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Abstract 

Soil seed ballks are all imporumt source olilew im/ividuals l or mOlly plm" poplllatiollS (llId COII­

tribll te to llllure genetic variability, 71le objectil'e of this stl/dy II'OS 10 im'estigate the compositioll 

olld density of soil seed bank ([millalUral regeneratioll sUltliS {II £ lItoto-mOIllIl([i/l ami along the 

Addis Ababa - Golwtsioll road. A IOral of fortY- lIille quat/mts were established i/l the selectell 
sites. The quadrat size (10 m x 10 l1I)for tree:,', shrubs {llId herb {lnd lI'ilh seedling (heighl ~ 1.0 
m), saplillg (height befween I alld 3 III) ami malllre free/shrub (height > 3 m) laid dowl/ 10 exam­

ine similarity between standing vegetation (II/(I seed Ixmkflora as well as lIalllral regel/emtioll of 

the sllldy site. Soil sample:,' were collectedl romtlie main quadrats measuring J 5 cm X 15 em alld 

from fo ur soil layers. the litter layer and three .mcee.\',vil'e layers (0-3 cm. 3-6 em, alld 6-9 em), A 

total of 98 plam species germinated f rom (l lIlhe soil samples collected for Ihe investigation. 

Herbs dominated the SSB represelllillg lIearly 87,ljO/O of Ihe i(/emijiell species. 71/C distribll tion 
of seeds through the profi le illdic(/(ed a sharp declille ill ablilldallee with depth. The greatest re­

serves of seeds were ill the sllf:face layer of the soil (0-3 em). Similarity between StfllUJjllg vegeta­

tioll (II/(I SSB show thar there was negligibly loll' similarity (JCS :: 0,204-0.375). However, 

there was (I general tendency of disappearance of na/ive 1I'00dy species /rom fh e SSfJ as evi­

denced by the germination of few woody species. 71, is implies thaI reliallce on the SSB for the 

recove,y ofl1ative woody species is 110/11'01"/ily. Allalysis ofl/a/ural regeneration of woody :,pecies 

shows Ihal a lotal of 25 WOOlly species (llId 8. 977 iudividual:,//w Il 'ere recorded. The highest seed 
del/silY of naturaJ/y regener(llillg woody pIa illS alld Ihe highest number of specie,~' were recorded 

ill Eucalyptlls plal/tation foresl. Farmlalld. pasturelaml lind wetlaml habitat types sholl' 110 seed­
Iillg aud/or sapling of woody species, 71lis. ill 111m. indicates IIiat f uture exisleflee of Ihe woody 

flora characteristic of tropical dry el'ergreell Afromolllaue areas ill Ethiopia depellds Oil/he eOl/­

sen'a/iOIl {lml sllstainable ulilizarioll of the fe w remualll natllral Jorests, 

Key words/phrases: ~ Entoto Mountain, Ellca~ypt/ls plantat ion, species composition, 
seed density, soil seed bank, natural regeneration 
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CHAPTER ONE 

1. Introduction 

1.1. Background and Justification 

The ecosystem diversity in Ethiopia is endowed with immense wealth of bio logica l rc· 

sources due to its d iverse topography, soil and cl imate. The country has the sixth largest 

nora in tropical Africa and out of about 6,000 species of higher plants, about 600 taxa 

plant species are endemic (Enscnnu KcJbssa, Pefs. Comm.). Its di verse geography has 

contrib uted to the development of variety of fauna, wh ich includes about 284 species of 

mammals and 926 species of birds. OUI of these 29 ma mmalian species, and 2 1 bird spe­

cies arc endemic in the country (Shimcl is Ayna lcm and Afcwork Bckclc 2008; Tadcssc 

Habtamu & Afework BckcJc 200S). 

Vegetation Iypes in Ethiopia arc highly diverse, varying from Afroal pine to desert vege­

tation. However, the vegetation resources, including forests, reduction in Ethiopia is 

most ly attributable to anthropogenic factors. The 1110st prominent ones are deforestat ion, 

expans ion of agricultural land , overgrazing, unsustainable util izati on and invasion of ex­

otic species overexploitation for various purposes such as fi re wood, charcoal, constmc­

tion materi al and ti mber, all spurred by rapid human population growth (Teshome So­

romessa el aI., 2004; Hai leab Zcgeye el al., 20 11 ). Deforestation and land degradation, 

in the country, led to ecological and socio-economic cri ses (Haileab Zegeye el aI. , 20 11). 

Due to increasing human pressure, traditional land management practices, such as shi fl­

ing cultivation, have been replaced by pennanent fann ing systems in most parts of the 

country. Such continuous cultivations arc associated with decl ine or loss of biod iversi ty 

not onl y through the outright loss of habi tat but also through the deterioration of the SSB 

(Mulugeta Lemenih & Demel Tcketay, 20(6). 

Seed banks, which are the aggregations of viable seeds in the soi l potentiall y capable of 

rep lacing adult plants, playa criti cal ro le in vegetation maintenance, succession, ecosys­

tem restorat ion, differenti al species management and conservation of genetic variabili ty 



(Mulugeta Lemenih & Demel Teketay, 2006). Usc o f SSB in vegetation succession m3n­

agement is acknowledged as a low cost restoration technique since it disposes of man y of 

the problems associated with collecting, storing and sowing seeds as well as transplanting 

ind ividual seedlings rose in a nursery. SSB exhibits variations in space as well as time 

and display both hori zontal and vertical di spersion, reflecting initial dispersal onto the 

soil and subsequent movement (Feyera Senbeta & Demel Teketay, 2002). SSB partly re­

fl ect history of the vegetation and can play an important role in its regeneration or resto­

ration after di sturbances. They have been exploited in two contex ts: 

I. To manage the composit ion and structure of existing vegetation, and 

11. To restore or establish nat ive vegetati on 

Seed bank assessment can illuminate seed inputs from the past that may 110t presently be 

apparent in aboveb'TOund vegetation because of climatic or compet iti ve factors (Espeland 

et al., 20 I 0). Seed banks are considered essential constituents of plant communities since 

they contribute significantly to ecological processes. The recovery-abi lity o f vegetation 

after di sturbance is believed to lie mainly in the buried seed populati on. The understand­

ing of the dynamics and function of seed banks has become a great challenge to plant 

community ecologists, as this understanding is necessary to enable detennining the ro le 

of thi s community trait in ecosystem functioning and also to improve integrated man­

agement o f ecosystems (Luzuriaga el al., 2005). 

The composi ti on of a seed bank depends on present and fOnllCr aboveground vegetation 

and seed rain from adjacent areas. The hi storical composition of aboveground vegetation 

has often been identified as a key factor detennining seed bank composition (Chaideftou 

et al., 2009). SSB composition is also influenced by the surrounding vegetation and for­

mer successional stages (Godefro id et al. , 2006). 

In most tropical areas, however, the degraded or completely destroyed forest sites are 

changed either to other land uses, c.g. establishment of monoculture plantations of fast 

growing trees (Feyera Senbeta & Demel Teketay, 2001), or pennanent arable lands, 

which is a common practice in the tropics, c.g. in Ethiopia. In these cases, although the 

seed banks have the potential to initiate re-vegetation of the sites, they arc continuously 

eliminated through weeding practices and ultimately completely exhausted . The other 
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scenario could be the conversion of the destroyed forest sites to pennanent arable lands 

fo llowed by their abandonment. Here, some of the persisten t seeds in the soil and the 

seed rain (if any) may lead to restoration of the vegetation. Plants developing from seeds 

in the top layer of soil , usually dicotyledonous wel.-ds represent strong competition to the 

seedl ings of grasses, which develop more slowly (Perera, 2005). Therefore, it is neces­

sary to examine whether using their SSB could rehabilitate the di sturbed tropical dry ev­

ergreen A fromontane forest. 

