nSISls of fi ne no n· .... ood} t .... lls 

with sma ll scal y lea \e s sl ill alla c hed : Ihl s ma ler. :11 .... as. he nce. use d in Ih e si tes .... Ith 

the se spec ies. In the natural fo res l Ihc p ro Po ri io n o f plant mal e ria l used o f th c 

different tree species wa s equ ivalenl 10 th e species' respecti vc ca no p y co ver in Ih e s iT e. 

Twent y·five grams o f leav cs we re put into c3c h 20 c m X 20 c m n ylo n-me sh bag. me sh­

s ize 2 mm. T h irty·two bags were ra nd om ly placed in eac h o f the s ite s in Februar y 

1990. The lille r of Ihe c urren I yea r W3 S rem oved. Ihe bags we re pinned to the fo rest 

floo r and the remo ved lill er wa s pla ced bac k to co ve r Ihe ba gs. In ea ch sitc. fo u r bags 

we re collected rando mly e ver y three month s over a period o f two yea rs. The bags were 

ca re f ull y brus hed f ree of foreig n mat e ri al. The deco mpos ing litter wa s rc moved fro m 

Ihe ba gs. f ine rOOtS pene t ra t ing the mesh " cre e '< e lud ed and the li ll e r wa s Ol e n dri ed 

3t 80°C an d we ighed . T he fi rs t I:: month s' CO llecti o ns o f dec ompos ing l i ll e r " e re 

an a lyzed chemi c all~ fo r :-.J . P. Cl. ~ I g a nd K Fo r ele h l ime of COllec t io n the d r ~ 

" cigh t and l mo u n l of nu tr ic nt cle ments rem:lIn ing in th e d eco mposi ng hll c r \1.3 5 

C31cul al ed l S 3 pe rce nl3 ge of the inl 1131 pool s ize In Ihe hile r bags. 

A si ngle e '<po ne nl i31 eq u3t ion (Olso n. I Q6 -, ) \ 1"' 0 '" t ' kl " 35 used 10 eSI im3 tC I he \I. c igh! 

3nd nU l rien t loss f ro m th e l ill e r: '" is Ihe .... e lghl (ml SS of nutr ien t clemen t) rem3inin g 

a t l ime t. X o th e in iti31 wei gh t (m3sS of n ut rie nl c le men!) 31 Ihe beg in nin g o f thc 

e xperiment lnd k th e deco mpos it io n conSll n!. T he hll f l ime o f ma ss an d nutr ie n t loss 

(0.693 / k ) an d Ihe l ime a ft er wh ic h 95~ m3 SS and nUlr ie nt .... e re 1051 (3/ 1.:. ) \l. cre thcn 

cal c ulated using thi s mode l. 

Furthermo re. th e ann ual amo u nt o f nutri e nl s released fr o m deco mpos ing li ll e r 

eQu ; \" a le n I to o ne ~ ea r o f lill e rf a ll \\. as cal c ullt ed l nd comp3fed .... it h Ihe l nnU l I inpu t 

o f nu tr ie n ts w i lh Iill erf:lIl . 
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3.3. Chemi ca l a n at y~ i 5 

T he c hem ical anal ysis o r plan! ma lerial ~3 S do ne at the Dep3r1ment or Pla nt Ecology, 

U niv . o r Copenhage n. An3 1Yl iea l procedures r ollo wed Alle n ( 1989). F ive: sa mples or 

l ilte rra ll (t he te n sam ples were bulked in pa irs 10 y ield rive sa mples) a nd ro u r sampl es 

o r d eco mpos in g l ilt e r r rom ea c h sit e and t ime o r co llec t io n we re gro und in;] Cyc lo tee 

1093 Sample Mill (Teca tor. Sweden). Su b'sam ples o r 0.25 g were wet as hed in co nc. 

H NOs, anal yzed by a to mi c abso rpt ion spcc trophoto mc lf Y r or Ca. Mg, a nd K using a 

Pe r kin- El mer 5000 alOmi c a bso rp t io n SPCC lropholOme te r. an d ro r P by th e 

Moly bde num Blu e met hod using Tecto r AQuate c 5400 Ana lyze r. N wa s det erm ined by 

th e se mi· mi c ro K jeldaht meth od with a kje ltee Aut o 1030 Anal yze r (Tec to r. Sweden) 

a r te r d iges tin g 0.5 g sub· sample s in conccn trated I 'I ~SO , with a selcniu m catal ys t usi ng 

Digest ion Sys tc m 40 (Tecato r. Swcden ). 

3 .... . S ta t is tica l 3 n 3 1 ~~ i 5 

T he we ig h t a nd nutrient conten t or litterrall and decomposing liller ~ere a n al~led 

st:1I is t ical l y usi ng one· .... a ~ 3 n31 ~ sis o r \ :nia nee ( ~\ '=O\, A) a nd thc mu ltiple campa ri son 

SlUe ndt · Newma n- Keul s (SN K ) le st .... ilh p < 0.05 (SO ]..31 &. Ro hl r. 1981: Da~ & Quinn. 

1989) in o rde r to ill\esligale Ir significant dlffcrenccs occurred in li ll e rral1 3nd 

d eco mpos iti o n nil e am ong sit cs. St3 t is t iC31 :l na I ~ sis or d31a e "( presscd 35 percenta ge was 

pe r ro r med ar te r SQuHe rOot-3rcsi ne t r:ln sro rm:lI ion . 

4. Res ull s 

4. 1. lill crr a ll 

T he to ta l litl e rr all in the ro u r s it es (calcu l:lI cd r rom Ihe IWO ),e lr per iod ±. s tanda rd 

e rr or o r t he mea n) .... as 50 1 ± 76. 583 ± 10~. 653 ± 99. and 10 7!. ~19 g m" ye 3r· 1 in C. 

/lIs;tanica, E. glob//l//s. 1. pr()("na 3nd the na t ura l r o res t. respect ivel y. The a nn ua l 

l itl e r rall in th e r irs t yC H W3 S muc h lo .... ·cr th3n in thc seco nd yeJr: 326. 41 6. 576. 3nd 

961 g m· l , respec t ivel y. eo mp 3Ted wi th 677. 750. 749 . 121 3 g m , 2 in th e seco nd yenr. 
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Table 9. Pearso n product · mo ment corre la ti on be t ..... ecn monthl y 3\e rage r3 ln fall (Holleta 
Gene t, 1990-92) a nd total monthl y litterf311 in Ihe fou r si les. n • 24, ' P < O.O S, " . p < 0.0 1, 
ns: non si gn if icant . 

Cypt usy, Iy,lt l l'lita 

f ue, l yptys g lobul us 

JIl'I; peru, ~ 

Natur, l for est 

Cor r ' l l t ton 
co.fflctent 

0.6469 .. 

0 .5660 • • 

Ta ble 10. Rate of loss of dry matter and nutr ient elements, half t ime (y rs) and time (y rs) 
requi red for 95% loss from litter mesh bags on the forest floor of the f ou r sit es. Loss or 
elements estimated from a 12 months per iod, dr y matter from both 12 and 24 months (m). 

Ory qUlr • , 
" 

, 
" " . ". 

11: vl h :e "- IUSit MiclI 1. 121 1.896 • • 7~3 1. 790 2 .49a 3. 51! 2 .a18 

L g l obl.l lus 1. 317 1. 461 1. 2_5 1. 309 1.76C 2 .9_0 2 . 420 

1.:..~ 1. 540 2.250 2. n, • • 6.61. 2 . ~3 3.854 3 .212 

lIatura l forest , .061 1.490 . ' 33 1. 266 l.ne 2.91' 2. 392 

Mi l f t i~ ~ l u" i t .. " l c 8 0. 618 0 .366 0 .398 0. 187 0. 217 O. ' 0;1 4 0 . 246 

.L. g l obulu! 0 .526 0. 472 0.551 0 .530 0. 39. 0 . 236 0. 2M 

1.:..~ 0.450 0. 308 0. 291 0. 417 0. 258 0.180 0 .216 

~ a :_ · II. fores t 0 .649 0. _05 0. 0 ' 2 0. 547 0. 392 0. 23a 0.290 

'" Ion £... lusi te" i c", 2.076 1.582 1. 721 1. 676 1. 20 ' 0. 838 1.065 

L gl obl.l l us 2.277 2.045 2."0 2.292 , . 705 1.020 , . 240 

1.:.. procer", 1. 948 , .334 1.2e7 1.803 1. 118 O. 77S 0.934 

N8tur ll l f oreS! 2.810 2.013 2 . ~_a 2.369 1. 605 . • 029 1. 254 
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Total l i tter faJl in the forests (g / m2) • 
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The leaf l itter eo nstitu led 57.6,77.2.71.9 3nd 65.5%, brlnehes ::0.9.2:: ,23.7 3nd 

19.2%. 3nd the mi sce llaneo us fncti on 21.5,0.0, 44 3nd 15.4 o f Ihe 10131 3nnl.l31 

litterfall in Ihe fou r sile s. 

The 10lallillerfall was h ig h during Ihe drier months and lo wer dur ing Ihe wei mo nlh s 

(June - Augusl). and was neg3li vcl y co rr eia led wi{ h rain fall , excepi in Ihe C. 

luS;lalliea site (Tab le 9). A major peak of litterfall o f C./usilDnicD occ ur red be twee n 

Feb ru a ry a nd Ma y. whe re3s the E. glohullJS lill erfa ll was highest in Seplembe r­

Nove mbe r and Januar y-March (F ig. 7. Fig. 8). The unimoda l lillerfall paltern o f J. 

procera was si mil a r 10 that o f the natural f ores t ( r • 0.78; p < 0.00 1). wit h high 

litte rf all in Octo be r- April a nd low linerflll in Jun e- Au gUS t. The J. procua lillerfall 

sho wed some similarity to thlt of E. glohulln ( r . 0.59; p < 0.0 1), lilho ugh thi s species 

tended 10 h3 ve l bimodal patle rn Lillie simi l:.rity Y,lS obsef\ed be t .... "n the C. 

IIIS;/(III;ea sitc and the o th er sites. The liucrflll "lS sig nificantl~ higher in th e nltunl 

f o re st than in ln y o f the three plantlt io ns in 18 of the 24 months stud ied (Fig. 7). 

The sudden r ise in tOl31litterf:l1l in o\pr ll (fi rs t ~e lr) lnd Febru lr~ (seco nd ~e lr ) in 

thc C.lllsiiall icn si tc .... l S plrtl~ due to thc incrC3SC in the input of rep roductl\ c p:lrtS 

(co ncs. includ ed in thc mi scellancous frl c l io n) ( Fig. 8). The v3 ri,lIi o n in the 

mi sce1l3neo us fract ion in th e nlt unl forC St "as due to rep roduct;\c pa rt s of O. 

ellropaea ssp ClIspidala. J . prMl'ra, E. C'a(lf.'l/f/f and P. fll/(al/l~. and due to J. proara 

co nes in the plantation of thi s species. No repr odu c ti ve o r o ther f ine litter compo nen tS 

belong ing to the mi scellaneous fr ac t ion wcre re cordcd in Ih c E. glohu/lls s ile as Ih is 

co nsisted of euc31ypt l ignotubers .... ,ith yo unger cop pices. 

Thc Nand Mg concent r:u;ons in the liu erfall fro m the fo ur si tes ranked: C./lHllalll(D 

< E. globl/IIIS < J. proara < n3tura l fore sl (Fig. 9). K fo llo wed Ihe sa me tre nd. exce pt 

Ih31 Ihe co nce ntrati ons in E.g/ohll/lls 3nd J. proura litter were si milar. P 

co nce n trati o ns in C. "Hi/mriea and E. Glahn/us li ll e r were si milar and lo wer than in 

so 
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1 . prO("('ra and the natural fore st. The concentration of Ca .... as higher in C /uJltamr o 

fo ll o wed by the nalural fo rest . E. glofoll/lH 3nd J . rrnaro li lf er. 

K was the most variable o f the n u tr ien t el eme nlS in the litte r ove r the yeatS ( Fig. 9). 

The K co n ce ntrati on in the liller W3 S d epr essed in J ul y-AuguSt and Fe bru a r y-Mlrc h 

in a ll s it es. and it W3S ne gat ivel y co rrelated with r3in fall i n C. ItH;f(J"ica ( r . -0.S6, p 

< 0.05). E. globllius (r. -0.S6. p < 0.05) and th e natural forest ( r _ -058, p < O.OS). T he 

N co ncentrati o n in Ih e litter showed l ill ie o r no vlr iati on through out Ihe year, with 

t he except ion of the increase for E. gtohl/IIIS in Ma y-Jul y. P wa s stabl e in C.lllsi ta nica 

an d E. glohullls litter thr oug ho ut the 17 month s. Co ntr3 st ingly. P fiu e lu alC::d in li tt er 

of J. p rocern and the n3tu ral fo res t. an d the changes, wh ich .... 'e re car efu ll y rec hecked 

anal y t ica ll y. " 'e re nOt co nsis te nt i n the t" O ~ears . The concen tra t ion of Ca a nd Mg in 

li n e r wa s rcl ::lIi vel y stlble .... it h lime . 

-' .2. Decom position 

The loss o f dr y weight in l ill e r o\er thc :J·mo nths peTlo f ollou.ed the S3me !Tend in 

:I ll si tes (Fig. 10). T he slowes t decompos iti on '"a s fo und in the n:lIur :1I fo re s t After: .J 

mon th s. the rem :li ning dr y u. eigh t u.:t s s ignific 3 nt1~ highe r in the n3tur31 fores t and 

C. /ll si inn icn s ites th3n in Ih c E. g'ohl/II/~ 3 nd 1. procNn si le s 

T he co nte nl of P in the de co mpos in g lill e r. exp ressed a s perce nla ge o f th e initial poo l 

s ize ( Fi g. II ). in cre ased s trong ly in all sites in the firs t ph ase of li ll e r d ecom posi t io n. 

The same applies 10 1'1 i n th e natu ral forest . T he N:P ra l ios were bet"ee n 22 a nd 28 a t 

the s tart o f decompos itio n, dr o pped to bC lween 6 a nd 8 ( 16 for E. glohu/lI.J) at month 

3 a nd in c reased to be lween 15 and:7 a l mo nth I:'. (Fig I:!). The amount of N. Ca. Mg 

and K remai ning after 12 mo nths of l ill e r decomposi t io n (Fig. II ) "as s ig n i fi cant ly 

higher in the lilfc r of E. gl()hl/lu~ an d in Ihat of the na tural fo rest tha n in the li lfe r i n 
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100 
% remaining of initial dry matter 

40 " 

o 5 10 15 20 25 

Months 
- Cupressus -+- Eucal yptus -- J Uni per us -..:- Nat ura l l ares 1 

Fi g. 10. Dr y malter remaining :15 % of th e innlal content in liner mesh bags o n th e forcS! 
rioo r, ove r 24-months period1n. 4 per site . For eac h mo nth o f samplin g, site me::!.ns with the 
same letter are nOt sign ificantl y d irferen t tt l P < 005 (S !K te st). 
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input of nU lr ienl ele ments fr om leaf nnd fine branch fall. and amOU DIS 
f rom litter d urin g one year of decomposilion. Ind elemenl pool si zes in the lOP 40 

soil. Pool si zes a re based on dala from Michelsen e l al. (199 3). For Ihe soil, N is 10111 N. 
P is the available fracti on aad Ca, K and Mg is th e exchangable frac lion . 

Site 

.L. lusl U l'll ct l'1lUt with l it ter 

Re l els, f rom I l tt. r 

Pool 11'1 t op 40 CIII loll 

l:. g\otlvtu, Input with I Itur 

.. I .... froa lltt.r 

Pool 11'1 tOf) 40 at l ol l 

l. W<l£l Irp..lt with titter 

Ri t e • • • fr om litter , 
Pool 11'1 top 40 c::. so tl 

H.tura l fo rest Input with litt er 

~e l eese fr~~ li : :er 

Poo l In too 40 c::. 10 it 

, 
2. 27 

1.87 

1274 

2.12 

1.51 

1344 

.... 
5.47 

1297 

12.60 

:.55 
12,. 