Therefore, studying the fomlation and variati on of the seed bank is of great s ignificance 

to natural renewal of vegetations, successions o f dominan t communities, and quick re­

covery of vegetations. The studies about the seed banks of vegetations can re fl ect com­

munity hi stories and play an important role in rehabi litating degenerated ceo-systems. 

Thus seed banks are thought as the material basis for natural rcnewa l of vegetations and 

studies about soi l seed banks are part of biodiversity research; and the seeds with long 

lifc span in seed banks arc of genetic importance and thus are considered the potential 

supplier of gene diversitics in plant communiti cs. Accordingly SSB arc, o f importance in 

mainta ining ecological diversities of populations and communities and that the problems 

abo ut soil seed banks arc widely concerned in the research abo ut the (,"Cology of plant 

populations by restorat ive ecologists al home and abroad. 

Plantations in gcneral and Eucalyptlls plantation in particular can have a catalytic cffect 

on the regeneration of native species and can be used as a managcment tool for restora­

ti on of degraded forest lands (Eshetu Yirdaw, 2002; Feyera Senbela et al. , 2002; Mu­

lugeta Lemenih and Demel Teketay, 2004). Because of the considerable damage of the 

mountain forests, concern has ari sen about the natural regeneration of indigcnous species. 

Regeneration, thus defined as the reassembly of flori sti c and structural di versity back to 

self-perpetuating climax states (Fekadu Debushc et al .. 20 10). In Ethiopia, the uncon­

trolled removal of trees, land disturbance, specia lly coll ecting of flrewood, cultivation of 

lands, grazing, etc severely reducing the density of the species and affecting regeneration 

(Demci Tekctay, 2005). 
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The natural regeneration of plants is an important subject in both conservation biology 

and management (Du X ela/.. 2007). Cost -effecti ve plant regeneration, espec ially natural 

regeneration (i .e., regenerati on of native plant species), is the keystone of sustainable for­

estry (Jonasova elal., 2006; Leinonen el al.. 2008). Natura l regenera tion depends on the 

seed bank (Wang et al. , 2009). The seed bank and in particular the long-lived seed spe­

cies, can buffer against environmental variability b(.'Cause it can provide Ilew seedlings to 

re-establish the native community after di sturbances (Satterthwaite CI a/., 2007). Also, 

SS B can be a source of colonizing species that can restore degraded ecosystems or accel­

erate forest succession (Luzuriaga ctal., 2005). The composition of the seed banks main­

ly depends on seed product ion and composition of the seed sources, which consist of cur­

rent and previous vegetation (Godefroid el al., 2006). Therefore the assessment of the 

regeneration pattern and the role of seed bank in the regeneration of plant species arc vi­

tal. So far most of the works about seed bank and natural regeneration focuses on forest 

areas and did not consider the plain land and hill top vegetation like along the road to 

Gohatsion. This study mainly focuses on the SSB collection from the Ellcalyptlls planta­

tion forest, hill top vegetation and plain land for the investi gation of their recovering ca­

pacity. 

Our work also eva luates to what extent seed bank characteristics such as composition, 

ab undance and vertical di stribution of seeds affect the development of the aboveground 

vegetation. Furthennore, thi s study brings a contribut ion not yet sufli ciently ana lyzed, 

through calibration of the regenerative potentia l of the seed bank versus the comparing 

vegctation development in all study sites. We address the following specific questions: 

(I) Docs the SSB have contribution to restoration or rehabilitation ofnaural forest? (2) 

Are there any diffe rence and similarity between the Ellcalyptys plantat ion forest and the 

plai n land in regeneration status and seed bank potential for recruitment of native spe· 

cies? (3) To what extent the SSB composition and density vari es with depth and in dif­

ferent land use types? (4) Docs Eucalyptlls plantation prevent or affect the natural regen­

eration potential of native woody species? (5) What will be the similarity between SSB 

and standing vegetation? (6) What will be the current regenerat ion status of woody spe­

cies of the study area? 
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1.2. Objective of the Study 

1.2.1. General objective 

To study the compostion and density of soil seed banks and nat ural regenerati on status o f 

woody species on Entolo Moun tain and along the Addis Ababa - Gohatsion road, 

1.2.2. Specific objectives 

.:- To study the seed bank species composition, (as well as the verti cal and horizonlHI 

di stribution and density) in the study area; 

.:. To assess the regeneration pattern and compare the species composition of the 

seed bank fl ora and the abo ve ground vegetation; 

.:. To examine the role of seed bank in the natural regenerati on status; 

.:. To investigate the seed bank and natural regeneration potentia l; 

.:. To study the effects ofland usc type on seed bank and natural regenerati on; 

.:. To compare regeneration status and seed banks di versity o f the study area ; and 

.:. To make recommendations on management options for land managemen t and 

restoration of the vegetation of lhe study area. 
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CHAPTER TWO 

2. Literature Review 

This section tries to summarize issues related to sc(."<1 bank and natural regeneration. The 

parts included arc: what is soil seed bank? Characteristi cs of the soil seed banks, Dymun. 

ies of soil seed banks, Dispersal and distribution of s(.'Cd in seed bank, Seed longevity in 

the soil, Environmental significance of soil se<.--d bank. The efTect of seed bank for regen­

erat ion of plant community, Factor affecting soil seed bank composit ion, Factors aReel­

ing seedling emergence from seed banks, sampling method used to stud y soil seed bank, 

Methods to determine so il seed bank status, natura l regeneration and soil seed bank stud­

ies in Ethiopia and Eucalyptus plantation and naturally regenerated woody species. 

2.1. Soil Seed Bank 

2.I. I.What is soil seed bank? 

Soil seed bank is defined as the mature viable seeds stock existing in the soil surface. or 

buried in the soi l, duff or litter, in a dctcnn inate moment and place (Qiuyan el al .. 20 II ). 

A soil seed bank is also defined as the total number or density of viable seeds stored in 

the soil in a given period (Wanga el a/. , 2005). It represents a living record of the recent 

vegetat ion and a new potential seedling emergence pattern of an area in the future. It is a 

mirror image of the populati on thai persisted in incubation, and it laid the groundwork for 

the recruitment, regeneration and persistence of a population. Under natu ral condit ions, 

plant seeds are affected by many ecological factors during the whole process, including 

di spersal of mature seeds, persistence in soil , gennination and, then, growth into seed­

lings, under optimum condition (Wanga el al., 2005). The soi l seed bank plays an impor­

tant role in the composition of different plant communities and thus in their conservation. 

Seed bank composition can be used to predict the initial composition of post-recruitment 

vegetat ion and yield infonnation on the species composition of previous and new vegeta­

tion, the relative abundance of recentl y recruited species and the potential di stribution of 

each species (Qiuyan el al. , 2011). Furthennore, it represents a store of evolutionary 
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memory. Thus, knowledge of the seed bank and an understanding of the population ely· 

mimics of buried viab le seeds are of practical importance in agri culture, fort.'Stry and can· 

servation. The capacity to fonn persistent seed banks allows species to survive episodes 

of di sturbance and destruction. Many specics have Ihis capacity and many do not 

(Qiuyan et al., 2011) . An understanding of persistent seed banks is the key to many as· 

pects of pract ica l management for agriculture and conservation, and to effecti ve conser· 

val ion of rare species and diverse t.'Cosystems. 

Soil seed banks can be either transient, with set.xis that genninate within a year of init ial 

di spersal, or persistent , with seeds that remain in the soil more than one year. They ex· 

hibit variations in space as well as time and display both horizonta l and vel1ical di spel'· 

sia n, reflecting initial dispersal onto the soil and subsequent movement (Feycra Scnbcta 

& Demel Teketay, 200 I). They have been ex ploited in two contexts: 

.:. To manage the composition and structure o f existi ng vegetation and 

.:. To restore or establish nati ve vegetation 

Natural forests in the tropics have been and continue to be subjected to natural and hu· 

man induced disturbances, which have resulted in thcir degradation or complcte destruc· 

lion. The fates of these forest sites vary from place to place. In places where the sites arc 

le ft w ithout further interference, the processes of succession that wi ll ultimately lead to 

re·vegetation of the sites may be initiated. Here, the soil seed ban ks serve as one of the 

major sources o f plant re·growt h. In most tropi ca l areas. however, the degraded or com· 

pletely destroyed forest si tes are changed either to other land uses, e.g. establi shment of 

monoculture plantations of fast growing trees (Feyera Senbeta & Demel Teketny, 200 1), 

or permanent arab le lands, which is a common practice in the tropics, e.g. in Ethiopia 

(Feyera Senbeta & Demel Teketay, 2002). In these cases, although the soi l seed banks 

have the potential to init iate re.vegetation of the sitcs, they are con ti nuously eliminated 

through weed ing practices and ultimately completely exhausted (Feyera Senbeta & Dc· 

mel Tcketay, 2002). A third scenario could be the conversion of the destroyed forest sites 

to pennanent arable lands followed by their abandonment. Here, some of the persistent 

seeds in the soil and the seed rain (if any) may lead to restorat ion of the vegetation (De· 

mel Teketay, 2005). 
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2.1.2. Characteristics of the soil seed banks 

The characteri stics of seed banks, their size and composi tion, seed distribution in the soi l, 

and seed fatc can be high ly variable. Land-management practices can affect all of these 

characteristics. Processes affecting seed-bank dynamics, particularly in crop systems. arc 

complex and vary greatly depending on production practices and timing (Joanne ef al., 

2006). The ecological framework of soi l seed banks and seed persistence has been corre­

lated to seed characteristics, their di stribution in soils, land-management practi ces, and 

soil/environmental cond itions. 

The weed species have surv ived throughout lime, because of their abi lity to resist several 

adverse climati c conditions, tolerating high and low temperatu res, dry and hu mid envi­

ronments and variations in oxygen suppl y. The fundamental point in the success of weed 

survival is their persistence capacity in certain areas. This capacity is a eonsequcnee of a 

great number of seeds produced, long-tenn viabil ity, continuous genninulion, and pheno­

typ ic and genetic plasticity (Christoffoleti & Caetano, 1998). 

The composition of seed banks is variable, and is classified as temporary or persisten t, 

when mOdifying the regeneration of the vegetation during different time of the yeur. 

Temporary banks are composed of seeds of short life, wh ich do not present dOnlmncy 

and are d ispersed in time fo r short periods during the year. I}crsistcnt seed banks are 

composed of seeds that have more than one year of age and reserves of seeds remai n in 

the so il ycar after year, generall y buried into the soil (ChristofTolcti & Caetano, 1998). 

The success of a seed bank depends on the seed density ready to germinate, when re­

placement of a plant is necessary and when the environmental conditions for establ ish­

ment are favorable. The seed dormancy is another characteri stic that affects the seed 

bank reservoir. 

2. 1.3. Dynamics ofsoil seed banks 

An understanding of the funct ions of soi l seed bank requires not just knowledge of the 

number of seeds present at one time but also knowledge of soil seed bank dynamics 
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(Mulugeta Lemenih & Demel Teketay, 2006): the rates o f seed input and the rates at 

which seeds are lost (Demel Teketay, 2005). In agro-ecosystcms. where the soi l is di s­

turbed frequentl y, the soi l seed bank acts to stabili ze and ensure species survi va l. The dy­

namics of a seed bank evolves a seri es of events and of seeds from the bank. in relation to 

time (Christo ffoleti & Caetano, 1998). 

The seed "rain" determines the input. This way of di spersion includes passive foml s, me­

chanical ejection of seeds, fire , wind, water and animals. l1le result from physiological 

answer of plants to environmental factors , that induces the genninat ion seed burial or re­

di spersion o f the seeds and predation of the seeds by insects, pathogens, and other ani­

mals. Land preparation and crop rotati on arc the two primary agricullllral pract ices that 

generate impacts on soi l seed banks. The land preparation practices arc used in order to 

control weeds, break soil surface hardness, and increase aeration; the seed germi nation is 

stimulated because of the seed dormancy break by li gh t. alternated temperatu re, water 

and nitrate ions. The type of land preparation innuences the se(.'(\ di spersion in the so il 

profile; the management at same depth favor an unifonn distribution of the seeds in the 

soil profi le, finding lower seed populations deeper in the soi l (Viswanath el al. , 2006), 

stated that no ti ll and superfi cial till age tend 10 reduce the amount o f seeds at the soil sur­

face shed by plants, since there is induction in the genni nation or loss of viability. The 

presence of seeds at the superficial layer of the soil and fr(.'q uenl culti vation, arc factors 

that reduce the seed bank rapidly. This situation can faci litate SI..'C(\ predation by exposure 

of seeds to vari ations in temperature and humidity, and breaking their dormancy. How­

ever, the speed of soil seed bank depletion depends on the seed producti on of the spccies 

(Viswanath el al. , 2006). 

2.1.4. Dispersal and distribution of seed in soil seed bank 

Most of the seeds in the soil seed bank come from the nearby parent plants; while plant 

communities contribute the remaining seeds a long di stance away from the parent plants 

(Solomon Tefera, 2011). Sexuall y reproducing plan ts produce seeds, whieh di sperse from 

the mother plant by different mechani sms, and be incorporat ed into the soil and become 

part of a store or bank of seeds (Eyob Tt=nk ir , 2006). When seeds fall to the ground, they 
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can enter the soil in a number of ways including fa lling into cracks and being buried by 

insects and mammals. As long as the seeds, dispersed by different di spersal mechanisms, 

remain buried in the soi l they maintain their donnant state. If the buried seeds face certain 

factors, which bring them to the su rface, they wi ll nonnall y gcnninitlc: giving risc to 

plants whose parents may have existed many generations before. Once st.'Cds incorporate 

into seed banks they face different environmental conditions. which en tirely delenlline 

th ei r fates. The fa tes of a seed population in the soil depend upon the nux of st."Cds into an 

area by dispersal and the loss of seeds through the activity of predators and pathogens, 

senescence, and genn ination (Wanga et 01. , 2005). The dispersal mechanisms of set.-ds 

vary in different plants though the purpose is the same i.e. incorporat ing to the so il pro~ 

viding the means by which a species colonize sites suitable fo r its growth. The d ispersal 

of seeds is commonly influenced by abiotic and biotic factor. The abiot ic factors include 

di spersals due to gravity, wind, water, as well as structure and characteristics of soil ; 

whereas the biotic factors include dispersal by means of different animals includ ing hu~ 

man beings. The effect iveness of seed di spersal agents depends mainly on the number 

and quality of seeds dispersed (Eyob Tenkir, 2(06). 