-• 

lIwtu U ,,;2 ..... r· l ) . nd pool s h u ( ; .. ' 2) 

• c • , 
" 0.1 51 9.69 0. 996 0.656 

0.126 8 .89 0.96& 0.617 
1.24 3670 19' '" 
0. 116 5.22 I . 78S 0. 594 ..... .... ..... 1.541 

2." .... 15' ". 
0 .416 " .... 2."" I . S40 
0.331 7." 2 . 584 1.4n 

'.n 4020 2)0 517 

O.7eO 17 . M 6.267 2. 901 

O.5~O 1 .. . &0 5.~Z7 2.636 
2.60 3905 m , .. 
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the twO ot her spec ies. WhereH th e am ount of P remaining .... as e ual,n all four sites 

The s ites co uld be arr anged in th is sequence .... lIh respect 10 the rale of nUlrlcnt 

ele ment release after 12 mo nth s: J . p'ourn > C. lll11lanlca > E. globulus > na lural fores t 

(Table 10). The exceptio n wa s P. wh ic h had s imilar relca se rate s in J . proura and C. 

lusitanica litt er. The rate of nutr ie nt clemen t rel case and dr y weight loss in the f ou r 

si tes was: K > Mg > Ca > d ry weig ht > p . N. ex cept in ) . proura where N > P. 

4.3. Nulrient ret urn 

The an nual input o f nutri ents in lil1crfall . and the net amount of nutrien ts relea sed 

in the firs t yea r fo ll owi ng litterfatl fr om deco mpos ing liller in an amo unt equ iv a le nt 

to o ne year of litt e rfall is gi ven in Table II. together wilh the nutrien t clement pool 

sizes in the lOp 40 cm o f soil (based on dal3 fr om \I ichelsen {'t nl., 1993). The nutrient 

input to the so il by litter of the ' .... 0 ('( otic tree speci es .... as ge nerall ~ much lo .... er than 

fo r ). procera :lnd. nOl:lbly. the natur:!l fo re st '\ S :l co nseq ue ncc o f Ihc rclall\el) high 

ralc o f relea se of Ca. Mg. an d K th e inpu t of the se clements .... ' as nearl} balanced .... llh 

relerlse af te r one ~ear in :111 site s . .... herea s the propo rti o n of '\J and P rcle:ued wa s less 

th3n Ihc input. 

5. Disc uss io n 

5. 1. Litlerfall 

Th e obse r ve d linerfall in the natura l fo re st ( 10.9t ha' i ~r") is in the upper P3rt of the 

ran ge (3.6·12.4t ha · 1 yr") reco rded fo r tr opica l forests ( Bra ~ & Go rham. 196J: T anner. 

1980; Ander so n & Swift. 1983: Song .... e ttl nl .. 198 . Sc hm id t. 1991 : SCOII t l nl .• 1992). 

al so when the in ve rse linCH rela t ionship bct .... ec n liuerfall and latitude in the tr op ics 

( Lugo & Bro wn. 1991) is conside red Ho .... c ... er. fe .... figures ('(isl of line r fall in 

montane fo res ts expose d 10 rainf311 comparable in size and seaso nal di str ibUllon 10 the 

." '"'' .. .. ~ . 

, (,'1> \ ~ 
~~ ,.... t: 

c" .... to. ~ . ~ ... ..,,' -

fore s t s tud ied her e. 
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The li tter production in three plantations ~3S 10\lo( r (5 0·6 S I h3 " yr") Iha n I h:1I In 

thc natural fo rcst bu t s im illr 10 Ih31 recorded In chm3 1lCa ll) co mpar able: pl3 n l311o ns 

(Bray & G o rham. 1964; Lun dg Ten . 1978: Egun jobl Onwcluzo. 1979 ). Lund&rcn ( I 71) 

reco rded a Iittcr fall s imilar to Ihal of Ih c prescnl stud y: S.2 1 ha , l yr" in II 20 year o ld 

C. lusitQllica pla n tati on in Tan za n i3 ::as opposed to ;1 li ll er(311 o f 1.8 I hll ' l yr ' ) in II 

na tural fo rest. T he high standi ng c rop and spec ies d ive rsi t y of trees in na tural fo res ts 

co mpa red w ith yo un ge r monoc u lt ures ma y explain Ihc higher lillerfall in the natural 

fo re s ts. T o tallittcrfa ll is l inea rl y rcl:lI cd to Ihc siand ing c rop (Bro wn & Lugo. 1982). 

As the pla ntat ions we re sl ill in:1 Tather earl y s uccess iona l stage . t he polentiallitterfall 

in ma ture planta t ions could be highe r th a n re sult s obla ined h o m younger pia ntal ions 

(o r coppice d plantation in E. glonl/lm) sugges t Some o f th e fe .... · o ther co m par isons 

bel ween l ine rfall in pl3nt :uions :lnd n31ural trorical fo res ts sho .... s im i13r li u e r fall in 

t he 1\1. 0 t ypes (Brlse !! & Sinclair. 1983). or e\en hi g her Ime rfaliin pl:lnta t io ns than 

in secondar y fo res ts (Lugo. 199 : ), T hi s is prot-3~1~ p:lrIl~ due to the OCc urrence o f 

natura l fo res t tre e species re ge ne ratin g in the plan tat ions In \est ig3led b) these 

a u th o rs. and partl y due to spe cies C h :l r :le l eri s ".: ~, In thc plant:ll ion si tes in ~1cn :lges h :l 

s uc h species were at the seedlin g or s:lpling s t:lge :lnd did not co n tr ibute muc h to 

lilte d al1. 

The negative co rrelat ion betwCen litt e rf :'lll 3nd rain f all in the si tes (e~ ce pt in the C. 

IlIsi/(lIIic(I si te) (T3ble 9) corresponds with most result s fr om l itlerfall studies in 

trop ica l fo rests (Lundg ren. 1979: So ng\l.e t'l (I/.. 19 8: Mart i nc:z·Yriz3T • Sarukhan . 

1990; Sc hmidt. 1991 ). Thi s co rrel 3 t io n is explained b)' th e effec t o f .... a le r s tre ss o n 

abscission o f lea ves and smaller br:ln c hes (Song ,,",e el al. . 1988; ..... ift Ander so n. 

1989 ). Neverlheless. the pl3nla t io n t ree s as ,,", e ll a s almos t all species In th e na tu ral 

fo rest re tained th e majorit y of their lea ves thr o ughOut the year . :lnd the a ss umpt io n 

of Frii s ( 1992) o f th e nalur31 JIIIII(,(,,,,( ·O/(·(I·PoJ()('(lrpllf fo res t:l s b:u ieall )" e \er gree n 

is therefo re corr obora ted . 
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The hi ghe r litt c rfall in thc sceond Ih an in the fu st )C3r o f dan coll cct lo n. notil bl ) In 

the C,lllsitallico and E. g/ohll/lls si lc s. is unli~cl) 10 be attTlbuted to the r3infa ll paltern 

w h ic h, howe ver . of len ca uses slro ng bet v.·ecn- year va ri;uio n (So ngwe tt al .. 198 ). Th is 

is beca use the annual rain f311 v3 ri ed l illi e. being 1083 and 977 mm in the fim and 

second yea r, respcCl ivel y. Also, the p311crn of rl in f311 distributi o n did nOt var y much 

in these two years. Higher wind ve loeitics in the seco nd yelT seems to be a mo re 

p robable facto r beca use the branch fra ctio n increased (fi g. a). but no rncte roiogical 

d31l a re a va ilable to co nfirm Ih is sugges t io n. 01 hc r stu d ic s (e.g. Egun jobi On .... ·ciUIO. 

1979; So ngwe el al., 1988; Dant3 S & Phill ipso n, 1989) also sho w cons ide ra ble vari3ti on 

in litler fall between yea rs, but th e p rese nted va riati o ns arc am ong the highest 

rcco rde d between yCHS (Procto r, 1983; 1984). T hi s emphl s iZ(: s the need fo r long·term 

l itterfa ll s tudic s. 

5.2. Dt"Co mp osi li on 

T he high preeipit:lIi o n :lnd tempe rl t ure of t rOpiel l e ll ml ICS ~ Idd l generlll ~ hIgh rltc 

of dec o mpos iti o n ( Esse r &. Lieth . 1989 ). The dcco mposit lo n rJ l::' S in thc four s ll cs l Fig. 

10. T:. bte 10) were in the upper PHt o f the rl ngc rcco rded fer si mi1:l r elimlt c in thc 

tr o pics (Swifl & A nder son, 1989; P31 m & S:l n.:hez. 1990). LCI .;' J I~ dec ompos it iOn rl tCS 

H e modif ied by diff erences in substrlt e qU31it y ( Mecntem e ~ er. 1978: And c rso n & 

Swi ft , 1983; Vit o use k. 1984 ). Since the four s it cs in th e prescnt s tudy werc c '( Posed 10 

similar climat ic co nditi ons. thc 3mong-sile differences in litt e r decompositi on rates 

sho uld rclatc to th e s ub~ tra te qUlti ty. 

After 24 mon ths. th e remai nin g dr y weigh t "":IS s iinific3ntl~ higher in Ihe n:lIunl 

fo res t and th e C. 11I5/1(7.lII e(7. si tes thln in the E. gln" 1I/1I1 3 n J . proura sites The 

rellti vel y s low decompositio n in the n3t u r31 forest is perhaps su rpri sing as J . proar(7. 

(w ith the f as te s t decom posit io n ) .... as an im porlant cl ement'" th is si te. I-I O .... e\e r. 

scleroph yllous lea f lill e r o r other trees in th e si tc (e.g. O. ~1I , npntn spp ClupldntlJ and 
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P. lalrallU) were ineluded In the bags. and thi s hiler rna ) h3\e been decomposing 

rel atively s lowly. 

Dr y ma ss and nu tr ient clements ma y be lost fro m litte r b3gs by leach ing. 

minera l iza t io n and di rect tra nsfe r of litter fragments 10 the mineral soil (Swifl n al .• 

1979; O'Con nell , 1988b; Pa lm &: Sa nchez. 1990). The a mounl o f ca l io ns rema in ing (as 

co mpa red with the o rigi na l poo l s ize in the !iller bags) showed a simila r trend of 

decline in all s ites. Howe ve r. K h3d the mos t rapid nne o f rel ease. f oll o lA.·ed by Mg and 

then Ca (Fi g. I I). Thi s order confi rms report s f ro m ot her tr opi ca l f orests (Sw ift ~I al .• 

198 1; Ande rson & Swif t. 1983; Palm & Sanchez. 1990). Of I he ini t ial a mou nt of K. 32 • 

49% wa s los t from dceomposing litte r durin g th e fir st three months a s co mpared ..... ith 

:I wcight loss of 28 .40%; thi s indieatcs inili:1I le3chi ng loss o f K. Th is element is no t 

highly assoc i:lIed with th e structu ral m3terial of Illter and mineralization is nOI :1 

prereQu isi tc fo r releasc (O"Co nnell. 1988b; Sh3rma t.: . .l,mb3sht. 19 7)as Lt is gene ra ll) 

leached in 3d van ce of mi erobi31 dee3) (S" if I 1'1 fll. 1981; O"Connell. 19 8bl. LeaehLng 

al so appcared to contributc to the loss o f \l g dUring the initial phase of deeomposL t Lon 

becau se its rate of rele:lSe exceedcd Ihe rate of "eight loss." hereas th e release of C3. 

appr oximat ed the loss r;lIe of m:lSS. scemcd prLmlr"~ 10 bc rel31ed to the cellular 

dcca y. 

In all si tes nct acc umulat ion of P. and I in the n:llural fores t. "lsobser ved during the 

fir s t thr cc mo nths o f decomposition (F Lg II ) In subseque nt months the Nand P 

conce ntrati o n deerea scd in dec ompos in g litter Both earl) ;..: and P imm obi lizat io n 

(Anderso n & Swift. 1983) 3nd decrea ses in Nand P concen trat ion foll o'Aing mass loss 

ha vc bee n fou nd (Swifl rl al .. 1981; Sharma Am bash1. 1987). The high 3cc umul3ti on 

o f P in deco mpos in g lille r in thc firs t mo nth s have becn obse rvcd in forestS elsewhcre 

(U padh ya y & Singh. 1989: Palm &: anchel. 1990) The accu mu ia lL on cou ld be fro m 

f31l ing liller . he rbi vo re fra ss. precipitat ion. Ihr oug hfall. s lemflow. the soi l subs true. 
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a nd f ro m ing rowlh of fu nga I 1'1 )' phae (5 .... If I (" (II. 1979. O·Connell. 19 b). \I )'co rrhlul 

fung i we re abund:lnl in rOO IS and soil of Ihe SHCS ( \I tchelsen n at 1993). and . could. 

logelh er wilh s:lprolr oph ic f u ngi. :l ccounl f or :I m:l jor pari of Ihe P accumulali o n. 

Ih ro u gh fung:ll in growt h a nd P Iran s localio n in the h yphae. The .p rat ios i n f resh 

li tl e r were rela l ivc:l y hi gh co mpared ..... ilh mOS I othe r si ud ies (Lu go &. Mu r ph y. 1986: 

Nadka rni & Matel son . 1992). Thi s suggeSlS P l imitatio n in the soi l Su bs trates. a 

h y pothesis supponed by Ihe lo w a vaila ble P fo und in all Ihe so ils (Michelse n ~l al .• 

1993). The c han ges in N:P ral ios in decomposing lille r wilh t ime (F ig. 12) f o ll o wed a 

si mil a r t rend as those reported by Palm &. S:l nchez ( 1990). As 10 is the ideal N:P n l io 

fo r de composers (Vog t el (II .• 1986) Ih e high r:u ios indica le Ihat P wa s limitin g Ihe 

l in e r decomposit io n in th e C. !/lS/I(lIIIC(I and Ihe nalural f oresl si tes in th e beginning 

and :I t the end . P seemed 10 limit decomposi ll on of J. /lrnccrfl liller in the beginning 

o nl y: Ihi s si te had the hi ghest am ount of a\Jtlable Pin Ihe soil of the fo ur sites 

(M ichelse n el al .. 1993).Jnd liller deeomros Hi on "as f3SIe St fo r Ihls species (Table 10: 

Fig. 10). E. globllills litter decomposi l ion :aPPc:lred 10 be P-hmited during th e"" hole 

period . 

5.3. ;"J utr; e nt f(' l urn 

T he soi l p roperties in the thre e pl:1ntalion s ites prior 10 the eSllblishment of 

plantat ions 28 to 40 yea rs ago 3re assumed 10 h3\e been si mi la r 10 those p rese nll y 

reco rd ed fro m Ihe ne:lrb y n:l1ur:lI forest because the Sites 3re .... ell wilhin th e a rea of 

Ihe c h3 raC te r isli c fore st type o f th e central highl:ands of EthiopiJ which covered Ihe 

SiteS bcfo re t he f ores t was cle:Jfcd for pia nlat ion cst:! blishmenl ( ... on Breilenbac h . 1961. 

F r iis. 1992). T he SOil types o f Ihe s il eS "" ere s imilar and o nl y sma iler differences in 

soi l nutrient co nt en l were found bet .... een si lcs ( \ll e hel se n ('f al .• 1993). These cannot 

al one exp la in (h e lar ge diffe rences in n utrienl clemenl co nl cnt o f li (ler between si le s. 

w hi c h pr ima rily mus t be attri buted 10 the charac teris ll es of Ihe species In\olved 

The li tte r am ount in the fou r s ite s sho""'ed Ihe same trend 3 5 th e litte r qua lit y, bo th 
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we re rela li vel y lo w in Ihe C/IIJIlQn/("n and E. gl""III'1f s ilesand hllhe r In Ihe 1 proura 

s ile an d. nO!a bly. Ihe nalural fores l. Add in g es lima lcs o f rine rOO I p roduello n 

(Mi c helsen et oJ .• 1993 ) 10 Ihe eSl imal es o n liller pr odu el io n (a p rocedure pr oposed by 

Yogt et aJ., 1986 ) docs nOI chan ge Ih e pi clur e o n p rodu cli vi ty in Ihe si les. For E. 

globulus Ih e lo w l ilte r produ Cl ion is par t ly 3 resul l o f s ile eo ns is l ing o f yo ung co ppi ce. 