in the seed-maturation season, they drop and are scattered on the ground to fonn a di s­

persa l map across the habitat of these plants. This process is di sturbed by an amalgam of 

factors, such as wi nd, predation, standing vegetation and topography of micro-sites in 

arid ecosystems. The interaction among these fac tors fomls the special spatial and tem­

poral patterns of so il-persistent seed banks. Owing to the growing awareness of the eco­

logical and evolutionary importance of seed banks, many fi eld studics ha ve documented 

the distri bution patterns of soi l seed banks and some, in particular, have documented the 

importance of persistent seed banks in the restoration of plant populations and communi­

ties (Wanga el al., 2005). Sceds in seed banks arc found distributed at different depths 

starting from the upper soi l surface. Seeds on the soi l surface have a reduced number in 

differen t seed banks since they might suffer hum high mortality due to high temperature 

and predation. The number of seeds recorded from varying profiles shows a variation in 

density of seeds in seed banks, which reflects their distribu tion. The investi gations on so il 

seed banks in dry Afromontane fo rests of Ethiopia depicts that in the analysis of the ver-
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tical di stribution of seeds the higher densities are found recorded in the upper 3 em of soil 

and graduall y a decrease in densities wi th increasing depth is al so recorded. For tropical 

rain forests, it is reported that there is a decline in the seed bank densit y and species wi th 

increasing soil depth (Eyob Tcnkir, 2006). 

2. 1.5. Seed longevity in the soil 

Seeds in the seed bank can remain stor(,'<i in the soil fo r various lengths of time and then 

later germinate with the return of favorable seasonal conditions. Storagc of viable seeds 

in the so il and the subsequent establishment arc functi ons of the soil. Sc(''<iling recruit· 

ment from the seed bank is restricted to periods of favorable soi l conditions that Illay con· 

lrol seed survi val and germination. One of the 1110 S1 important conditions is soil moisture 

wh ile other factors include soil pH and light (Solomon Tefera, 20 11 ). 

The longevity of seeds represents a major mechanism of survival of certain species, and 

Ihis leads to a continuous sourcc of emergency. The seed longevi ty in the soil v'lries 

among species, characteri stics of the seeds, burial depth, and climati c condi tions 

(Chri stoffoleti & Caetano, 1998). For an ecologist the longevity of seeds in the soil is 

very important. The persistence of seed banks in the soi l is a major component of the 

phenomenon of plant succession and plays an important role in the evolution of plant 

communi ties. The capacity of seeds to remain capable of gemlination is temled as seed 

viability. When an embryo in a mature seed remains alive, the seed is said to be viable. 

Longevity of seeds is very variable and depends on many factors and on the conditions 

through which they pass; for example, some seeds can stay long in the soil if kept in dry 

atmosphere. In typical soi ls the longevity of seeds can range from nearl y zero 

(genninating immediately when reach ing the soi l or cven before) to several hundred 

years (http://en.wi kipedia.orglwiki/Soil seed bank). 

Dcpending on internal and external environmenlal factors as well as specics to species 

the period of seed viability in the soi l varies. Viability is also affccted by ageing; with 

increase in age viabi lity of seeds dccreases till stops completely. The common reasons for 

loss of viability arc denaturation and inactivation of proteins and enzymcs, over dryi ng 
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and exhaustion of reserve foods of donnant seeds due to respi ration. The longevi ty of 

seeds in the soil seed bank associated with the principle of dormancy caused by either 

seed coat, condition of embryo, light sensiti vity, or chemical inhibitors. The dOnllancy 

generally helps the embryo to pass adverse environmental conditions. Evidcnces of 1011-

gevity in seeds come from archeological sites, dated herbarium sheets. or experiments on 

shelf-stored seeds or seeds buried in the field . However, only viability tests of seeds, 

which have been subjected to the moisture, temperature, and gaseous compositions of soil 

under field condit ion provide results of ecological importance (Eyob Tenkir, 2006). 

The complex relat ionship between seed longevity and soil moislUre makes any predic­

lion of the likely effects of changes in precipitation hazardous. Longevi ty of dry seeds 

decli nes as seed moisture content increases to somewhere between 10% and 15%, al­

though such changes are relevant only to the driest soi ls (Walck, 20 11). Above this 

threshold, longevity increases as seed moisture content ri ses, and the seed becomes more 

metabolica ll y active and able to repair damage to membranes or other metabolic machin­

ery. Increased precipitation may favor fungal pathogens leading to reduced s{."Cd persis­

tence in soil (Walck, 20 11 ). 

According to Demel Teketay (2005) the inherent propert ies of seeds such as ge rmina­

tion, dorma ncy and viability , the environmental conditions where seeds land and sub­

sequent changes as well as the presence of seed predators and palhogens delCrmine the 

length of time which seeds can remain viable in the so il. 

2.1.6. Environmental significance of soil seed banks 

Soil seed banks play an important role in the natural environment of many ecosystems are 

also essential in rehabilitation of a degraded For example, the rapid re·veget.ation of sites 

disturbed by wi ldfi re, catastrophic weather, agricultural operations, and timber harvesting 

is largely due to the soil seed bank. The seed banks found in different environments rep­

resent a record of past as well as present vegetation growing on the area and nearby. If an 

existing vegetation stand is destroyed by various causes, the seed bank will immediately 

serve as a source from which new vegetation arises. Forest ecosystems and wetlands 
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contain a number of special ized plant species fOnlling persistent soi l seed banks. The 

absence of a soil seed bank impedes the establishment of vegetation during primary 

succession, whi le presence of a welJ~stocked soi l seed bank pennits rapid development of 

spec i es~r i ch ecosystems during secondary successioll . In addition their significance in 

regeneration of lost vegetation, seed banks land 

(hllp:/Ien.wik ipedia.orWw iki/Soi l seed bank). 

So il seed bank is a key element in plant community dynamics. Seed banks enable plant 

populations to maintain their genetic variability and to withstand periods of adverse con­

ditions and persist over time. 11 is well own from theoreti cal and observationa l stud ies 

that the ex istence of thi s community component confers all advantage in habitats where 

environmental conditions arc unpredictable and call change dramatically. Seed bank 

compos ition and density therefore playa crucial role in vegetation dynamics above~ 

ground after agricultural land is abandoned (Luzuriaga el (1/ ., 2005). While it has been 

suggested that soi l seed banks playa major role in community dynamics in detennining 

the composition of aboveground vegetation the species composition of seed banks and 

aboveground communities does not al ways resemble each other closely. 

2.1.7.Thc effect of soil seed bank for regeneration of plant community 

Plan ts maintain and expand their populations in time and space by lhe process of regen­

erati on. Regeneration is a complex ecosystem process involving asexual and sexual re­

product ion, di spersal and establi shment in relation to envi ronmental fac tors (Hai lcab 

Zcgcye el of., 20 II). It is an ecological process that ensures the deve lopment of succes~ 

sive generations of plants. The strategies by which plants regenerate are soil seed banks. 

seedling banks and vegetative parts. Many plant species possess combinations of rcgen ~ 

erative strategies. The existence of multiple fonns of regeneration has important roles in 

the evolutionary and ecological potential of the plant. Possession of several stratcgies in­

creases the range of circumstances in which regcneration can occur, and thi s, in turn, 

widens the ecological range of the plant and confers a greater degree of persistcnce under 

fluctuat ing environmental conditions. Physical fac tors (e.g. ligh t, temperature, moisture, 

nutrien ts and wind), biotic factors (e.g. competition. herbivory and disease) and di stur~ 
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bance regimes strongly influence regeneration processes, and thereby, determine the 

abundance and status of the plant species (Hai leab Zegeye al 01., 20 11 ). 

Soi l seed banks serve as a source of regeneration of plant communities (Demel Teketay, 

2005). Seed banks have been exploited to manage the composit ion and stn lcturc of ex ist­

ing vegetation and to restore or establ ish native vegetation. Knowledge about the dynam­

ics o f soil seed banks and seed ling populations provides clues about the potent ia l of a 

plant community to regenerate after disturbance. The sel.'<i banks hence reflect the hi story 

of the vegetation and have the potential to contribute to its future through regeneration. 

The contribution of the seed bank to the regenerat ion process is ma inl y dependent on the 

existence, abundance and frequency of appearance of bare soil gaps varying in size and 

shape (Luzuriaga at al. , 2005). 

A good understanding of natural regenerat ion in any plant communi ty requires infomm­

tion on the presence and absence of persistent soil seed banks or seedling banks, quantit y 

and qua li ty of seed rain, longevity of seeds in the so il, losses of seeds to predation and 

deteriorat ion, triggers fo r gcml inntion of seeds in the soi l and sources of regrowth after 

disturbances. One of the most common methods of reproduction in most plant communi ­

ties is therefore, regeneration from seeds of the soi l seed bank (Dcmel Tcketay, 2005). 

Soi l seed banks playa major role in natural regeneration allcr disturbances such as fire, 

logging and overgrazing in humid environments, and dctcnnin ing the composition and 

density of seed banks is considered as an essential step in artifi cial restoration of de­

graded vegetation (Perera, 2005). 

In areas where there is frequent di sturbance the soil seed banks is the main establishing 

factor that serves to ensure species survival and success. The regcncration of plant com­

muni ties from seed banks depends on the viability of the seed and on the frequency of 

'safe sites ', not only on the viabi lity of seeds. A 'Safe site' is considered as that zone in 

wh ich a seed may find itself and which provides the resources wh ieh are consumed in the 

course of germination, the condit ions required for proceeding gemlination process and 

the stimu li required for breaking of sced donnancy (Eyob Tenkir, 2006). Furthermore, a 
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safe site is one from which specific hazards are absent such as predators. competi tors, 

toxic so il constituents and pathogens. 

Generally the regeneration of plant communi ti es depends on co nd itions, which arc local­

ized to the environment of that seed bank. The aspect of grcatest sign ificance is the ro le 

of the seed bank in detenni ning the future vegetation through the principle of rcgener~l ­

tion , especially after natura l or delibcrate perturbation. 

2. 1.8. Factor affecting soil seed bank composition 

The composition of the seed bank depends on the plant communities appearing in a par­

ticular area both at the present moment and also in the past, as well as on the biological 

propert ies of plants (Perera, 2005). Recruitment by plants of available sites is driven ei­

ther by soil seed banks or by recently dispersed seed. Since seeds from nearby forest of­

tell reach the soil within tens of meters, soi l seed banks arc often the main detenninants 

of secondary vegetation composition. Composition and density of so il seed banks arc in­

fluenced by different fflctors related to human di sturbance. Fragmen tation of surrounding 

forest acting as seed sources al so reported ly affects seed availability on a given site. Ag­

ricultural practices have been shown to strongly afl(:ct so il seed banks (Grocnendijk, 

2005). Several factors, including longevity of viabi lity, secd predation, rate of se(.-d de­

composi tion, seed disseminat ion, animal manipulation of seed distribution (i .e. caching), 

and seed gelmination rates affect seed bank composition. These factors can be di vided 

into two categori es: seed bank input and seed bank losses (Duncan, 2008). Dormancy cx­

pression has a large infl uence on the rate of seeds exit ing thc s(.'Cd bank. Somc se(.'(ls may 

persist in the seed bank for long periods. As new seed is deposited each year, sc(.-ds begin 

to accumulate and thus increase the likelihood of successful regeneration of vegetat ion 

after disturbance and possibly increasing site resilience. Other seeds do not exhibi t dor­

mancy and therefore do not contributc to the seed bank. A seed bank dominated by seeds 

lacking donnancy requi res annual inputs to ma inta in site resili ence. Undcr ordinary con­

ditions (i .e. not having been recently disturbed and not experiencing extreme environ­

mental conditions such as drought), the most important input to the seed bank is the level 

of seed production from mature plants on sileo Abundant seed crops arc often related to 
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favorable weather condi tions (Duncan, 2008). Grazing in panicular influcnccs Ihe vegcla. 

li on and seed bank dynamics in a variety ways. Most importantly. grazing has direct er. 

fects on plant community and seed bank by reducing biomass and seed production (Sol. 

omon Tefera, 20 11). 

2. 1.9. Factors affecting seedling emergence from soil seed banks 

Genninati on is one of the most critical phases in plant development. Each plant species 

has a specific range of environmental requirements necessary for genllination. Environ. 

mental factors such as temperature, light, pH, and soi l moisture are known to affect seed 

genn inat io n. The burial depth of seed al so affects genn ination and seedl ing emergence 

(lu P.et aI. , 2006). Several biotic and abiotic factors affect the establishment. survi va l 

and growth of seed lings. Spatial di stribution of sC(.-dlings is affected by topography 

through its effect on drainage, moisture and nutrien t variation (Marno Kebede c / (/1 .. 

2012). 

Several internal and external factors prevent seeds germi nat ion. Among th e interna l fac· 

tors, some important arc: the presence of a seed coat, which is a barrier to the penetration 

of water and oxygen; presence of a biochemical inhibitor in the sc{..-d ; and immature cm· 

bryo. Among the external fac tors, the most cOlllmon arc soil water contcnt and tcmpcra· 

lUre (Chri stoftoleti & Caetano, 1998). 

Temperature affects seed genni nation in several ways. Three cardina l temperatures can 

be recognized for every species, namely the maximulll and minimum temperatures be· 

yond which genni nation is prevented and the optimum temperature, which a ll ows max i· 

mum gcnnination in the shortest time (Cheng et al., 20 12). 

2.1.10. Sampling methods used to study soil seed banks 

In most seed bank studi es, the sampl ing cost, the available resources (time, space, and 

labor), and the sampl ing tool have dictated an arb itrarily chosen but reasonab le sample 

size. The optimal sample size (total number of sampling units) requi red in seed bank 

studies has been investigated specifically. The gencral consensus is that n largc number of 
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small sampling units are more appropri ate than a small b f I I·· num cr 0 arge samp Ing unus 
(Benoit. 1989). 

Ecology. like other branches of science relics ul)Q1l sampling as a convenient method of 

studying floristi c composition of seeds buried in Ihe soi l as well as 10 those in the vegeta­

tion survey. Because of such a rcason, some knowledge of the tlll.'Ory of s.1rnpling is fun­

damental. The soil samples collecled to assess seeds in so il seed bank consider horizon­

tally and vertically in order to examine the variation in the depth and horizontal di stribu­

tion of seeds in the soil. Usually soil blocks are sam pled of a size, for instance of 15 em x 

J 5 em (Mulugeta Lcmcnih, 2004). When the soil samples arc collected the mai n prob­

lems are related to the heterogeneity present in the soil pro file (Chrisloffoleli & O let:1Il0, 

1998). To analyze verti cal variation of seeds in the soil seed banks the soil block is thell 

divided into several layers, fo r example: ( I) 0·3 em (0: soil sur/ace or litter layer), (2) 3.6 

em (3 ) 6·9 em; (1) and (2) are sometimes difficult to classify. In 1110stliteratures the so il 

block is divided into three or four layers wi th 3 cm thick particularly on studies made in 

Ethiopia (Abdella Mekonnen et al., 2007; Feyera Senbeta clal .. 2002). 