3 nd fo r C. llIsilnnit"a pa rtl y because Ihe SI3n d age is 28 years. o r 12 years less Ihan Ihe 

1. procera sta nd 10 which it was compared . Nevenhel ess, Ihe considerabl y smalle r 

nulrient inp ut (Ta ble I I ) to the soi l i n th e Iv. osi les wit h exo d es than in the 1. prourn 

plantation and Ihe 031u r3 1 fores l is pr ob3bl y to 3 large extent due 10 species 

e ha raete r ist ies. 

T he nu t r ienl input 10 Ih e so il wit h lill e, fa ll fro m Ih e e '( oties 3nd f rom Ihc nalu131 

fo rCSI was comp:lta ble v. ilh Ih3t of Lund g re n 1 19~8 ) in C Illwalllr n 3nd P {,alilla 

pl:inla!i o ns a nd in a natura ] mont 3nc fOres t . res pecli1el} T he n31 ura l f ores t s lle 

f u rth er mo re h3d 3 n utri ent inpul close 10 Ih a t o f 10v. 13nd fain foreslS (SCO II ~ , al .• 

1992). mo nt3n e r3i n fore st ( Ed v.:ltds. 198: )and di s tu r bed nalural fo rem( L ugo. 1992 ). 

T he inpul fr om Ihe e'( ol ics in Ihe presenl stud } v. :u rath e r h ig h co mpar ed v.ith less 

p rOd UCl i\ c 3r C3 5: thc i np ut fro m Ihc [ ~'fI;'/f/If\ ":O PDI CC v. as t v. ICC ::IS lar ge as Ih:lI o f 

a n E. w maldl/ll' l/sis fo resl (Br iggs 3nd ~13 h c r , 198 3). and o f Ih3! o f a 40 }ca rs old E. 

d i l'('fSI("olor SIJ nd (O·Co nn eli. 1988a ). In Ih e 1;lIIcr Ihe inp u l fu rt he rmo re hi ghl y 

exceeded release as thc r31e of d eco mpos it io n and nU lr ient relu rn was rela l ivel y sl o w. 

pe rh aps due 10 lower su bs tr31e Qua lit ) . 

The prec is io n of Ih c account on nUlr ient inp u l and relea se (Tabl e II ) is a ((ec ted by 

tn e limita t io ns o f litt crfalland d eco mpOSI t iOn s tudies. As 3n e ,( 3mple . d ec ompoSl ll on 

in mesh bags ma y u nde r eSlim a lc ac tu31 de co mpos i ti o n o f u nd istu rbed l ill e r o n Ihe 

f o res t fl oo r (Wieder and L3ng, 1981: A nd c rso n a nd Swift. 1983. Proc lor, 1983). A lso, 

th e I iller ma te ri a l for In c d eco mposi t ion Sl ud ies v. as se nescen t le3 'o1 esco lleCl ed d irec tl y 

62 



fro m the Irccs, an d co nseque nt !)' t he h il er \l.a s generall~ of 3 higher QU3111) lh3n 

fall en l ill er in whi ch nUlr ien t ret r3nslOC3tl On m3) h3\<e t 3~en pl3 ee pUOr t03bscl$$lo n 

Finall y, Table II does not acco u n t for nutr ie nt i npu t to sO il \l.l1h fall of b ran ch es > 

2 c m, ste m flow a nd throughfall. Some lea c hing , es pe c ia ll y o f K, ma y have taken place 

befo re fall o f l itt e r a nd / or litter COll ec t ion 35 K conce ntra t ion in fallen l i tter .... 3S 

nega t iv el y correlated with rai nfall , Ne vert hel ess, it appears f ro m Table II th at the 

input of Ca, Mg and K wa s nea rl y bal an ce d with rel ea se aft e r one year in all s ites, 

whe reas th e pr opo rt io n o f N and P re leased \.Oo'3S less t han t he inpu l. Th is indi cat es that 

Nand P were more strongl y immobilit.Cd than Ca, K and Mg by the litte r dwell i ng 

biota , 

Expo rt o f nUlr ie nl5 from the si l es \.Ooi t h logg ing \1. 35 not determ ined bu t v. ould be 

ex pec ted to i nfluence the nutrient qcll ng conside r3 bl~ Th iS m3~ especl3ll~ be the 

case for t he si tes v. here input o f imporllnl nUlrient elemen u as -.: , P a nd Mg '" ith fine 

li ll e r f 311 is low, i.e. in the C, /lHi/(lIll(n and £ gif/nll/lll Slles. lnd 3 major P:Ht o f the 

nut r ient poo ithu S ma y be found in Ihe \l.OOd, :15 II .... JS the case in other studies (Lugo 

& Mu rp h y. 1986) 

From th e data on pool sizes of nu tr ient clements in the tOp JO c m soi l (Table I I; based 

on data fro m Mic helse n el al .. 199j) it is e\ iden t that the qUlnlities of tOl a l :t nd 

ex chan geab le C:t, K and :'·18 prese nt in soil :tre f3T larger Ih:tn the :t moun ts cycled 

annuall y in fine lill e r. Hence. t h e d:t la do nOI point to J r:tpid C)cling of K such :ts 

that o bserved b y Ed .... :trds (198: ) i n mon t:lne r:tin f oreSt i n "'e .... Guine:t . Ho v. e\<e r. the 

qua nl it y o f a VJ ila ble P in soi l of t he n:ll u r:ll monta ne fo rest in the pr escnt s iudy is 

o nl y three lim es l:trge r th:tn the :tnnu:tl liller conlen t of P. \l.hich suggests t3pld 

cycling o f thi s el ement he re . 
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The d imen sionless rati o of mass of l ill e rf:1I1 Inpu t (Ka h· 1 ) r' l) 10 the quantll ) of 

nutri e nt s contained in lillerfal1 (ka ha · 1 ) r· l ) ( V i tou se~ . 1982; 19 4) .... as :an ind eA of 

within stand nUlr ien l use efficiency, was fo r N 221 :and 2H in C. lusrtamca and E. 

glob ulus c o mpa red to 108 and 86 in J . proct'rn and the natural fo ren . a nd fo r P 3318 

a nd 5026 co mpa red to 15 70 and 1394. respec t ivel y. V it ousck ( 1984) ha s eSI ima ted that 

the sys te ms showing va lues> 130 fo r Na nd> 3000 for P co uld be eff icient in that 

relatively la rge a mou nt of orga ni c mail er co ul d be fixed per unit o f nut ri e nt ta ke n up. 

Alth oug h the rati os . in th e presen t st ud y. a rc ob ta ined fr om co mpa riso ns of non· 

repl icated sta nds of diffe rent tree spec ie s. th e p3ttern suggests that the two exoti cs 

ha ve mu c h mo re effic ient wilh in·stand cycl ing o f nutrient elements than J . proura 

and the n::Hural f ores!. s im il ar to the resuhs o f Lugo ( 1992) fr om planl3tio ns an d 

paired secondar y f orests. Co ntr ast ingl)'. bo th inpu t o f mass an d. especia ll y. nut ri en ts 

with liller. and the subsequen t rc1easc of nulr ie nt cle ment s in J. proC{'ra pl3nt3tlOn 3nd 

the nat ural f orest ..... ere high (T3ble 10)' i e th ese s tands had more "ineffie ien t" .... Ithln· 

stand c ycling (scnsu Vi lQu sek . 1984). 

He rbs . shrubs a nd t r ... e seed li ngs in J . /1rOCl'/' (J and th e na tu ral fa res I rna ) bene f it f rom 

the hi g h d egree o f nu tri en t re le :lSc 10 the so il ,.\ \lgoro us he rb3 eeous co \er ma } 

prOlect th e so il f rom e rosion. a desir a ble pro pe rl y o f pla nt a t io n trees in th e Ethi o pian 

hi ghl3nd . With such ch:tr3 ete ri sti es. th e plan t ing o f J . proC{'r(J ma ) be recomm e nded 

A lt hough the her baceous biom3 ss and eo\e r .... a s simi lJr in th e E. globll /ils and J. 

procera s ites. thi s could be :lItributed to th e rcJa ti , el y h igh l ight int e nsit ) in Ihe 

co ppiced E. globllills sil e: th e gro .... th o f bi03SS3 ) pl3n ts in so il fr om the E. globullls si te 

under co n Ir olled experiment31 co nd i1 io ns .... 35 s tro ng ly red uced 3$ co mp3Ted .... ith the ir 

g ro wth in so il o f J . proarn (Michel sen rt al.. 1993). Il o .... e\e r. If the o bject ive of 

p lantat ion esta blishmen t is prima ril y f3 st produc tio n of .... cod b io m3 ss. the plant ina 

of E. globll /lls 3nd C. Imllalllen is suggcsted ( Posehen· Ei che. 198 7: Pohjo ne n. 1989. 

Po hjonc n & Pukk3l3. 1990: 1992). Allh ough the se spceiu m3 y redu ce the germinati on 
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a nd gr o wth o f hc rb3CC Ous spcc ics in the afo u nd ,"o \cr thr ough rclc :ue o f :ll lIeloP:l1h lC' 

subst an ces fro m lea \c s. euc31 ~ pn :lIS £ rn mn/d"/nHH 3nd £ ,nl'l:no seem more 

dam3ging in thi s respec t (LiS3newo rk & MIc hel se n. 1993a). 

In vi ew o f th e obv ious la ck o f Studies on nutr ie nt cycli ng in mon t3 ne f orcslS in 

Ea stern Afr ic3. thi s stud y co nsid ered neig h bou r ing plantations of three mos t 

co mmonl y p lan ted species in Ethiopia 3S well 3S 3n adj3cent undI s tur bed nalu ra l 

mont a ne fo res t. in slcad of se leeling one spccies 3nd 1'13\ ing rcplic3 tcd si les. Th IS lack 

of s ite rcpli catio n in Ih e presenl s lud y should be 13ken inlO acco unl whe n Ihe resulu 

a rc eva luated . The re a re al so d iffi cu II ies inh c rc nt in campa rin g fo rest ecosys lems suc h 

as pl3nt3ti o ns 3nd nati\c fore sts. e g due to Ih e ir differences In 3ge 3nd stru c ture. but 

thi s docs not just if) ign o rin g thc nccd for info rm3t io n f Lugo. 199:: 1. Especi all } Ihi s 

holds true in co unlr ies l S Elh io pil . .... he re the remn:ln lS of the nllu ra] montane fo rests 

arc thre:uencd b~ compl ete des tru ction \I ore s l udies on lSre';IS of nut r ient c\clt ng In 

p]an l3lions o f e ,~ o lic lnd indige nous tree spec Ies 3S co mpared .... llh n3t ur 31 fo rests 3re 

needed 10 e\3]uale the S u S t 3 l nl b ilil ~ of pl3nt:lt io ns in thc El hiopi :ln hig h l3 nds. uc h 

in\est igal io ns sho uld in c ludc eo mp3T3tl\ C s tudics o f pl 3nl3110n species In rep ti c3ted 

Sl3nds in 3 rln ge o f cl imll ic 3nd ed3Dhi..: C(lndltion~ 

S umm a r y 

The p3uern of liuc rf31 l. its nUlricnt cl ement co nl e nl . r31e o f .... clght loss 3nd tclc :IISC 

o f n Ulricnt elemcnts .... cre in\cs ti8:lI cd in ::8· .1 0 )ClrS o ld planl3 t ions o f C. luwomro 

E. globll/lls. a nd J . pmt:l' rn. lnd co mpar ed .... 111'1 that o f In a djl ce nt )ul/ll't'rllf-Ol"o-

PodocarplIs mo ntane fo res l in the Ethl op i3n highland 

The IO ta I annU31 fin e lillerfall W3S 501. 583. 653. and 1087 8 m-' )e3'-' In thc C 

"/HulI/ira. th c E. glohuili f . thc J . " fOu ra pl3ntallo n 3nd thc n:lltural f orcSt. of \l>hl ch 

lea ves co nslituted 57.6. 77 .2. 71.9 and 65.5%. rcspec t ive ly. Li ll crfall .... ·as hllhcr In the 
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natural f o resi Ih::.n in ::.n y o f th e pl3 nt 3110 ns In o f ~4 months s tudied It "':IS 

gene rall y h igh du r ing th e dry mont hs 3nd 10 .... urtng .... e tl er mo nths a nd \'a fl ed 

bet ...... een the t .... 'o year s of stu d y. The eo nce ntr :H io n o f nu tn en t eleme nts In the !luerf a ll 

to so me exten t sho .... 'ed :I 5eason:1I plltcrn. mos t pro noun ced fo r K 

T he f our si tes co ul d be a rra nged in thi s sequence wi th respeCt to rat e o f n ut r ;en t 

rel ease fr o m d eco mpos ing li lt er afte r 12 months: J, proctra • C. iusnamca > E. globulus 

,.. na tu ral f orest Nutrient cl e ment s and dr y ,," eig hl ( OW) foll o ..... ed the release palle rn : 

K > Mg > Ca > OW > N • P. Afte r 24 month s. the ..... ei g ht loss wa s less in the natura l 

f ores t and C.lusilanica sites tha n in the E. globulus a nd J . p,oc~ra s ites. with 11.8. 10.6. 

7.2. and 4.6% remain in g OW. re spec t ivel y. The hi gh N to P ra t io ;n litter in the fir st 

p h3se and in Ih e end o f d eeompos i li o n. or durtn g the .... ho le pe riod in th e e l se o f E. 

glor u/us . i nd ie::.tcs th::. t P .... as g ene ra ll~ li miting fot de,;om posi t io n. 

O"" ing 10 lo" (r ::.mo un t a nd lo" cr nUlr u ion31 qualll~ Ihe an nU 31 nutr ie nt Input by 

li lter o f Ihe 1" 0 n Ol ic s gene r311 ~ "" a s muc h lo""er tll::.n th3t o f J . {', ()Cua 3 nd. in 

p::. rti cu lar. th a I of Ihe n:ltu r::.1 fo rcs t. A conseque nce of the less efficien t "" ithin ·s tlnd 

cyc l ing in the J . fmc('m and n::. tu rl l fo rest sites ma~ be th:lt the he r bs. sh r u bs and tree 

seedlings here m::. y ben ef it mo re f ro m nutri en t cl eme n ts rele3sed f ro m l ill e rf 31lt ha n 

plants in th e C.ll/sHolI/ca a nd E. glnhllfl /{ si tes. 
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CII APTER 1\' 

I MPACTS OF T R EE PlANTATlO~ I~ TI l E ETIi IOPIAN IIiC H LA 0 

ON SOIL FERTl LITV AN D PLANT PERFOR j\ I AI' C[: FIELD R VEV 

AN D 810A A V$ 

1. introduction 

The c urr e nt de grada t ion of the na tural fo re sts, woodlands and bushlands of the 

tT op ica l reg io n emphasizes the need o f tree planting. Eth iopi a isone o f the NE Af r ican 

count r ies most badl y s tru ck by the en viro nment31 c ri s is. Man y p lantati ons with fa st 

grow in g e xot ic tree speci es, main ly E. globu/lls ssp. globu/lls ( Pose he n· Eiehe, 1987; 

Po hjo nen & Pukk a l3. 1990). ha ve been es t3bli shed here since the end o f the 13st 

ce ntur y to meet the dem3nd fo r fuc\ .... ood. timber 3nd o ther tree products 

It has bcen suggested that old Ethiol)lan pllntl t ions '" th e long run undergo 3 

success io n in .... ·hieh indigenous trees such 3S .f carln n"nllmra Hoehn e~ Benth.3 nd 

1. procera es tablis h 3nd ultim3tc\~ rcpll ce the e~otie pllnt3tlon species 

(T ewoldebcr han. 197J : Pohjo ncn .. I!.: Pul..l.. :1I3. 1990: 199~). Such devc\opment .... ould 

make the recent t rcnd of ro rc st degr:ldatl on le ss deleterio us. Ho .... e\er. fas t gro .... 'ng 

£ucnlJ'plIIs spec ies h3 Ve a h ig h demlnd of .... 3ter lnd nutri ents 3nd. furthermore. m3y 

rel ease a l] elopJ t h ie substl nees fro m le3 \ es. bl rk s lnd rOO ts. I n so me 3 re :u suc h effects 

re d uce herb3ceous pl3n t gro .... th and lead to soil erosion ( Poo re Fr ies. 1985). 