2.1.1 1. Methods to determine soil seed bank status 

The method of emergence of seedlings is simple and has the advan tage of the casy identi· 

ficat ion of the species; however, it requires space in the greenhouse or growth chamber 

and the results can be influenced by seed donnancy (Chrislof1oleti & Caetano, 1998). 

There arc various methods involved in detenllining soi l seed bank. The techniques thaI 

have been adopted by many authors arc seedling emergency method, the sieving and 

noat ing methods. In Ethiopia usually seedling emergency and sieving methods were lIsed 

for identification and isolation respectively (Mekuria Argaw el al .. 1999; Feyera Senbeta 

and Demel Teketay, 2001). In Seedling emergence method the samples arc spread in 

trays and kept under conditions known to promote the gcnnination of as many species 

and ind ividuals as possible. The samples are usually spread on top of sterile nutrients 

necessary for the emerged seedlings to grow, although this is not necessary if seedlings 

arc removed soon after genn ination. Sometimes the plants have to reach maturity or 

fl ower before they can be identifit..-'tl (Mekuria Argaw et al.. 1999). Unidentified seed li ngs 
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arc removed from the experimental trays, planted into separate pots and grown 10 flower­

ing so that they can be identified. Plants arc counted. identified and removed as soon as 

possible to prevent competition for light wi th new sl.'Cdlings. 

2.2. Natural Regeneration of Wood Species and Soil Seed Bank Siudies 
in Ethiopia 

A good understanding of natural regeneration in any plant community requires informa­

tion on the presence and absence of persistent soil seed banks or sl.'cdl ing banks, quantity 

and quality of seed rain, longevity of seeds in the soi l, losses of seeds to predat ion and 

deterioration, triggers for gennination of seeds in the soil and sources of regrowth aOer 

di sturbances (Demel Teketay, 2005). The Afromontane forests in Ethiopia ha ve experi­

enced severe deforestation, fragmentation, loss of biodiversi ty, and impoverishment of 

ecosystems. Few remnants moist Afromontanc forests in the centra l highlands of Eth io­

pia (Mamo Kebede el al. , 2012) is severely threatened by heavy anthropogenic distur­

bance and has declined from 16% of the catchment land base to 2.8% within the past 

three decades alone (Mama Kebede et al., 2012). n le frC<luency and severi ty of the ongo­

ing disturbance influences the species composition, demography and regenerat ive proc­

esses of a forest stand and when thi s di sturbance become ex.treme, it 1e.1ds to species di s­

appearance or heavy fragmentation that limits restoration possibi lities (Mulugcta Limcnih 

and Demel Teketay, 2006). Understanding regeneration 1lll.'Chanisllls is an important first­

step towards a successful implementation of forest rehabi litation as restoration of de­

graded tropical forestlands rely much on natural regeneration. Seed rain, soi l seed bank. 

seedling bank and coppices are the major sources of natural regeneration (Get3chew 

Tesfaye el al., 2010). While most species depend on persistent seedl ings (seedling bank 

strategy), many others utilize soi l seed bank regeneration mechanism. To determine the 

potentia l for adequate regeneration the existence of persistent so il seed banks or sCl.xi ling 

banks must be known (Demel Teketay, 2005). Several authors have studied regeneration 

and soil seed banks in Afromontane forests of Eth iopia (Mulugeta Limenih and Demel 

Tcketay, 2006). 
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In Ethiopia, studies that focused on soil seed banks and natural rcgcncration of wood spe­

cies were studied by different scholars including (Mckuri a e l 01 .. 1999; Fcycra Scnbcla 

and Demel Teketay, 200 1; Fcycra Senbcla & Demel Tckclay. 2002; Gctachcw Tcsfayc et 

01., 20 I 0; Demel Teketay, 2005; Mulugcta Lemcnih & Demcl Tekctay, 2006; Eyob Ten­

kir, 2006; Abdella Mekonnen et al., 2007; Hai leab Zcgcye ef al. , 2011 and Mamo Ke­

bede el (1/., 20 12). 

According to Getachew Tesfaye and hi s coworkers, regeneration is a centra l component 

of tropical forest ecosystem dynamics and restoration of degraded forcstl ands. Sustain­

able fo rest utili zation is only possible if adequate infonllatioll on the regeneration dynam­

ics and factors influencing important canopy tree species are avai lable. Tropical forests 

revea led variation in patterns of regen era lion both through diflcrences in their constitucnt 

spccies and the envi ronmental vari ables in which they grow. They regenerate from one 

or more pathways: seed rain (recently di spersed seeds), the soil seed bank (donnant seeds 

in the so il ), the seedling bank (established, suppressed seedl ings in the understorcy), and 

coppice (root/shoot sprouts of damaged indi viduals (Getachew Tesfaye el al., 20 10). 

2.2.1. Ellcalyptlls plantation and naturally regenerated woody species 

The presence or absence of understory vegetation in a plantation is a factor of density of 

the stand , the rai nfa ll regime and management than their origin (Mulugeta Lemenih el al., 

2004). Eucalyptus plantation fo rests can host richer sp<.'Cies and hi gher seedling/sapling 

densities than their adjacent disturbed natural forests (Eshet u Yirdaw, 2002). Even in the 

native forests of Australia, it is common to fi nd 20 to 30 species of shrubs under Elfcalyp­

I ItS plantations, and rather more in the early regeneration stages. Eucalyptus has also the 

potential in enhancing the recruitment, establ ishment, and successions of nat ive woody 

species (Feyera Senbeta et al., 2002; Mulugeta Lemenih and Demel Teketay. 2004). 

Therefore, Eucalyptlls can act as succession catalysts, faci litating the recolonization of 

nati ve flora through their influence on understory microcl imale and soil fertil ity, suppres­

sion of dominant grasses, and provision of habitats for seed di spersing an imals (Feyera 

Scnbeta and Demel Teketay, 200 1: Feyera Senbcta et 0/ .. 2002; Mu lugcta Lcmenih et 0/., 

2004). 
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Studies on the undergrowth of indigenous species, and their diversity in Ellcalypills plan­

tations in comparison with the adjecent natural forests were c..1rried out in Ethiopia (Fey. 

era Sen beta and Demel Teketay, 200 I; Feyera Scnbeta el (II" 2002; Mulugel3 Lemcnih CI 

al., 2004). Studied herbaceous plant richness in plantations of EucalYPllls and Pimls 

paw/a in comparison with the adjacent natural forests and the result ind icated that the 

species richness under plantations was as high as those of natural forests. In the regenera­

tion study of woody species under the canopies of tree plantations (I::. globl//lls, Pimls 

paw/a, P. radiata and JUlliperus procera) made by Feyera Scnbew and Demel Teketay 

(200 1), a total of 37 naturally regenerated indigenous woody species were record ed be­

neath all plantation stands, with densities ranging between 1,630 and 18,270 individuals 

per hectare. In the study of nali ve woody species regeneration in exotic tr(.'C plantations 

(£. g/oblilus. E. saligna. Pill/IS paluia and Cuprllses lusf(lIIica) at Munessa- Shahseillenc 

forest carried out by Feyera Senbeta el a/.. (2002), a toW I of 55 naturally regenerated 

woody species were recorded beneath all plantation stands with densities ranging be­

tween 2,300 and 18,650 individuals! hectare in different stands. The study also revealed 

that seedling populations were the most abundant components of the regeneration in most 

of tht! plantation stands, fonning 68% of the total regeneration count in all stands. Eshetu 

Yirdaw (2002) found greater abundance of naturally regenerated woody species under the 

exotic C. /usiflmic{J than the nati ve Juniperus procera stand in Et hiopia. The siudy al so 

indicated that the density of naturally regenerated woody plants in plantations was over 

three times the usual planting density in Ethiopia, indicating a high potential of fo rest 

plantations for restoring the natural forest ecosystems on degraded lands at a compara­

ti vely low cost. 

Study on the composition of ground vegetation in plantations of E. g/obullls. E. gralldis, 

E. saliglla. Pill/IS patu/a and the adjacent natural forest result indicated that there were no 

difTerences in the species composition of the ground vegetation of natural forests and 

plantations. Even the species richness, cover and biomass of their herbaceous nora did not 

differ (Fekadu Debushe, 2008). 
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CHAPTER THREE 

3. Materials and Method 

3.1. Site Description 

3.1.1. Geographical Location 

The study was conducted in the forest vegetation on Enlolo Mountain and along the road 

to Gohalsion (i.c., Addis Ababa - Gohatsion), on the Centra l plateau of Eth iopia. It cov­

ers an over all distance of about 186 km. 

Entolo Mountain is located about 10 km nonh from the center of Addis Ababa. Enloto is 

located betwccn latitudes go 04' to 9" 06' N and longitudes 38° 42' to 38" 46' E. The alti­

tude range of the afea is between 2680 m and 30 15 III a.s.1. The next study was conducted 

along the Addis Ababa to Gohatsion road which covers about 186 kill, and is found in 

northcm Shewa, in Oromia Regional Stale situated at latitude 9° 0 I' to 9° 54' N and lon­

gitude 38° 14' to 38° 52' E (Figure I). The altitude range of thi s study area is betwccn 

2400 and 3192 m a.s.1. and located in Shcwa plateau, Oromia Region (Figure 1). 
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Figure I: Map of Ethiopia sho" 'ing the stud)' a ru in the cenlral h" hlancb or Edl illpia ~-II .h ih Oromil 
Region 

3.1.2. Topography 

The study areas have two topographic landscapes. The first type, Ihc plain lands incl ud­

ing pastureland, agricultural fields and wetland. The second topographical landsC3l>C is 

hill top vegetation. As it was observed the land use is predominantly ag ricultural land 

whi le the rest a re hill top vegetation, cuhural landscape (church vegetation), Em:al>1J1us 

plantation, wetland and pastureland (Figure 2). 
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Figure 2: Topographic and land use type variation in thc study area: £ IICO/)1J1I1S 

plantation (A), agricultural land (8), degraded land (C), and paSlurciand (D) 

3.1.3. Geology and soil 

The pre-Cambrian rocks, which underlie the study area, consist mainly of a complex of 

metamorphic rocks of many different grades and types. Mesozoic rocks, mainl y sand­

stones and limestone, cover the pre-Cambrian rocks; they appear in study arca. The I)re­

cambrian contai ns a wide variety of sed imentary, volcanic and intrusive rocks, which 

have been metamorphosed to varying degrees. Igneous rocks al so constitute an important 

proport io n of the pre-Cambrian rocks. Volcanic activities during the Tert iary period re­

sulted in the extrusion of large quantities of flood lavas which now cover the Mesozoic 

rocks in most parts of the country. These lava flows occurred in a series o f layers to form 

what is now known as the Trap Series. Various rock types, including rhyolitcs, trachytes, 

tuffs, and ignimbrites, compose the Trap Series, whi le basalts are the components and 

they constitute the main rock type of the study site. The basa lts are uniform in composi-
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lion, both chemically and mineralogicall y, over the whole range of the high plateau, 
(Talmat Bekele, 1993). 

The younger geology of the study sites basicall y consists of Tert iary volcanic deposits 

formed from vo lcanic acti vity during the Cenozoic era (Fekadu Debushe, 2(08). The soi l 

catena (topo-sequence) of Entoto Mountain, for example, includes Nitisols at higher alii . 

lude and Cambisols in the midd le of the hill. Down the mountain. Vert iso ls have been 

formed from the finest erosion material tFekadu Debushc et al .. 2010). All these soils arc 

considered fertile. The color is blackish brown due to a hi gh content ofbasait , a rock type 

that generall y has a considerable weathering potential. Large areas show severe erosion 

where the soi l has been washed away and the bare bedrock is exposed. Sheep and catt le 

heavily graze the fo rest floor and their hoofs destroy the grass rools, which in comb ina· 

tion with heavy rain showers during thc rain scason and dry lopsoillhc rest of the year. 

leads to a high ri sk of increased erosion. 

The majority of the soils of the study area arc volcanic origin :mel characterized the lava 

plateaux by means of two principal soi l types originating from the disi nt egrating volcanic 

substrates intenninglcd with sand and limestone: the black and compact clays (Black soil) 

and redd ish·brown and heavy loams (Red soil). The red and brown soils and loams arc 

the Illost common soil s in the study site (Tam rat Bekcle. 1994). 

3.1.4. Cl imate 

The amount of rainfall varies considerably. Regional variation in rainfall in Ethiopia is 

mainly dctennincd by two factors, namely the direction of moisturc-bcaring seasol1 ol ai r 

currents and the elevation (Tamrat Bckele, \993). In addition, vari ation in topography is 

another factor that influences the amount of rain fa ll. Tamral Bekele recognized \4 rai n­

fall regimes for Ethiopia, wh ich can be grouped into two main types (Talllrat Bekc1e. 

\993). The di ffe rence between the two types is detCn11ined by the occurrence of rain 

th roughout the year (Type I) or whether there arc two rainy seasons (Type 2). Even 

though both types are represented in the study areas, Type 2 is specially considered the 

characteri stic of the study area, and recei ves an average onnual rainfall of 1122 10 1216 
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mOl as ind icated on Figure 3. The short rainy season extends from ovember 10 Febru. 

ary, and the long rainy season ranges from June to September. Mosl of Ihe ram comes In 

Ju ly and August. 

Ana lysis of the ten years meteorological data shows that the mean ann ualtempcrature of 

the study area varies from 13.2 to 19 °C ranging from mean minimum of 7.5 10 mean 

maxim um of25.9 °c temperature ranges as shown in Figure 3. The houesl month IS May 

(mean maximum temperature of 25.9 0q, while the coldest month is December (mean 

minimum temperature of7.5 0C). 
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Figure 3: Climadiagram of En toto and Gohatsion based on 10 years data (2001-2010) 

from EMS A, dry periods are dotted and wei periods are dark blue. 

3_1-5_ Population 

The majority of the population belongs to the Dromo Nation and predominantJy follows 

the Orthodox religion. The study sites pass through me VJOredas' listed in Table I having 

a population mentioned in the Table I (FORE Population Census Commiss ion 20 10). II 

can be seen that both sexes are comparable in number and about 21 % of the population 

are li ving in urban area and 79010 are Jiving in the rural area. The Ethnic group distnbu­

lions in the region are about 84% Oroma and 15% Amhara. The mother longue language 

is about 83% Afan Oromo and 17% Amarigna. In the Agricuhural plam much of the 

population depends on subsistence mi xed farming of both liveslock and agricuhural crop 
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production. There are also many households C I 'cd . II ' . . ngag In co cctmg and sellmg forcst 
products especially from Entota-mountain. 