Co nsequentl y. th e ind igenous tree seedlings m3 y not be J ble to est3blish.:I nd 3 tt emp ts 

to int ercrop trees .... , ith paS ture grlsses (Singh f l a/. 1989) rna)' fad . The Question is 

thc re fo re : sho u ld th e usc of [/Icall-pllls be rest r iCted J nd pl3 nllng of 01 her flSI Iro .... I nl 

tree s pro moted':' L illie re se :uc h on th e ecol0lica\ effcci of eu(31)PtS ha s been 

undertaken in NE Afr iC3 to lns .... Cr this Ques t ion 

Th c 3 im o f thi s s tud y W3S to inves t ig3te ecological effectS of C. II/mall/co. E, ,tobu/llj 

67 



""" • 

••••• 
11111 

a nd J. procera plan tatio ns in the cen tn l highlands of Ethiopia The ph) sical and 

c he mi ca l c h::lr ac te ris t ics of the soil. the spec ies co mposi t ion. the abovc a round 

he r ba ceo us b iomass a nd nutr ien t co ntenl and the fine rOOt produc t io n of herbs and 

gra sses we re stu di ed in three t ypes o f planted fo re sts a s well as an ad jace n t natu ral 

mo nt a ne f o rest. PrOd uc t iv it y o f hc rbaccous plants in fores t s tands ma y. ho we ve r. be 

influenced by seve ral cO-occ ur rin g f actors. Erro neo us co ncl us io ns o n the pote nl ial 

produ c ti v it y o f so il s in pl a nl a ti onscould thu s easily be rea ched f ro m such dat3 a lone. 

T he rc fo re, t he fi c ld stud ies wer e combi ned with bioassa ys under contrOlled co nd il io ns 

us ing th ree ind igc nous pla nt spec ies: one t ree. A. ah.1'H;"ka. t he forage g rass Cltlor;s 

virgata Sw .• an d te ff (£ ragros/is Ie/ (Zuee.) T roller ). o ne o f th e mos t importa nt ccreal 

c rops in Ethi op ia. 

2. Mat eri als and mtthods 

This study "as conducted co n c u r r e nt l~ IIo lt h tne In\ CS l lgl t lo n o f tn e aspccts of 

nu tr icnt c ycling in the fo ur fOres l sit es. Fu n her dc t:llls of thc sites ar c prcsented In 

Table 12. a nd l li s t of species in Ihe ground co\e r (fo rbs.g ra mlnolds and scedlingsof 

shru bs and l rees) is. toge lher w ith a \ isu3 1 es tl ma le o f Ihcl r co \ e r. gn en In 

Table 13. 

2. 1. Sa mplin g in t h t foru t s i t t~ 

Soi l sa mp le co llccti o ns to in vcst iga te so il propertics and fi ne roo t bio mass v.ere based 

o n the p rocedures desc ribed in chapur II 

The above grou nd biomass o f herbs and gra sses v.a s co llec ted in fo ur rand o m!) placed 

I m2 quad rlls in each o f the four sites T he collec t io n v.a s perfo rmed In Febru:lr) and 

repea ted in J une a nd Octobe r 1990. 

I" o rde r 10 est ima te the grov. th po tential of fin e rOO ts in the up per 10 em so il depth. 

ten soi l co res of 10 em dep lh and 5 cm d iameter ""erc rand oml y dulled in e3ch sile . 
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Ta ble 12. Characteristics of th e four sites in \1en illeshl Stlte Foren 

CUprtSSUJ £14calyptUJ JUlllptrllS Natura l lus /rafltcl1 qlobllfllJ proctra forcS! plantation plantllion plantation 
Al titude (m) 2360 2420 2450 2630 

1',., 
AspeC t 

N NNW WSW WSW 
• 

Slope (%) 10 20 IS 12 
T~ee age (yr) 2S 40 40 
Dom inant tree he ight (m) IS 6 IS 40 
Tree density (no. in 100m2 IS ' 14' 10' 2.25 1 

Inte rplanting distance (m) I.S I 5 ~ ,O 

Area of stems at breast height (m1 33.0 13.9 37.4 63.S 

. 'l.l t 

ha . 1) I II" t 

SICm vo lume (m" ha -I ) 20i.8 69 I ~;S6 

EstImated canop: CO \ er (lib) 95 30 s; 70 
Estimat ed herbaceous cove r (%) J 100 98 90 
Annual fine litte rfall (g m-~) 501 5Sl 653 1087 
:--:0. of speCies in forest floor )1 5- 3. 35 
Light intensity in % of th,lI in the 14 I 51 5 I: ; 20.5 open 

le xcludi ng stumps; 2[ignotub ers; "e :(~luding s:lpilng. 



I, .... 

• 

• " Table 13. lis t of species in the ground COver of the f ou r sites , including sc:c:~lin,s c ( shr u!: s 
and trees less than 0.5 m lall, and the percentage COvcnge of the: species .. present, c:ovenge less than J%. 

',I!.!llt ' l'Ill<! Ihe Most pl,nts poorly e,v,lopta Ind/or Ittrft • . 
Ac:~yr.nthes ,sper. C)'peru. fh:~.rI.!'II;' 

A t eh~ ilt . 'p. Dovy. ! II 'byu lnl" 
Alc.r • ..,us t ' r t e':I1.15 [nrh, rt. ,'.e:. 
A.sp t .n l U"l It!th lopi clr.\ f,rn 

a idei'll pi lou Hellenry,,,, ••• 
C.rlISi edu l is '( . I'flCho. ,po 

Conyu 5p . • H'yttnIJl,rDuffl ell . 

'I g lS! t!!.!!u," si te Host pl,nh normi lly developed. 

Acnyr.nth ••• sper. 

"groch,r i s me l .nantha 

Alchemilt . ped. u 

Andre~;Q~ B~yss i ~ l e~s 

~s~.r.~us .f rie,nus 

6.r ler i ' ~tntr l tes, 

aldens pi l OU 

C'reA cn l eros.ee~s 

Cer isu t cul is 

C,ss l. m i ~loides 

CIIell.nth" hrinou 

Cony:, s ch i~r;i 

Croton ~~crost'enyus 

Cyn. notul Ip. 

Cyno\llou~ I.netolulor.l 

Cyperul f llch erl.nus 

• 

5 

Ol chrOCtph. , . 
Chr'y1 ' n tllftl l l ot I , , 
Digl t.r l, .~ •• Intc. 

oreo;u Ip 

Oyscnor iS:t cl lncpoa l0' CtS 

Ehrher tl t'tttl 

Hyp.rrhen i •• trn.noe,s is 

30 MY~r1c.r ; ... , 1C1 1fo l l.r1 

rly;>ou u s ·:rs ~.o( 11 

Juniper~1 : rocer. 

J.s~ i n~ ; , ~r ! bunc 

Jus t ie! . I.e.nolde, 

2 

(, I.nchoe dtnsl f lor. 

l lgger. t~nto •• 

~.yut1lJ. U"d.tI 

M.yUt1lJ. grtel\l pes 

J. prour. slit MOlt pl. nu nort .. lly developed. 

Achyr.nthe. asper, 

Acritoch.ttt volkt ns li 

~ IChr.J1I1 1 ped,u 

ASC l ep l lo'l~ue, e ll t:i)er 

Aspt enl u:'l sp. 

8trll~ .bys. lnICI 

Oovy. ll, '~ll i n l c. 

50 Elltn h croo" 
fer n 

CO.I IUlI l~t l U!1 spp •• tr lC II'UII 

Gtr.nl~ .r.b l c~ 

Gtrlnl~ . culto l ltUll 

Hypot.te. Tr l flor. 

70 

5 

Opll.!'U:I cO:OOl l tus 

"nlcum pu. ilt~ 

Ph. ulop.l, Imbr lc. t. 

Rhus rvspol ' I 

Schrophul.r llCt., InOtl 

M' k.nlops l , c lem.tol del 

Ol u t t.ropau up. c1JSplc:u. 

PeN'" ut.z'l : ' ..... Otr\l1 i 

Per ' Pice. 1· ~t'~ I 'o \j . 

~. e:· ::e :· * .s . , • • ~s 

Vtrnor'l l . Il l pontlnll 

Vernor'l l . l eOOO ld l 

O~. ll s ccrn ' cu l. t. 

Ol u eutQCItl up. cU5QIe.u 

.hY"'C~o s l l 10. 

S(l4o, u. C!>.i l t ltlor",. 

20 Senec i o CCMoc:.rpo.a 

, 

20 
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11 ~ lI ti 

I r . chypod l~ f l ~ ~~ Iron l tl'lS "oc:~ .ltlltr l Ite l .. noob ll h 
C. r fA eh loro,.eeus 7 

Cl rfl u tdIJll , 

N.turtL JlIl!perus -Olea-Podour pus ' I te MOil pl .nu noru Ll y (l~t l opt(l _ 

Acilyrtnthu u pert 

A;- ;O~n.t:f Yo l ~' r\$i i 

AlI ophytLul rublfo l ius 

Apodytts d lml d l a t l 

IIt rs a.'fII .byss ini ca 

8r. ehypod l um flexu. 

Cl rdamlnt a fr i cana 

C.rfX chlorol'cCut 

Cut)( Johnston!! 

enf l llM .. ftrlnou 

Cltl!l5tl. , lmen.l. 

Cy~ro..s Iischt rianus 

, 
• 

• 

• 

e. L tun lpurl un Up . • t rlCAl'lU!l 

Hypotlt tl for.k.otll 

!oIypoUtt. tr lH or. 

JaMlII"IU!! tl ortb.rdun 

JIXIlperUI prOtt,. 

t:t l tnChoe .p. 
( yiling. ereeu 

H.yUI'll,/$ .p . 

Hlhnl . cordil' 

H I"'I~h 101_11 

01 •• • ~~.I Ipp. eU'ple. t l 

Ok. LI , corn icuL. t . 

85 Ptr lploc: . 'I nu rl foll l 

phl\.109Ih lrilrluu 

• 

Podoc trpu. h luIUS 

S.n· cul . f l.a 

S_lo oc:h roc: trp.a 

Sml " A ( r • • s l . n. 

SonchlJl I chlo'f lnturlhll 

Sttphlnh .bys,lnlc. 

• 
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A ll roots .... ·ere c::ner ull y remo\ ed fr om the se soil corcs b)' Su:vinland collection .... Ith 

fo rce ps. The soil was Plcked in n) Ion cloth bals .... Ith :! mm mesh SIte so Ihat Ihe 

o riginal bulk den s ity wa s appro ximat ed . The balS .... lth 5011 of the respective SittS .... ere 

fil lightly int o Ihe holes. after whi ch thei r uppe r pa ri W15 covered wil h li n er. 

For the b ioassay st ud y. soi l sample (0-10 cm) covering 3 m1 wa s co lle cted fro m ea ch 

of th e s il es in December 1990. after remov al of he rbs and li tter. The soil was p:u sed 

through a 4 mm sie\'e to rem ovc s tones. eOJr Sc rOO ts a nd rhizomcs. 

2.2. Soil and pl ant a na lys is 

Extrac ta bl e mi c ronutri e nlS (C u. Fe. Mn lnd Zn) .... ere determined by the EDTA 

tit ra ti o n meth od (AlIcn. 1989). T he proccdures fo r the anal~scs o f the ol her soil 

p h ysical and chem ico.l properties. fine root bi oma ss estlmo.ti o n. and Ihe biomass and 

nu t rie n t co nten ts of the a bo"eground herba ceous planl s folio .... those desc ri bed In 

chap te r I I. 

The b3gs. buried fo r me:!Suremen t o f flOC roo t gr o .... th pOlenllal ..... ere carefull) 

collec ted 3f ter onc ~C3 r. ;l fler rOOt S penl: tr ltlng thc mcs h f ro m the outside had been 

cu t wit h 3 knife . T heir contents ( i c roOt s l .... er" immedla lcl ~ se parate d f ro m Ihe so li 

a nd de bris by wet s ie \ ing. de clntltion 3nd eolleCllo n .... Ith fo rceps. These roOts nc\ er 

ex ceeded 2 mm in d il me le r. Th e f ine roolS .... ere then sepl rl led in lO reolSof p l;lntation 

tr ees an d herb3ce ous pllnlS usi ng colour lnd mo rph oiogicli chlracteri slics: C. 

il/sllamea bro .... ·n. J. procntl reddi sh· bro .... n .... ith orange· red tlps.lnd P /alctJIIH. belded 

with nu me rouS u nifo r m shorl rOOIS. Fi ne roo lS of E. glol",IIH and the her bl eeous 

plan ts .... ere mor pho logically similar and co uld nOI be separated .... lIh suffiCie nt 

precis ion. The rOOI ca legories I)PCS .... ere r ied at 80 OC and .... cighed. 

12 
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2.3. Ex pf rim f nt a l Dfslg n or thf lJi oasu) 

Af ter transpOrl :ll io n to Copenha gen and sto rage: fo r t .... o mo nths. the (ert.lLty o( the 

so ils co ll ec ted fr om the: four difre:ren t si te:s we re: te sted by using Ih em as subS lrlte for 

th ree pla nt spec ies. 

The seeds fo r the tes t were obtai ned from Ethiop ia. The seeds o f A. abyuilflca were 

co llec ted f rom a si ng le moth er tr e:e close to Me nage:sha Sla te Fo res!, T hey were treated 

w it h 96% H lS0 4 for twO hour s before in eub:lI ion . T he seeds o f th e f orage grass C. 

l'irgata we re collected in the Mojo nu rse:ry. Shoa . whereas the seeds o f the grlli n crop 

E. leI were obta ined from th e mar ket in Mojo. The gra ss see:ds we re surfa ce sterilized 

in 10% H ,O ~ f or IWO m inut es. 

T he soil ..... a s m i ~ ed ..... ith:'ln inac t ive gr o .... th med iu m (C\ pa nd ed c la y. 2·5 mm partic le 

s ize) in the proPoriion 1:1 (\. \ ) in order 10 increa se \ o lum e: and a erat io n. and filled in 

800 ml pOlS. Thre e·da ~ ·otd germ inat i nl1 ~ (/ III'\\/III( a seeds .... e re placed In o ne thud of 

the pOts. wit h one seed in ea ch pot. In l nOlher thIr d of the: pOlS :'0 three:·da ) -old 

seedli ngs o f C. "/rgala .... ere: p lan ted and in th e re maLnlng th ird ~ O three·da)·o ld 

secdlings o f £. Ie/. In th e f iTSl t .... o .... eds the gTl SS seeJ h ngs fading to es tab li sh .... eTe 

replaced in o rd er to maint:l in l plant den s ll ~ of:O pc r pot Ea ch of the 1:'lTeatmenlS. 

a combi nati o n o f fou r soils an d three tCSI plan lS. co nsiSted of 9 replicates. The pOlS 

were placcd in complc l cl~' randomiz.ed arrangemen t in a grecnh o use .... Ith a n ig ht 

tempe ratur e o f 12°C and a da y tempera tur e o f 19°C. The day light .... as supplemen ted 

with 16 hou rs o f artif icill light. The pOlS .... e re .... at c red to a f icld Cl'lp3 c i ty e\cr ) 

second da y. 

7J 
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2.4 . H .a n ('SI .and .ana lys is of th t bioasu) plan" 

After Ihree monlhs the pl3nts .... ere h3r \ eSled Appr o 'lm3tel ) o ne'Qulrier o r Ihe rOOI 

sys tem wa s sep3r3 ted in orde r to es t im:ue Ihe 10111 rOO I length fo ll owin Ne 14 man 

( 1966) p roced u re. and weighed . The res I of Ihe rOOt system and shoo ts were d r ied fo r 

two d ays at 80°C. 3nd weigh ed . The shoolS .... e re an31yzed for eo n lent or nutr ie nt 

cleme nts f o ll ow in g the met hods in die31ed above . exce p t I hat N wa s a nalyzed us ing Ih e 

Du mas met hod . T he lo ta l roo t leng l h 3nd the Io ta I rOO t dry weight were eal e ul :ll ed 10 

rep resent th e respe c ti ve value s per pOl. 

2.S. C o mputation a nd sta li s t lcal aaal ysis 

The pia n t grow th va ri3 bles we re subjected to a n:J 1)'s is of \ a ria nee (AN OV A ) wi lh SAS 

Proc G lM. Jnd diffe rences bet .... ee n si les o r tr eatm e nt me3ns .... ere cl;amined .... ilh 

Tuk ey's s lud entized r3nge (HSD ) tesl used o n the co ndit io n thai t he A .... OV F tests 

..... ere signifi can t (SAS In Sli t ut e. IQS8. D3 ~ I..I!.: Quin n . 1(89). T .... o .... a~ A'!O VA S .... llh 

fo re s t s itc s 3nd lime as Ihc m31 n erreclS .... erc conduc ted fo r the field s tud lcs. togethe r 

wilh o ne ..... ay A NOVA s to re\e 31 d lrrerences be t .... ee n si tes fo r each har vest l i me 

Sep3 rJtc!y . In t he bi o ::t ss a ~ . so il t ~ pe 3nd bi oassay s pec ies .... e re co ns ide re d a s m3 in 

effecls i n the 1\\ 0 ' "3~ A'!OV~ S . 3nd -\ .... 0 \ · -\ 5 .... Cre furthe r perfo rme d .... jth ea ch 

spec ies separ :lIc1 y in o rder 10 ('(am ine the ef f ec ts o f th e soi ls in mo re d ela il. 

Th c f1 0ri sl ic s imi la r it y bet .... een the grou nd \ egela l io n co ... er in the four s ites .... as 

e3 1c ulated wi Ih NT S YS· PC (Ro hlf. 198 7) us in g p resence / a bsen ee data fr om Ta ble 11. 

Ja ccard's s imilarit y Qu ot ienl ( r3Iio ) "" as ca lc ulat ed f or ea c h pair o f si les. and 

c lu s lcring wa s d one with the un .... e igh lcd pal r·gro up mcthod. arithmetic 3 veragcs 

(U PGMA ) ( Dunn & Everilt. 19 : . ROhlf. 1(87). Ol he r coeff icients and c lu sle Tln , 

mClhod s were used as wel l: th ese ga\e Similar resu ltS. but PGMA g3 ve Ihe beSI f,1 

(co. phenetic corr elatio n coeffi ci ent • 0977~) . 



15 



I. 

25 0 o· =-_---=Oc:;::.15~__'O:.:::.'2~::..-' _--.:O~_~:!" 

--------------------- '" 

_' I 

Fig . 13. Clus te r ana lys Is shov.lng the flOrlstL.,;" slmilJTII} of the gl'Jund co\cr .. : thc: 1'01,.T 
.•. • :: ;.:::5. T~:.c phcnogr:J.m ',\:L •. l:.:uiltC,j "~'~ :he un""c;ght~,j plH·gro~., method. 
:Hithmetic a ven ges (t:PG;"lA ) uSing J lC3rd's QUOllenl :If sLm1l3:1I: c: C,;re .:lSllt'IlII( .. 

pla n tat io n. E: Eucalyptus globldlll p13n I3Iion , J JWlII'erllS p,ocac. plan llilon." N3tunl 
forest. 
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3. Resulls 

3.1. Fit'ld s urveys 

The topsoil (O· 40 em) o f all siles had :I lo w ccnlenl of o rganic malter, . P 3nd 10 .... ' 

elec tr ic conduc li v il y. whereas the: c31io n co nlcnt and cali on exchange: ca paci ty .... ere 

hig h (Table 14), The texture o f the lopsoi l was si mila r in all s ile s. whereas th e c la y 

co n ten t in the subsoi ls (50· 100 e m) increased f rom the nalural fo rest towards th e: C. 

/lI siWllica p lantati on. FOr a ll o th er so il varia bles the differen ces ex isti ng in th e lOp soi l 

between s ites were also f ou nd in th e subsoils. The so il s in C./1U;ttln;(o 3nd E. g/abu/us 

plan tations ge ne ra ll y had th e lowes t nUlricnl con tent. Ca. and K were , toge the r wi th 

OM, CEe, pH and Ec' lo we st in the E. cfnhlfltH so il. f oll o .... ·cd by C. ' I/wamca soi l. 

whereas N. P. Mg and Zn were lo v. es l in C IIIHt(lIll(' fl so il. fo llo v. ed by Ih e E . glolt l/ Ill f 

so il. The 1. p roce r (l soi l v. n r ic her lnd rese mbled Ih l i in Ih e n31 urll fo reSt so il . C't ce pl 

fo r il s highcr P eo nl cn l . 3nd il s lo v. e r Zn co nt ent T he co nlenl o f mi e ro nu t rien u. 

exce pt Zn. V.l S sim ilar in 311 pianllt io n soil 

The intens it y o f li ght rea ch in g t he fore st floo r 3nd th e sr eci es r ichness o f fo rbs O1nd 

g ra min o id s we re hi gher in t he E. j: fo hlll/fl r llnil l io n tha n 10 the o th e r s it es duc to 3 

less d e nse canop y (Tl ble 12 3nd 13). Th e fl o r is ti ceompos ili on of t hc g rou nd cover v. 35 

increas ingly diffe re nt from Ih :H of t he n3tu r31 fo re st i n t he sequence: 1. proctra, E. 

globllllls and C. lusi /allira ( Fi g. 13). The C. I IISIIOI// ('Q si te h3 d a splr se co ver of 

hcrbleeo us pllnt s and s ignifi c:!. ntl y lo wer haf\ C$tcd dq ma tter th 3 n th e o th e r si te s 

( Fig. 14). C onlr3 stin gly. the he rbleeous pl3nlS in Ihe C. I 'Hltall/('(I s ite generlily hld 

hi g he r content of N. C3. 3nd Mg th 3 n those in o the r s iles . These s ites v. ere ge ne r3 11y 

s imilar with respec t to n Ulr ienl co nlent in th e he rb3ceo us pl3nn e , cep t th31 1'1 and K 

was less in plants fro m the E . glohll l ll f si te ( F il 14). L illie in ter3e li on bet .... ee n s ile lind 
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Fi g. 14. D ry maHer (g m" ) :fnd percennge nllrosen. phoSpho ru s. calCiu m. POllss ium and 
magnesium of the abo ve·grOund pa ti S of f orbs and graminoids In fou r sues Time o r hilrvest 
of the I m' Quadrats was Februar~'. June and October n • ~ per haneS! 3nd sit: For each 
harvest, Columns with the same leller 3re not slgnlflcanlly dlfferenl wllh Tuke~ 's HSD le$l at alpha", 0.05. 
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Table 15. A bove-ground poo l size of nutr ient elements in forbs and guminoids (, mol), No 
intera c t ioD;S between t ime and sit e were found and ((suJu givea arc pooled dill fr om thre e 
ha r vests; n - 12. F igu res with the same le tter are not si gni f ican lly d iffe rent wi th. Tukey's 
HSD test at a lpha - 0.05. 

Cuprnsus p l antat ion 

Eys.lyetu$ pl lnt et ion 

Jl.Tli eeru. pl antation 

"'n ur, l foru t 

, 
Abovt ' lI rQl.n::j pool J i n of f.'t rt t nt 
forb. and 8 r~lnold. CI .. 1 

. 1 __ tU I 

, p C, , 
0.10 b 0.0\ b 0 . 17 c 0. 18 c 

Z .92 • 0. 20 • 1 .1 1 b 4.71 tI 

] .07 • 0.20 • l , y. • ' . 96 b 

3.80 • 0. 25 • 3.55 , 7.10 • 

In 

." 
0.01 b 

0. 57 • 

n. n. 
0. 6' • 

Table 16. F ine root (Live and dead ) biomass. biomass o f f ine roots (less than 2 mm in 
d ia meter) of he r bs and trees accum ulat ed in bU TIed b3gS in one year. For each va riab le. 
val ues with Ihe same leller are nOI significln: l:, c!i t' rc~c" " T .:~ : ~ 's HSD :es::'I : ~:;l)o:'\.'" ~~ 
n .. 6 and n :::> 10 per tre31ment Ln dl la on rOO t mass lnd a.: .: ur:n: !lI Lo n, re specIl\ ely •• a nd 
•• • implies one-wa y A -":OVA with sL te as rnl!:! fJ ~ t o r S1 gnL f lcl nl 31 31p ha . 0.01 an d a lp ha 
• 0.00 1. 

: I-t " --" 
1:""" 
ell I!I' 2) Herbs Irus Tga t 

0·10 tI!I ,m, Ob 148 I) 
50' 60 c., 12e ( 

0·10 ,., e6. , 
50·60 (m Ie, 

I JS • 

0·10 UI ~w2 g B, 287 • 
50-60 em 112 ( 

NU Url l foru! 0·10 (III 773, ., , 127 b 189 b 
50 ·60 ("l '" , 

, f lM roolS of Euc: . l yptut . nd ht rblctoul pl .nll . trt mo rpl'lolOll i Ci lty . t ll,t '!"Id COI.I ld nol be "!)Irette . 
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Chlori s vi'!i'!1 

Elig ro s tl s tel 

Cupressus Eucalyptus Juniperus 

PLANTATION SOil 

• 
II 

,'ATURA L 
FOREST 

SOIL 

FiK· IS Shool and rOO I d ry weight of AcaClc cloy, J" ,'n. Chlcf s _.",au: and EralrOJl,S ttl 
a~ler thre e months' growlh in tht foreq "11 C' ~~S .I. • ., .~: uo: ~e· ' .:r C 
signli lcan[]y differen t \l.ltr. Tu"'e ~'5 HSD test at .I~:::I. 005 n. 0; per trC:almcnt 
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l ime wa s re ve:lI ed by 11.0.'0''''' a y AN OV As (no r~sults presented)3s hille \ 3r 13110n In dr)' 

ma ss and n Ulri ent co nl e nt W3S f ou nd bet""e~n Ihe different limes of h3neJI. e,cepi 

fo r a few flu ctuati ons: N 3nd K ""trc tHlher In June. and II and K con lentS "" ere 

lo we r i n February. 

T he poo l size of a ll nUlri enl e lemenls stud ied in herbaceous plants was smaller in Ihe 

C. /us i lallica s il e (Tab le 15). The th ree Oth er s ites we re equal. ex ce pt Ihal ea was lower 

i n Ihe £. glohllills s ite and K wa s h igher in Ih e na lur a l fOrest . 

T he fi ne roo t b iomass in Ihe upper 10 em so il wa s high est in the C.luJllamca si le . 

w her eas Ihe othe r si les had s imilar rOO t ma5ses( T able 16). The rOO I m3 sses were mu ch 

smaller in 50·60 em depth . notabl} in the £ . gloh"Im si te The ing ro .... lh of the fine 

roo is into th e mesh bags ..... a5 mainh from tr ces In pl3nlatio n of Ihe C. f/lSllamca . J 

{lrocern and natur3) fo re st s it es. n(l l from hert-aceous planlS (tree TOOlS "" ould nOI be 

di s t i ngui shed f rom the rOOts of herbaceous rtanlS In the £ . gln""/I1\ SltC ). T .... icc lS 

man y f ine rOO ls .... e re pr odu ce d in Ihe £.):1,,101111,1 and Ihe J {Imam siles as In Ihe other 

si le s 

3.2. Bioassay 

Dr y ma ss accumu lation and rOO I Icnglh of the b ioaSS3) pl3nls .... e re slgnifica ntl ) 

affec ted by Ihe fo rest so il t ype (T3 ble 17). InteTactions be l .... ee n soil and species Vo'ere 

revealed fo r all these va ri ables. as A nllnumcn. C. IIrgain a nd E. 1~/ .... erc llfreeled 

diffe rc nll y b~ th e so il s( F ig 15. T ablc 17). Th~ shOOt dr) .... clght "" :1$ hllhcr In plant s 

g rown in Ih e nalural fore$! soi1 1h3 n In the pl3ntatiOn SOils . .... ilh th e ex eepilon of A 

alll'ssm/cn dn ""eigh t. "" hic h ""as s imi l:.r in the nalufal fo rC SI soil and In C ("Hlnmcn . . 
and J . proarn so ils. The 51'1001 dr ) v. eigh l .... as lo .... er In E. &/0""11,, soi llhan 3'!1!'~J><""",_ 

OIr. 
so ils. excep t fo r C. I/rgflla in C /" H/(lIIIC(l sOil and -t n"'n ~"l/ra In C. 111\1111111("0 a · .. 

pr()ur(l so il. The gro ..... th paltern ""as similar In C. IUHlnlllCn 3nd J proura soi l.c ,ccpt 
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Ta ble 17. Growth cha racteristics of A('acl/1 nbyss/IIlca, ChlC)".$ '''IClC Ind £,nlroSlU u/2flcr 
th ree mont hs in the four fore st sOils. Values with Ihe nme Leucr illrc nOI slanlticlnlly 
differen t with Tukey's HSD test al , Ipha • OCS· ? ;er trCl::'!'::~: In tt:e 1 .... 0 ...... ) 
ASO\' A, site and bioassay speCies were main hctors. ' . •• and '" Impliu (actotS 
signif icanl at alpha - 0.05, 0.01 and 0.001. re spectively 

A/iOVA 

so il 

SI oasslY sptcies 

So il ' speci es 

~ ,byni ni" 

CvprU$1,l$ soi I 

Eucl l ypju5 so i l 

lynip!ru.' soi I 

~'Iur. \ forts : soH 

Tota l dry 
Io't ight 

'" 

0. 52 • 

0. " • 
0.56 • 

0.60 • 

e.press.s so il 1). 91 b 

EycI ',Y2t uS so ; l J.7' C 

Junipe·ys soil 1.01 b 

tl,,'Prusys sol I o. n b 

EYUtyptys soil 0. 20 ( 

tynlptrys soil 0.5\ b 

lr/atlJrt l f orest soil 1.41 • 

~OOI I 
' hoo t 
rll to 

.. 

0. 67 • 

0.68 • 

0.72 • 

0.53 0 

1.03 • 
0.9' • 
0.93 • 

... , 

0.97 • 

0.78 .b 

0.74 b 

o.n b 

~OOt • 
l t l'lOtl'l 

" ) 

691 • 

700 • 

e.18S , 
6' 87 c 

131C6o 

1 ." • 

Spotci l it 
' .. , 
llt,.l!! 
(11./9> 

1l .S5 • 

30.72 • 

~, " 

15 .~ •• 

· 3 •. ~tI c 

"!.~~ :: 

265.71 • , ? .~~ " 

8257 b 2)~." b 

2)33 ( 2)4,10b 

Ttl19 D )'0.61 D 

28S)0 . ,0· ". 
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Table 19. Tota l nut r ient element uptake (mg) or Acana ab)SJltllca. Clr/olU "'lara and 
E,ag,oslisle/a rter th ree months in the rour ra rest soils, and I\oIo O<W3 ) A NOVA ..... lI h Slle and 
bioassa y species as main hc tors. · , · o and 0 00 imply (aClors si gnl r iC-3nl II alph3 . 005.001 
and 0.00 1; ns • non sign if ican t. Different lellers Impl > Sl inl rl eln! d ifferences be' .... een 
treatmen ts with Tukey's HSD teSl at alphl. 005 n. 9 per Irel lmen t, except (or the il rUles 
where n - 5. 

8' 



.... 
• " 

fo r a small e r rOOI wc igh l of E.lr/ in J f "lCj ' f/l oil In c.1"tnla Ihe rOOl lO ,, 1'1001 r::n un 

" ·c re s im il:lr fo r all so ils. "he re:u 11'1 :11 of ~ nlll"Hllllrn ~l S sma ller In Ih e n:ll u n l 

fo re st so il. The rOOt le ngth an d d ry .... ellh t lenenll } foll o""cd Ihe urne Ir end In A 

abyssi nicn, and no di ff erences in thc speci f ic rOOI length (SR L) .... ere reco rded The 

SRL of C. virgnla wa s high er in th e J . prOC"t'rlla nd the natural fo res t soils th a n in the 

so il of Ih e two e,; olics, wh erea s the SRL of £ . It' / was h ig her i n Ih e Mi ura I f orCS I soil. 

Thc Iw o-wa y ANOVAs revel led s igni ri c:ln t erree ls o f bOlh so li a nd bio:uS:l} spec ies 

o n the concentrations of mos t nutri c nt cleme nt s in shOa ls, as we ll as in lene l ions 

be lween species a nd so il (Table 18). So il as a f ae lo r d id not a ffect eon eenlr3lions in 

roo ts, w i th t he cxecpl io n of N. In shoo lS. ~ and ~1 8 eonee n lr :l l io ns "" ere gene ral! ) 

hig he r in p ll nt s gro\\ n in £.!!Iflhlllll~ soi11han in soils of the Olhe r SI IC5. ""hereas K ""lS 

h ig he r i n thc n:lt u ra l foresl so il. 

T he 1013 1 up tlh.e of n ut tle nt cleme nts In grl ssc, gro .... n In 51 Ii o f the nalur31 fores t "" a ' 

h ig he r tha n in so ils of the othe r si les . ",hereas gra sses f rom the £ 1!lr, lo uit" plan l3f1o n 

ge ne r:llly had the IO\leSI up t3h. e o f P. C:-. :-.nd K (T a ble 19). Also .... tlh respeCI to 

n u n ie nl upl :-. kc . . ·L a".I"\ \/lIIca Il lS not scn ' lli \ e 10 Ihe ·Jlg l n o f the 50 11 

4 . Di scussio n 

4. 1. Ph ysica l and c h(,mical soil pr o p (' t l i ('~ 

Ge nerall y. N, P. o rg:lni e m:l1l e r 3nd el ectri c co ndu ctl\ i l ~ In Ihe fou r fores l so il s "" ere 

mediu m-l ow, whc rc:lS ca li ons .... e re rell !l\cl} hI g h I-I o .... e \ e r, di ffe ren ces In soi l 

n u tri e nt co nten l be t .... ·ccn si tes "" cre found . a lthoug h Ihe Sit es forme r! } "" ere co ... c rcd 

b y th e S3 me t ~ pc o f n:l! url l fo rcs t ( \ on BrCllent-::Ich . I 6 1. Fr IIS. 199:). Th e Salls o r the 

C f .. d £ gf· · " fll ~ s it es ge nerall ' h:l d the lo"" esl nUlr ien l co nlCn l . .... he rel s . U$lfa IllCfI :l n . "n ~ 

t he so il propc rl ie s of J . prncr rn s ile rcsembled thosc o f Ihe natural forest 

The s tud y ClnnOI ex cl ude the possibi lil} tha I \a r ilbtli l ~ In so il p rope rt ies pllo r 10 
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plant3 t io n es tabli shment in Ihc 1\31u131 forest could Ill\C contributed to th ese 

di rferen ces. Furthermore. Ihc ) CQu id be duc to differences in m3nagcmcnl and 

productivit y. Wh en thc na tu ra l fores t W3 S cleated for plantat io n cSiablishmc nl , 

nutr ient clcmc nlS we re rem oved .... , ilh Ih c o r igi nal V(g(t3tion. After planting . 

immo bi l ization o f nutrient clcmcnu int o the tr ee stand ing crop ma y have taken place . 

Expo rl o f n utrients wit h trees foll o win g loggin g ( in the E. I Iobl/flll s ite) a nd co llec t io n 

of bra nches and leaf litter (in the C. JlIsi l lJII;ca and E. globulus si tes) in the past mly 

a lso have con tri buted to Ihc reduced so it nU lri e nl co n tcnt in th ose: si tes; nosi gnifi canl 

logging or bran ch co lle c ti on had OCcurre d i n Ihc 1 . pr()('('ra and natu nl ro re st s ites. 

T hese cond it io ns should be ke pt in mind whe n pla n t pe rrormance in the: ro rest sit es 

Jnd th e i r respec ti ve so il s He JnJl yzed . 

~ . 2 . Fine roo t bi o ma ss and acc umul ali on 

The fine roo t biomass or the upper 10 c:m soil"" as simil H 10. or higher than previousl) 

repo n ed from monta ne fo rests (Lundgren. 1978; C:!\3Iier. 199~; V3nce & '\IJdk3rn1. 

1992). H igh li\' e b iomJ ss of fine roolS is interpreted as a response 10 10 .... nutr ient 

3. " J i 13. bi I it y in soi l (C3. valier. 199~ ). The \ c r y high biomJSS in the C. IIm/am('a site .... 3$. 

ho we ve r, r:)lhcr due [0 3 large compo ncnt of deJd rOOts. This could be 3 resu lt or J 

re lJli "e l y low de compos iti on r3l e. :a s .... ' l 5 [he e3se .... ' ;[h lear li ll e r or C. 11I511alll('a 

(L isJ newor k & Mi c hel se n, 1993b), The fine rOO t biom35S 3150-60 cm dep th . hOwe ve r, 

wa s 7%. 4%, 16% 3 nd 21 % of the 0- 10 c m Il yer in the SiteS of C. IIIJlfall/ca. E. globu/uf. 

1 . procern lnd i n the natural ro res t. respee li vcl)'; indigenous tr ees th us seem to drl w 

mo re rcso u rccs rr orn th e subsoil Ih3n C. I,,\I/nlll(o 3nd E, glnhllillf 

Few accountS on f ine rOOt lceumulltion ob tained by gro .... th Into buried bllS are 

3 v3i llble ro r trOpi C31 ro res ts. 3nd re sult s rurthermore vlry 3ecording to the methods 

used (J o rd3n & ESC3i3n le. 1980: Ku mmcrow ('/ (II .. 1990; Sanr rod.1990). The estimllles 

in the pre se nt stud y a rc co ns ider:lb ly hi gher Ihln th ose or SJnrord ( 1990) and si milar 
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to th ose o f Cueva s a nd ~'kd i n a ( 1988 ). bo th fo r .... et AmJlonl3n fores ts. 3nd Slmd:.r to 

th a t o f K umm e row (>1 al. (1990 ) f or 3. dry Me 'le3.n fo rcst Lo .... nutflenl l ... ·adabdll ) In 

so il o ft e n co rrelate s with hig h fine rOO I productio n (Vogi tl al . . 1986). J p'oc"a. 

ho we ver. had th e hi ghe st product iv it y of fine rOOI$ in th e topsoil and a re!;uiycly 

hi g h so il nutr ient co nt ent. Speeies' speeifie d ifferences in the p311ern o f f ine root 

p rodu c ti o n between topso il and subso il a rc probably overla yi ng the effect of 

differences in so i l nutrient content. 

F in e roo ts consti tute :l considerable PJrt of tree producti " it)': the ma ss r:l.l io of tree 

fine roots accumul ated in one yea r in the top IDe m soi l (Tab le 16) to the annual litter 

prod uc t ion (data fro m Lisane wo rk and Mic helsen ( 1993b}) ... as 0.30. 0.52 (includi ng 

he r b roo ls), 0. 44 and 0. 12 in Ih e pl:in!3lion of C. II/wall/ca . E. glohll/llt . I pr(Kna and 

in the nat ural f a res! s it es. res pceli\c:I~ . For the n31ur3 1 fo re sl th is is a 10 '" fine rOOI 

to leaf production r3t io eo mp3rcd to Ih31 re po rled in Kum mero .... rIal. ( 1990). I.e 0. 6 ~· 

1.07. In con tr 3S1 to the presenl s t ud ~ . the ir d3 ta Induded th e rOOI produe tl\lI } In 

deepe r so ill a),e rs. In th e n3lu r:l1 fo resl of th iS s ! u d ~. rOOt prOd Uell\ ll ) could pro babl ) 

be high in subsoi l. judging fr o m the l:ir ge fine roo l biomass esti ma ted in the subsoil. 

Ass umi ng steady stilte of fin e rOO I biom:1S5. i.e. that rool acc umula t io n IS the S3me as 

roo t dea th and deca y in si te s . the fine roo t turnover lime .... as 12.0 ) ears. 22 )cau. 2.1 

years and 4.1 years in th e C. Imlfalll(a. E. I: lohlllll5. J. proct ra and nlliural fore st. 

respec ti vel y. Thi s is a rath er lo ng turn ove r l ime co mpared to the turno ver o f fine roolS 

in othe r (tem pe rate ) fores ts (Vos t ('I al .. 1986). "'he re turn o\e r t ime ranged bel"'een 

0.3 and 1.3 years. Sin ce the es t imates of fin e roo t bio mass in th is Slud y included dead 

roo ts. Ihe turn o"e r t ime :lppe3red to be 0\eres t im3 ted to 3n un~no"'n degree . 

espcci311 y in the C.ltlsllalllC'fl pl3nt3(ion 
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4.3. Hl'tbactous biomass in tht si tu 

The J. procera site showed Ihe closest simil:H i l )' to the Mlural fOrcsl In the floris t ic 

compos ition o f its gro und co vc r (Fig. 13). The C. l'IfIlO ll /C'O plantat io n dirrered most 

str o n gly fr om thc nalur:ll fo rest in th is respce l , and also h:ad the lo .... es l herba ceous 

cover and bioma ss. Thi s can partly bc asc ribed 10 Ihc reduced liahl inle nsi ty,a leneral 

phenome non in C. Illsi/al/;('a pl:lnlalions. The J. proaro si te , hOIA'eve r, had an 

equivalentli gh! intensity at the forest n oor. Thi s sugaests Ihal factors in soil o r litter , 

to gether with highl y compctiti ve tree tOots , al so influcnc ed the herbs in the C. 

lusi/al/ica plan lati on. 

Al lh ough Ih e so il of th e C.lllu/alllC'flsile .... as rclali \e l ) pOor in nut r ien t eonlen l. il I0I0' :15 

s imil3r to Ihat of the E. C/ohll/lffS il c. i n .... hich Ihe herbaceous sianding cr op 3nd cover 

\\'35 h igh. The latter obscr\'alion is in eonlrJ SI 10 man~ tepotlS on poo r herbaceous 

cover in euca lYPI fo res ts in Ihe tr opi cs (Poo re & Fries. 19 51. Thi s diserep3nc y could 

be th e re sult of eopp ici ng.lc3dinglo hi gher liShl InlC:n s il ~ 311he fores l fl oo r Al so. the 

resuils ob t3 ined in drier regi o ns (Poo rc & Flies. 1985 ) m:l ) n OI3 ppl ~' loa reasof highe r 

rainfall w here lea c hing and / o r diluti on of pOlcnli311 y :1I1c1opalh ie subSllnecs is more 

likely 10 occu r. Finall y. thc d o minant her bs in the E. J!I()" //III ~ planl:lli on m:l) lole r:lle 

a ll c1 oc hemi cal s: plants diffe r in th ei r tolerance 10 th ese subSllnees (Lisa ne .... or k 

Mi c h elsen. 1993a). 

The d iff erenees amon g s il es in nut r ient conccn I r:ltion in th e herbaceous biomass ( F ig. 

14), i.e. the hi gher N. C :. . and Mg concentr:lli o n in herbs of C . /ll u /nmC'Q si le :and Ihe 

lo wer N 3nd K in hcrbs in Ihe E. glanuhlt si le . .... 'e re nearly consi stent thro uah oul Ihe 

ye3l. This co uld be due 10 Ihe f3 et Ih31 Ihe forbs 3nd Itlminoids lenerally .... ("re 

gro wing Ih e ..... hole ye3t . bUI wi th 3 reduced ral e In the drier pellod E.c:eplio ns were 

Ih c: bu lbi ferous p lanlS as Srndn.nff " 1II/1I!II/tll t (Ma n yn) Ra f 3nd "':l fl OUS sho rt-lived 

3n nu 3ls. but th ese did nO I have :I la rge eo\cr or biom3Ss The differences bcl .... een sites 
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in nutr ient co nCe ntrat ion in Ihc herba ceous blom:u l ::UC ')r oba bl) larlel ) clused b) 

wide between-si le d iff erences in species co mpOS iti o n of Ihc ground CQ \Ct 

T he herbaceo us plants co ntain ed an impOrl lnl PH I o f Ihc: nutr ien t poo l of the f OrCSI 

in a ll sites c:x cept in th c: C.11I5ilQll ica plan ta ti on (Ta ble IS). Data on nutr ie nt clement 

pOO l size o f thc tree co mponent in thc: S~ 5 1c:m arc not Ol vailabk . but I compariso n of 

nutri en t input due: to litlc: rra ll and Ihc: amou nt of nUlrieRIS in her baceous plants ma y 

be informative: annua l input of Na nd P with f inc litle r (Lisanc:wOIlr: a. Mi c helsen. 

J993b) was 60-70% of Ih c poo l si zes or Nand P in 3bovcground hcrb3CC: OUS plant parIS 

in E. globllills s ite . ..... here3 s Ihc: input .... .:I S 2-) l imes la rge r Ih3n Ihc: poo ls in the 1. 

proc(!ra and in the nalural fores l sites. This supports the conclusion of lisanework A 

Mi c hel se n ( 1993b) [hallA' ilhin· stand nUlrient q cl ing in Ihe 1. flroaro plant3tion and 

in the n ~lIural forest is less tight th an in the t .... o si tes IAllh n Otl es spec ie s. 

4A. Bj oass3~ 

Th e so il t ypc did not lffeci gro .... [h (Fig 15. Table 17 ) or nutrient up lllo.e (T3ble 19 

an d 20) o f A. ah.nsillica. Th is to lerance to a rlnge o f soil s IS in 3eeo rdlnee w ilh il s 

vcr y w ide di st ribution in Ethi opia (Fr ii s, 199 : ). The refore. if indige no us tree spec ies 

:J.re to be introduced, ncxt to 1. (lrfh· .. r(; .... ith i15 hig hest rale of spo ntane ous 

a ppearan ce. in old £. glo/l lt llH pl:lnr :lIi onsiTe .... oldebe rhan . 1974; Pohto nen Pukkal:a , 

1990; 1992). A. abyssil/lca seems to be a good c ho ice. pro \ ided thai the saplings would 

react in the same mann er as Ihe seedlings d id in Ih is study . \ ·loreo \e r.lhe plantin, of 

A. abJ'ssillica seedli ngs in old pl3nt :llions m3 } be recommended due to the i r 3bili ty to 

imp rovc so il N Ihroug h N2·fi:C :lIi on. 

T he gra sscs. particularly E. /t'j. .... eTe \'e r ~ rC5 PonsiH to the or ial n of the sod (Fia IS ) 

The ir gro wlh was reduced in all planlat io n soi ls in eo mp3ri son to Ih3t of the m\luTal 

fore st, seven.fo ld in the case of E. It/ In the E. glnr."IIH so il ThiS IndlC3teS Ih :1I 

establishment and man3gcment of th c thrce plant :ll io ns species affected so il fertilit y. 
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if Ihc a ss um p t io n is Ih31 Inc so il pi o penlCS of Ihc s iles .. ere $Imli ;u befo re Ihc 

pla nt at io n Siands replaced Ihc nalurll fo rcst The: n(I311\( errcci on 1101,1,10 " '21 mos t 

se vere in soil o f Ihc E. glohl/lus si le. but also sltl"'.ng fo r plann I,own In C. luJIIQ"'CQ 

a nd 1. procera so il. Forme r plantations. 3t lelS l those of E. glohl//u t. may nOI be usdu! 

area s for cercal crops or pastures. 

The nutrient analysis of the bioassay pl a nlS ga ve so me indi cali ons of Ihc: e!cmc nt(s) 

whi c h po tenti ally li mited plant growlh in thc plan l31i o n soils. N 3nd Maare nOI am ona 

these. a s th eir co ncentrati ons wc:re h igher in ShOOlS o f C. 1'; ' 1(1(0 and E. ul i n thc £ 

globulus soi l. Th is is probabl y a reflecti on of Ihe poo r growth of Ihc planu in that soi l. 

re sulting in luxur y consumplio n or N :and Mg .... hen :anOlhe r r:ael or .... 3S limiting 

growth . The raelo r could poss ibl~ be K. The K eOneC n1r311 0n In C. I'I rGnta s hoo ls .... ;lS 

40% higher in Ihe na lur;ll rore S! soli Ihl n In Ih ose g ro .... n in pIJnl311 0n so lis. In s pite 

or Ihe b iom:'l.SS being 1"" icc :'I. S l:lrgc Th e 10131 J... up l:a\.. e "'- :'I. S. eonseque nll ) . three limes 

highe r. Howe"e r. Ihi s erreet ",-:a s nOI eq u :all~ c lc:a r .... Ilh E, fe'/. 

T he p H wa s 10weSI in th e C. /1I5I/Olllra :an d E. glnllll/1l1 sods. perh:aps due 10 aCidiC 

subS l:'l.n ces in d ec ompos ing pl3n l m3le ri:l l.Th ese ma~ i nclud e 3l1e loehem icals "'- h ie h 

redu ce th e germin:ati on :lnd gro .... lh or ror3 ge gr3 sses :and c rops (Singh ~I al. 1939; 

LiS:'l. newo rk & Michel se n. 19933). Th e presence of such substan ces In the SOil rro m C. 

l/lsi/aniea and E. g/Ohllllls pl:anl a tio ns could in P:HI e"(p l3 in Ihe r":uded gro ... ",h o r 

gr3 sses in th e bi oassay. A lso. lhe lo .... e r pH in Ihese so il s m;l) IIrrcellhc ;""' :III:tbIIl IY or 

nul r ie nt s r or pl:anlgrow th. E. f(!/ is \eT} se nSII I\( 10 so li :a e id ll ) (Tckallgn K illham. 

1987). 

T he s tem vo lumes pe r uni t 3fe3 or the pllnt31 io n IreeS "'-ere "'-llhln Ihe limits round 

ro r Ethio pian pllntat ion s or Ihe Slme a ge a nd U)ee le $ (Poh}O nen and PuHa13 . 1990. 

1992). The resu ltS o r th e S1udy revelled Ihlt 1he dl \-ers il ) o r the gr ound cover .... 1$ 
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high in all si le s. bUI Ihe bio m:l ss and CO\ c r of fo rbs:l n l ram lnoids .. ere Stt l In,ly 

poo r in the C. fllJ/r(JlI/cn siles. whereas II ":lS h ig h In Ihe E ,lo" III//J :lnd 1 prourQ 

planlalions and in Ihe nalural fore st. The C. /lIJllo n/C'o and E. ,lobuluJ si les had lowe r 

so il nUlrient clement co ntenl th:ln the 1. prourn and the n31uf31 forest siles . 

Th e inlerpret3 1io n of Ih e re sulls o n nutr ien! cleme nt conce ntrat io n lind poo l s izes in 

the herbaceous plants was hampered by betwee n-si te d ifferences in species 

co mpos iti o n a nd ab ioti c conditions. e.g. lig ht in le nsil Y at !he fares! fl oo r. In th e 

bioassa y. however. the grow th o f the gr:l sses C . • ' /rgnrn :lnd E. lt / was re duced in soi l 

of all plantations compa red w ith the natural . most st ronaly in E. globulus soil. No 

s inglc soi l fa clO r cou ld be idenlified :lS be ing Ihe o ne respo nsibile for Ihe gr owlh 

reduction: il wa s prob:lbly due 10 :I co mbi n:ll ion of soi l fa clo rs. Ol4 ing 10 Ihe 

dif f erences bet ween Ihe resuhsobl:l ined In the s u(\e~ a nd Ihe bioa ssa ~. 1t seems Ihal 

(hc prac ti ce of producti\ ilY sludies o f herb:l.:eous \ege l:llion in Ih e f ie ld combined 

with so il analyses onl y may lead to e rroneo us .:on.:lu Slons conce rnin g th e pOlentlal 

p roducliv il Y of soils. Th e present resull S. Iherdo rc. suggest Ih:lI field stud ies should 

be co mbined wi th bioa ss a ys in th e SU(\ q s o f the fe rl dll ~ of so ils aft e r pl:lnl:l li on 

establish ment. 

Furthermore, the s tud y indicates that esta bll shme nl and ma na gemen t of the three 

p lantatio n spec ies affected soi l fen ilit y difrerenlly, if l4'e ass ume that Ih e so il 

pro pcrties o f (h e s ile s were similar befo re the p lanlal io n Sl3nds repla ced the natural 

fo re st. The poo r growlh o f lefr in soi l fro m Ih e E. glo",,"/{ plantation ha s impli cal io ns 

for future land use in Eth iopia. co nside r in g Ih :u the y are resDCclive! y the most wide!) 

planted crop and n ee in th e co unlr )' 
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Su mmary 

The soi l ph ysic al and che mi cal ChJr3 ctc rist ics. above grou nd hc:rb:IC:C:OUS biomass :and 

nutrient co nlcn t. fi ne rOOI bioma ss and produc tivi ty ""ere studic:d in .. natural 

montane f o rest a nd in adja cent 28· 48 ye ar old plantations o f the (.1 otic species C. 

lus;lanica and E. g lobuills a nd th e i nd ige nous }"I/;PUIIS proura. The: f ield s iudies were 

co mbi ned w ith bioassays of , rowlh a nd nutrie nt up take: of A. abYJSUt ica, C . • "1010, a nd 

E. lef in soils laken fro m c3eh sitc. 

The C. /usitanica and E. globuills soils h3d lowe r nulri ent con te nt than th ose: of J. 

pfoura and th e natural forest . Th e num ber of fOrbs 3nd g rlm inoids WIlS hilh in all 

s ites, bUI their bioml s5 Jnd co\er .... crc poor in Ihe C I llft/am('a si le. The productIon 

o f f ine rOO IS in l a p soi l ..... :l S I .... icc :lS l:lrge in E, gl()hll /ll ~ lnd J r rM trQ siles Ih::ln In 

o the r s il es . ..... he reas [h e standi ng c rop or rine rOOIS .... ::15 h igher In C ./li j/lllnl(Q site In 

Ihe b io:l ssay. gro wt h or C. l'lrgaffl and E. tt'j .... lS reduced in the sO lh o r 311 plant3tlons. 

mos t st rongl y in E. g/Qblllllj soi l. co mp:lred 10 Iheir gro .... th In so il o r the n:lIUr:l1 rarest 

Nutr ient concentra t ion and pool sizes in herbace ous phnlS \ar ied slro ngl) bet .... een 

s ite s bccau se o r difr ercnces in spe cies co mpositio n lnd hcrbaceous sl3nding crop 

Owi ng 10 the dirrc ren ce bel .... ce n her baceous b,om:lSS h::lr \es led in Ihe fo res i and 

bi oma ss 3ccumuhtion in the bio:lSsa y il is sugges ted that \ ege l:uion 3nd soi l l n::l lyses 

arc combi ned with bi o::l ssa ys in the su rve )'s o( Ihe (ert ili t ~ o r sods 3(ler pl3ntat ion 

eS l::lblishmenl. The ne g3 t ive erree t or E. glnll,,11I1 on gro .... th o r E. ttl In the bious:l;)· 

sho uld be considered .... ' hen pl::ln s (or rut ure 13nd usc in Elhiopi3 arc dabontcd I S 

respec t ivel y th cse 3re the mosl .... idel ) pl:lnled tree lnd culln31ed crop species here 
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THE ALLELOPATlIl C POT EN TIAl. Of Cup,~JSw.s hwtaltlca 

AND THREE Eucalyptus s pp. O N FO R ET IIIOPIAI'W C ROP 

1. Introduction 

The eS lablishment of planlalion foreslS and a grofo reslfY sys tems in de velopin. 

countries pla ys an import a nl role in Ih c re storat io n of the 'egc la l ion cover, and helps 

to meet th e inc reas in g dema nds for f uelw ood and other wood pr uelS due 10 

population growth.!n Ethiopia lo ng I:ming defo rC:S I:ll io n h:1S ex posed large areas 10 

se ri ous e ros io n and cre:lI ed ch ro n ic short age o f "- ood for energy :and limber Lnr,e 

scale pi3ntat ions as well as she ltcr belu aro und culti':atcd field s :and "-oodlo lS In 

peasanls' homes tead s ha\e been cs t3 bli shed "- llh fa st gr o"" ing n Oli c tree speci es. 

mainly £ //cnl) ·plIIs. C. 'I/H/nll/enand P/lf/t ( specie s_ u c al ~ i\t s arc ' cr ~ co mm on :alo ng 

field bunds. and E. gll)ftl/II/ ~ alone eo\e rs more Ih:an 100.000 h:a of plant :uion f orest 

(Poschen -E iche. 198 7; Pohjone n & Pu kkala . 1990). 

Ex o tic tree species h:l\e been in trodu ced int o Eth iop ia .... i'houl d ue co nsi crallon 10 

thei r lo n g-t e rm effects on Ihe en,ironm ent ise"herc . cucal >pu lre c laimed to 

su ppress f o r bs an d gra mino ids in pla nllti ons lnd crops adjoining shellerbelu (del 

Mo ral & Mull er. 1970; Bahaskl r & D:lSa ppa. 1986). and consequen tl redu ce the 

f a rm e rs' be ne fit f rom pla nl ingcucal)pn(Saltenl.1991 ). Apar t from theircompctltl\e 

e ffeclS on wl ter and nUlricnl upt ake (Florcnce. 1986. Mall!.. Sharma. 1990); 

e ucaly pt s a rc a ll eged 10 reduce bO th the d iversity lnd abundance o( (orbs lAd 

g ramin o ids. and thc productivity of 3d jO ln in8 c ro ps Ihr ou8h relca se o( c hem ical 

substa nc es _ 311e loehe mie31s (Poore ~~ Fr ies. 1985: Ma ~ sh . 1990). Similar 

su ppress ive effec ts have been reponed fo r ind i8enous trees used .n 3lroforestr) 

sys te ms in I he H im3 13 yas (Bh3 11 & T :l ria . 1990). a nd for conifers (del Monl &. Cues. 
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1971; Har bo rnc:. 1988), Uhim:llcIY.lhi s ph eno menon m3 y lc3d 10 (\~U ,( of the so .1 

10 e rosion. EvaluJtion o f the 3l1clop:uh ic polen' !ll m3 Y, therefore. be .m porunl f or 

the a ssessme nt o f the ecologica l impa ct of ('o lic tre ( species. The inform3' ion is 

usef u l for spec ies se lecti on and plan131 io n m3n:lgcmc nl , especially if the aim of ItCC: 

pla nting is to implement a" intcgrated 13nd usc . 11 0",-(\1(1. no such Investlil l ions hilYc 

been undertaken in Ethiopia. 

The p rese nt iO \l(5 Ii&:lIi on wa s co nduct ed in ord er 10 rev(ll whether aQueous extr:tclS 

o f leaves o f C. IIISiulll iC'fI. £ . g{ohllltu ssp. gloll l/ Im, E. camafdll/(' ffSIl or E, sal/Ina 

influence the ge rmina tion and growth of fOur c rops: C,cu af/tll lfum L. (Chick pea ), UD 

mays L. ( maize), Pisllm SIIIII'IIn! L. (pea) and £ Il'/( Iefn. The test species "'erc selected 

due 10 Iheir impo rlan ce in c rop product ion In Ethi op i3 lnd the i r a bllll ) 10 acrmlO31e 

rapidl y. 

2. ~ 1 31er i31 s an d mel hods 

2. 1. Prepa ratio n o r aque o u ~ f'\: lra cts 

Fres h leaves from sever3 1 m31u re stand s or C. Iuwnlllr(l E. &'0;.,,1111 . E. r(l"1nldult'nIH 

:a nd E. snligl1n wcrc colle c ted in \ari ous regions or EthiOpll.ll r d r ied and ml'(cd 

Ihc inSli lu te of Plant Ecology. Uni\cr si t ~ or Copen hage n, t he le a \cs "" e re gro und in 

a T ecato r C yclotce 1093 Sample Mill . Aqueous ('(!ra els "" c rc obUlned us ing the 

ext r3 e t io n procedu res or Slo .... e ( 1979). Th e etltlCIS "" ere prePlred "" Ilh dluilled ""ller 

and shake n ror ro ur ho ur s. Foll owing e'(tra eli on, Ihe solul io n "" :IS rlilered through 

double la yers o f cheese c lo th and filt er pape r and kept :11 4°C until 3ppileliio n The 

lear ex-t rac ts from e::t e h species ""'erc pr epa red al 0 %. II'\J. 1.5 • 5 :and 10 

co nce ntrati o ns. All e" t r3e lS wer e used fo r th e ge rmin :uion bi o:a SS3). "'here :lS 

eoneentr3li o ns o r 0%.1 %.1.5% 3nd 51)., "" ere app li ed In Ihe plln1 l rO"'th C\penment 

The osmoti c errect o r aque ous e,,!ra eIS or Ica\ cs m3 ) tK clP3ble o r se .. ere Inhi bit io n 

o f ge r minati o n and gTo ""' lh (Bell. 1974 ). a nd th e osmo t ic pole nll31 o r Ihcc\luc u "'as. 

9J 



Table 20. Osmotic poten tial ~ r the aQ ueous lea f e:ltt racu (in per Cenl ). 
I 

Osmotic po tent ial of !(:If Ulrica (kP. ) 

1% 2.5% l% IO~ 
C. lusi tanica - Il -40 -8,. · 140 
E. carnaldu/enSi! -1 0 -)0 -lO -1 0) 
E. globulus -10 -20 ' 48 -90 

• I II, 

E. sali gna - 17 -)j -6) - I )) 

i ' I' 
I 
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therefo re. dctc rm i ncd with :I freezing-poin t osmomtic t . Gonolce C),mOm2l1 030- 0 The 

10% cx tr3 CtS had pote ntials bC I\I, (c: n ·90 3nd ·1 "0 "P3 (Table ZO ) (cordln 10 del 

Mo ral and Cales ( 1971) lnd del Mor31 ttol. (1978).lhls is generall y nOI Inhlbllory to 

gcrmina I io n a nd Tad ic lc grow l h. alth ough it m:a y be in so me c:IISes (S IO" c. 1979. Wardle 

et al .• 1992). In o rder to leSI if Ih is (ould be the C:lse "" it h the p rc p:u c:d C.\IraCIS, seeds 

o f c hickpea . maize . PC3. and ler r werc gc: rmin:ltcd o n Petri·d ishes with a SOlu t ion of 

mannitol (8ell, 1974) of an osmoti c pole nt ia l eq uiva le nt to the most co ncen tr ated 

extract (- 140 kPa) and compar ed to th eir germin:uion in di stil led wad e r. Ne i the r the 

ge rmination of th e seeds nor the ra dicle length .... c re :affected by rn:annitol in this pilot 

ex per iment . Based o n t h is, it was considered that a n y inh ibit io n obser ved i n 

ge rm ination and growth experime nts would ehldl) be due to :allclop:ath,e subst3 nees 

present in the e;ouracts, :lnd th:al di s l illcd "":aler could be used for Ihe conlr ol 

Ir ea l men ts. 

2.2. Germinalion bi o3~S 3~ 

Seeds o f C h iekpe:l, m:lize, pe:a and leff "" ere ge rm ina ted (ollo"".n& Ihe procedure o f 

Lca I hc r :I nd E i n hell ig ( 1986). T he fill e r paper \.\ as moiSlcncd " IIh 5 ml of the :aqueous 

CX Ir:l CtS o f 1%,2.5%.5%, :Ind 10%. :and di SI.lIed " a ler in case o f th e co ntr ol. T"enl~ 

seeds we re sp rc:ld out on IWO sheets of riller pape r pl ::l(:ed .n Petr, ·dl she s. There .... ere 

r i \I e rep 1 i ca Ie Pet r i -d ish es for e:a e h 1 }, pe of ex tr:a et, eonee n Ir:atl on a nd rec iDle n I spec .es. 

Th c Petri-di shes were nndomized and incubated al 20°C in d:arkness In se:aled plU IIC 

b:lgs. Seed germi nati on a nd ra dic le len glh .... crc rc corded 4 h 3fler Ihe onse l of 

ge rmin3li o n. whi c h occu rred :lf lc r IWO da~s for Icrr. :and after three days for the 

ol her cro p seeds. 

2.3. Grow l h ('\:pt'tim{'nt 

800 ml pO lS wcrc filled wit h cx p3ndcd (13) (parlU: lc SI IC l·S mm) prc\llousl) .... ashcd 

. h d · , ' lied walcr Th ree prc ,scrmln31cd sceds of C hI C ~PC3. m:uu lind th o r ough l y wl1 IS I . 
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pca. we re planfed and 0.25 g of fefr seeds "'ere so"'" pcr POI The pon "'e tc epl rOr 

le n wecks in a greenhouse with:l 12 hou rs d:l)-Ien,th :.nd d:.} :lnd nl,hl fempcr;atures 

o f 24 a nd 18°C. respect ive ly. There were fi\-e replle:u cs ror e:l c h trutment, and the 

pots were complete ly rand omized. The POlS "'ere "'alered dail y "' it h a SO lution or I 

pa ri nUlr ie Rt solu t ion to 5 p:HlSaQueouSeltl r:l elS(O'*'. I .25%. and S )( bdul-Wlhab 

& R ice. 1967; R ice 1972). T he n utr icn t soluti on had the rollowing propenies' 6 5 p H • 

1.76 ·EC mS em- I, 3.0 ppm P, 181 ppm NO, -N, 257 ppm K, 32.6 ppm Ma. 1)9 ppm Ca_ 

At ha rves t Ih e o ven -d ry weig h IS of shoolS 3nd roolS o r ea ch POI were determined . 

2.4. Stati s tical anal ys is 

Seed germination, radic le length and dr y we ights or shoots and roolS were , based on 

Ihe cond iti o n o r signifie3nt ANOVA·s.les led by me3ns or multiple comparison SN K 

le s ls wi th Pc: 0.05 ( Day and Quinn. 19 9) in order to In\estig:lle If SIgnIficant 

diffe rences exis tcd lmong trC:ltments. An:ll~ s i5 or d31l ("(presscd l S per cent3ges "'3S 

pe rfo rmcd after sq ulfe rOOI·ar esine lr:lnSformali on C okal Ro hlr. 19 I) 

3. Res ult s 

The aqueou s c'(!ra cts of lea\C5 of III the tcsted tree species. C IIm tnmra. E. 

ra maldl/lel/sis. E. g!oh"fllf 3nd E. 5afigl1a. significlntl} redu:: bo th lerminalion and 

rldicle elo ngat ion of thc m3 jor it y of thc crops. mosll} 't3rt'"g from concen trat Ions 

o f 1% or 2.5% ( F igs. 16 3nd 17). Chickpea ",as lr feeted moS! Slro nlly, WIth redUctI on 

o f ge rmi nat ion lnd radi clc ci on gali on by all 1%. e tt nclS. Terr germ inat io n ""as 

inh ibited at 5%, whe rels radielc cl ong:llio n "'as arrecled al I '. Pea lermin;ulo n "' U 

supp ressed at 10%, 2.5%. 2.5%. and 2.5rw.. and radIcle clonlalion 31 S • I • I .nd 

2 5~ fe / . . C g'oh"/,,, C" rattlaldll/"/nH 3nd E ,al/trta ettnclS. rcspce(llo-el 
• "7U or . " S/lamra. c;. . • c;. . 

Seeds o f m:l ize sho " cd no reduelion in gcrmlnalion etecpt '" IIh the 10' C'lraets of 
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E. c{ln/nldl/lells;s and E. Sf/I , 
IG IIn C3\( S, .... hc:rc3S redUCll o n or radicle: c1onlallon u 

see n at extract co nce ntrat ions o f ' ; "It, 0' , .. fo £ IJ I 
~ " r rflmQ II '"UJ. ' 0 (un111 Iro", Ih 

was observed i n extracts or in rOOls dur ing the c ~ pCflmc: n t. 

The s h oot and rOOt dr y wc:ighu ( Figs. 18 :and 19) rC:Ycalcd Ihllthe: , TOllolh of the c rop' 

was s ignifi ca ntl y supp ressed by the aque ous (lIt T3e ls of the tree: lelvcs, bUI with 

va r yi ng degrees of susceptibility. The: shoo t biomasscs were supp ressed by all tJ,lrac!J 

s tarting from 1%, wh ich was a lso the ( :l se for the rOO t bio ma sscs in all bu t:l reI,/" cases. 

Among the tes ted c rops lerr wa s Ihe most susee pti Ie. Al so. th e shoo t grow th o r th is 

crop was further reduced w hen exl ra ct eoneentr:lIion ine re3 sed. Gene rally. there was 

o nl y a slight dirrerence between e:<l r3 e tS .... ith rcspec tto theircrrcclon shool and rOOI 

bi o mass. although C. lusiwllicl/ e:< lr3 ets .... c re less inhibi tor~ th 3n o thcrs to pu shool 

g ro wth. and 1% E. gloh/llll~ el:tra e lS did not suppress chid.rcl and lerr rOOI grolA.th:u 

com pared with co ntro ls. From the combined d:lIl on germinallon. ndlelc length lind 

shoo l and rOOI gro .... ·th. t he lear el:trl c lS or the rour Iree SpecieS C3n be lrnnlcd 

acco rding to increa si ng :llIe lopathi e potent i3!. C./uUll/l//cn. £ g/Q"""/{. £ mllgl1Q lnd 

E. camald lllel/sis. 

4. Di sc uss ion 

Th e present in vestigat ion indi ca ted t hat t he lea f CH raC IS fr om the three EUCQilpIIH 

species and C.lllsiln ll ictl inhib ited the germ in:Hl on. radi cle elonglllon and IfOV.lh of 

h d Th O 0 Id be due 10 chemical subsl:tnecs In Ihe e ~ t'3c t sor the le3"'CS. I c teste crops. IS c u 

whic h again wou ld s uggcst an aJlelop:lI hie polCntlal or the tree specieS under field 

cond iti o ns. Allclopathic effects o f both £lIrnhrlS specIes {del Mou l Mulle r. 1969. 

6 ' Ash. 1990; Kohli SloSh. 1991. In h rt nl. 
1970' Bhas kar & Da5appa. 198 : ~ :ay , 

1991) and Cupre.HlIs spp. (de l Moral ( ' Muller. 1969; del Moral 

reported based o n b io3 ss a ),s and fie ld observ:Ulons 

10l 

Cates. 1971) ha"e been 



In h ib ito r y compound s such as esse ntial \ Oll t lle oils hJ \ e been Idenllr led Jnd Iw illed 

f ro m the f o lia ge o f ElicalrpH (de l Morl l ' \I uller . I 69,1970; Sina h tt ot. 1991 ). 2nd 

the occurre nce o r these compo und s hu been spceul lted rOf CUp r tJJ11J (del Mon l 

Ca te s, 1971). Such esse ntial o il s ml ),. when Jd sorbed 10 the soil pJrticles. rel,IIn 

activity and inhibit ge r minat io n or seeds lnd the ensuing rad icle el onaat ion (Sl na h " 

al .. 1991). The prese nt results demOnstrlle thJt seed germinafio n and radicle .ro wfh 

(and for terr, the shoot dry mass). arc redu ced 10 • h iahe r eJ.tent by inere.uinl the 

concent ration of leaf ex tracts. Thi s suggem thaI the potential allel opathie errecls 

co uld bc mor e pr onounced in lreas where ra infJl1 is low or errati c and thus 

insufficient to dilute ph ytotoll: ic substan ces by run-o rr or leac h ing hom lOp soil (Ma y 

& Ash, 1990). In creasi ng eX lr :lCI concentrations did nOI de.cre:l$e. the rowlh or 

chickpea. maize 3nd pC3 sccdli ngs furth er: full gro\A.lh redu ct ion is prOblbl) ruched 

by extract concen lT31 ions of 1%. 

The Slronge r effect of Ic:lf e'(lrlCI S of E. Ca rtmIJII/," !!H and £ '(l1'1"a compared to 

those o f C. Illsi/allica on ge rmin :lIio n of the tc st species could be the re sult o f higher 

co ncent r:lti ons of allclopathi c subst3n Ces in le3\eS of mos t euc31~pu . Dlco t ) led ono us 

pllnts gencra lly posscss c o ns i dcrabl ~ gre:l lcr eonccnt rltions or inhibitOr) subs tan ces 

than coni f ers (del ~ .. for;1I & C:lf es, 197 1). Vol:l l ilc mono· and sesQul!erpenes (He round 

II b 19 8) and lerpenOlds h: ... ·e been in My rta ceae and in gymnospe rms ( ' :IT o ne. . 

ident ifi ed a s 311c1opathie 1gentS in E. pln""I"t and E. C'a rnnldultnJ/J (del Mo ral & 

1970: Rice, 1984). Within the eucal}pU the dlrrercnt spec lcs dlrrcred \A.ld el)' MuHer, 

. . rr thc tcst species. \\llh E C'rtrna/d u/t nll t and E. sa/I,,,n in the ir a ll cloplthlC e ee l on 

,d \Crse l, th3n E. F/(llIu/ln Th iS could be: due to 
af fe cting the test species more 

coneentr:lll 0n or potc ntlll JllcJoPllh ie subs tan ces 
differences in composition and 

betwee n speci es of eucll yptS (Koh li & Singh, 1991). 

10J 



Allclopalhic crrce!s in nat ural SYSlems 
3re to :I ]arler Client Ihan laboulor y 

expe riments subjec ted to milig:u ion . , ·r 
Inlcn SI ie311 0 n by the ph )s lcOoC hcm lcll 

chara c teri stics of the soil and Ih c mi crobi 31 3C1 iY' I) ( Ih rbornc, 1991). It IS thus nOt 

easy to relate re sults from bio:uSJ )' stud ies .. jln c:.tra cts of f ind y ,found plant 

mate rial 10 processes in nalura l forests and 3groforcSl r y S) Siems (SIO " c, 1979. May &. 

Ash, 1991; Wardle n 01 .• 1992). As an example: . onl y luvc:s were: USed fOr thc: 

preparation of cxtraclS. Stem flow oflcn appears 10 be a polc:nllOuf CC: of a llc.lopathic 

chemi cals in eucal ypts, espec iall y fo r E. gfohll flls. and in add ition 10 1C:3\ CS. bo th bHk 

and roots ma y contai n all elopathie subslan ces (de l Moral &. Muller . 1969: ~b y &. Ash . 

1990). However, the present results show in all cases, Slro"& redu ction in crop afOw lh 

wit h d ilu te C:<lraCIS. Th is suggestS Ih :11 allcl oP:l1h ic subs t3nees from Ihe te Sled Iree 

spec ies affect he rbaceous piJn ls and crops in Elh iopi3n bnd usc S}SlCms. 8ioassa) s 

w ilh leer wilh so il s from under mature £ ,:1010 ,,111{. C I"wa~/('a an J (lmara 

plant:lIi o ns in Ethi opia support this concl us ion ( \h .: hcl se n t't at. 199) ). In Ih :lI s tud ). 

th e lo tal dry wei gh t of lerr in th e so il of £ :: /"follft/\ .... a s red uce d b\ 60·~: co mp3red 

wilh le ff in th e so il f rom thc IWO Olh er planl :1I;on species. and b) 6 In co mpari so n 

wilh Ihc natu ral forest. 3f ler three monlhs of 8ro .... 1h 

The crops varied in the degree of s usccPlibilil~ 10 the trCC le3f etlr3C1S Of the four 

cro ps, chi ck pea an d terr we re clca rl ~ mos t s!T ongl } arreCied With respect to 

.. d rr ·,h ,e,pcc l to grollolh Th is rnl ) h3\e Wide Implicallo ns for germinatIO n , an te WI . 

land usc in Ethiopia . co nsid erin g Ihe .... idespread pl an tin & of eu cal ypts :alo n& field 

. r r r ' n Ihe Elhl oplan highland . lerr rain conSll1ulCS 
bunds and Ih c Im po rtan cc 0 IC I 

. d p' es"'l J ) of Ihe agri cultural ,ru In 
19.8% of th e tOlal food c rOp pr odu ct ion an occu I • 

Elhi o pia (An onym ous. 1988). 

.' d condlll onS as th ose pre\:IIlltnlln the Elhio pillin 
Eu calypls and C. 1"SIlIlIllCIl are, un cr 

. P h ' nen 199 poh jonen Pu ' ''1111111 , 1m) 
hig hlands. hi ghly prod uct ive tr ee speelCs( 0 JO . . 

10J 
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bot seem to ha ve long-te r m erfc . 
CIS on soli pr opCfllCS ( \t u: hc h cn r l QI 199)) T c 

presc nt resu lts sugges t th:1I allc ]op:llh ic b 5U Siances :arc C3uses of the ad"cnc C((CCIS or 

the plant ing o f th ese tree species In ord " . c r 10 m:llnUlin the ,found \'( cUlio n co .. cr In 

p lantatio ns and imp rove th e producti vil r ' yo Inl cgt31cd bnd uS( systems, the plantlns 

of euca l y pts and C.1r'si /alliea shou ld thu s be:3 'd d ' . VOl C In :lreas prone 105011 erosion . and 

with tow rainfall where there is 51 .. . rong competition betwc:en crops for Wiler (Malik 

& Sharma, 1990), and where the potent ia l of allclopath ie ( ff ccu is bia h. Furthermo re . 

the use of E. camaldulellsis and E. saligllo should be minimized Or a voided as the y $Cem 

to affect c rops the most st rong ly. 

Ailho ugh the prese nt re sults demonst rated suppress ion of sermination and sro""lh by 

leaf extracts of E. glohll/lis the efreet '"'-a s less than for th e olher eu( 31) PI5 1(S led £ 

g /ol)///IIS may be chosc n for pllnting in arcas '"'-I t h r ei 31 1\el~ hlS h rainhll3nd h ITI) 

drainablc soil. l nd where (he m3in lim of Irte pl3 nlln g IS 10 Incre3SC shorl t e rm !tce 

p roduc i ion. a s this species is cha rae terized b~ Lu t gro '"'- Ih t PohJOnen PuU al3, 1990) 

In arcas where conserv:lIion of land and soi l reso urces thr ou gh 3groforestr ) IS the 

rna i n purposc of trce pia nt i ng. spce ies .... h ie h do nOI su ppress he rbs 3nd 3dJOi "I"S crops 

sh ou ld be chosen . In Ihe Cl se of the [t hi opi:! n highll nd su ch nees could bc the local. 

med i u m prod u Ct i vc hl rd '"'-'oods A. ahysSII lIca. Cord j(I alr/caun L3 m , £ rrlhr/na 12/1" JIlt/CD 

Lam. cx. Dc. and in the lo wl :lnd drought rcs istant, multipurpose .AcnCID SpeCi es such 

as A. /lifotica (l.) Dcl., A . . H' .l'(If Dcl .• and A. forl!fu (Forsk .) I-I a ) ne. Data o n pr uel i ... iI Y. 

as wc ll as compe tit ive and environmental effeclS o f indigenous species arc, ho .. c \' u , 

sCHce (Posc hen-E ic he. 1987: pohjonen . 19 9, ~"c he lsen . 1992). In Iddi tio n 10 

measu reme nt s o f p roducti\. ity. long'tcrm invcst ig311 0ns of the ccoi01lC31 Imp3ct of 

ex ot ic as well as local !rce species should h3 \C me rit In the pr ocess of speC In 'IcleCIlon 

fo r integ ratcd 13nd usc systems. 
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S ummary 

The po te n tia l a ll elopa th ic errec t of C. IIIJl/am(a E. giobulul E (Qmol"ultffJIJ lind £ 

saligna o n seed ger minati on. radicle and seedling gr owth wa s in\fe.uilaled .. uh rour 

cro ps: C. ariefi llllm. Z. mll)'s. P. sa/ iI'um and E. It/. Aqu eous ntncts o r all the tree 

spec ies s ignifi ca ntl y redu ce d bo th germ in:Hion and radi cle growth or the ma jorit y o r 

the c ro ps mostly st arting from concentrations of 1% or 2.S%. The sh oo t and roo t d ry 

weigh t in c rease of the crops wa s s ignifi ca ntly redu ce d aft er 10 " 'eeks or tr eatment 

with Ica f ex tracts. A mon g the rou r crops, C, ari('//lwm :I nd £ . ttl .... ere mOS t suscep t ib le 

with respect to germination, and E. ltl wit h rcspecllO arowlh . From the ove rlll dall 

thc Ica f extra cts of thc four tree spccics can be arrangcd according 10 increas in 

l lielo palhic potenti:!1 : C./IfSilalll(a. £. &In'' ,,II/~ £ la"~"a arrJ £ (a ntal"lIlt lt1ll . It IS 

sugge s ted that the p l3nting of E. ((IlffllIJ "h'III/I :!nd £ (all~lIa In Intcar:ued l:and usc 

sys tems shou ld be minimized. whe re:!s th e usc of C. l lI lllalll(a :and E, ~/Qhll/lll see ms less 

envi ro nmentally dam :l gin g in th is rcspee t 
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