Table 1 : Northern Shewa Zone population data 

woreda Population 
Male Female Total 

Sululta 64,516 64,484 129.000 
Wuchale 49,236 48,293 97,529 
Debcrc Libanos 23,35 1 21,828 45,179 
Girar Jarso 34,467 32,845 67,3 12 

Fiche 12,933 14,560 27,493 

Degcme 49,205 49,938 99, 143 

Kuyu 60,244 60,808 121,052 

Were Jarso 70,787 70,639 141,426 

3.1.6. Vegetation 

The study area belongs to tropical dry evergreen Afromontanc forest belt in the centra l 

highlands of Ethiopia (Tamrat Bckeie, 1993). Fonncriy, indigenous trees such as JWfipe­

rtlS procem , Olea ellropaea subsp. cllspidllla and PodocarpliS / aIC(lfIfIlS were dOlll i· 

nantlly-covering most of the area. Similar to other parts of Ethiopia, the natura l Jllll ipe­

rIIs-PodocarplIs-Olea forest which was once abundant all the study area rapid ly vanishc.:d 

due to an over exploitation of the indigenous trees (Fekadu Debushe, 2008). The rem­

nants of Juniperus procera and Olea ellropaea subsp. cllspidara trees in the area reflect 

elements of this vegetation. On steep slope areas woodland was compos(."<i of Ekebergia 

capensis, Myrsine a/ricana, Acacia abyssillica and some others, especially around Entoto 

Mountain (Fekadu Debushe et 01. , 201 0). 
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3.1.7. Farming system and cropping 

Subsistence farming that is based on a mi xed far ' f bo h . 
. '. mmg 0 t livestock and agricultural 

crop production. Agnculture In study area is dem' 1 I" 
o mant y Ivestock (mostly callie) produc-

tion system (Figure 4). Crop cultivation involves plow'"ng Ih fi Id " h " 
e Ie 5 WI! oxen-<invcn 

simple plows. Major crops grown in the area 3rc barl ey wheal L _- n pea d IT " I 
' , vt;.d , an Ie Wit 1 

twO harvests per year. Fertilizers used on the farm fi Id " h " " Ie 5 In I e area are dlammomum 
phosphate (OAP) in combination with urea. 

Figure 4: Mixed type offarming system in the study area 

3.2. Methods of Data Collection 

3.2.1. Sampling design 

A reconnaissance survey and data collection were made between September and Novem­

ber 2012. The reconnaissance survey was made to obtain an impression about the varia­

tion of the study area. The survey indicated that the study area comprises a mosaic ofdif· 

ferent land use types. On Entoto Mountain and along the Addis Ababa· Gohatsion road, 

cont ai ns Eucalyptus plantation forest, farmland, pastureland, hill lOP vegetation, cullural 

landscape (church vegetation) and wet land. The land use types found at different altitudes 

have different types and levels of di sturbances. Therefore, the selected area would give a 

chance to investigate SSB and natural regeneration potential, and to swdy the effects of 

the habitat type on SSB and natural regeneration. 
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3.2.2. Vegetation data collection and plant identi fica tion 

Vegetation data was collected to examine simi larity bctwcc'n ,bo I d :cd b k ' vc groum an sc an 
floras. A lotal of 49 quadrats, 28 in Entoto Mountain and 21 along the Addis Ab:tba • 

Gohatsion road, were analysed. The quadrat sizes established for all life rOml were 10 III 

X 10 m. In each quadrat all trees, shrubs and herbs were ident ified. TIle altitude of each 

quadrat was recorded by using GPS. The collected specimens of each species in the plol 

were numbered, pressed, and taken to the National Herbarium (ETH), Addis Ababa Uni. 

versity, for dryi ng, identifi cation and storage. 

Plant specimen identification and verification have been made by comparison with au. 

thcnt icated specimens housed at ETH. consulting experts, and referring to the Flora of 

Ethiopia and Eritrea. 

3.2.3. Sampling for natural regeneration of woody species 

In each plot, all of the naturall y regenerated woody speeics were identified and counted. 

When ident ifica tion proved difficult in the fie ld, collect ion and identification o f speci · 

mens were used fo llowing the same procedures mentioned above. Individual s were catc­

gori zed into three s ize groups fo llowing Feycra Scnbela and Demel Tcketay (2001). nle 

plants were categori zed as, seedling (height :5 1.0 111), sapli ng (height bcl\\een I and 3 Ill) 

and tree/shrub (height >3 m). The height (m) of seedlings and saplings wit hin the plot 

were measured using a meter-marked stick. 

3.2.4. Soil Seed Bank Analysis 

In order to investigate the composition and density, as well as the vertical distribut ion. o f 

the SSB in the different land use types, soi l samples were collcc\(,:d from sampling plols 

measuri ng 15 cm x 15 em (one at the center and the other four at the comers) and a verti­

cal depth of 9 centimeters in each sample quadrat. The di stance between consecutive 

plots within the seven transect line was 100 III along Entoto mountain spaced 200 III apart 

from each other, Along the Addi s Ababa - Gohatsion road, the sample plots were laid out 

at about 10 km intervals. Sample plots were laid on each side of the road on difTerenlland 
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use types including E/lcalyptus plantation, agricultural land. wet land, p3sturclands and 

cultural landscape (church vegetation). 

From each sample plot four layers consisting of the litter layer and three successively 

deeper mineral soil layers (each three centimeters thick) were carefully removL'd with a 

field kni fe and a spoon and placed separately (Figure 5 A and 13). 111e rationale for tak­

ing the soil samples at the three soil layers were to ex.amine if there was any variation in 

the depth distribution of seeds. A total of 84 soi l samples, including the litter layer, were 

collected from 28 sites at Entoto. Along the second study roule, 63 di ffe rent soi l layers, 

including litter, were taken from 21 sites. Thus, a total of 147 soil samples were taken 

from four soil layers, at three successive layers (0-3 em, 3-6 elll , and 6-9 em), and the li t­

ter layer. 

Soil samples from identical layers of the fi ve sub-plots were mi x.ed to foml composite 

samples in order to reduce heterogeneity within the quadrats. Later on. the composite 

samples were divided into three equal parts out ofwhieh one was randomly chosen as the 

working sample for the study. The soil samples were transferred to colton bags (Figure 5 

C) and transported to the glasshouse of the Department of Plant Biology and Biodiversity 

Management, Addis Ababa University. 
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Figure 5: Sample collection process, collecting the samples and keeping separately 
(A&B), Transfering to the cotton bag (e) 

31 



3.2.5. Glasshouse germination 

The seedling emergence experiments were pcrfonncd in a glasshouse at the Department 

of Plant Biology and Biodiversity Management, Addis Ababa Uni versity under average 

temperature and humidity of 24<-'C and 57.5%, rcspcclivcJy. 

In the glasshouse, each three em layer soil was spread in a labeled circular plastic tray. 

Prior to spreading, each sample was thoroughly mixed after removal of all twigs, roots 

and rhi zome fragments. To faci litate proper drainage of waler, the polS were pcrforalc.:d at 

the bottom. Samples were then watered with a misting nozzie every other day to initiate 

genninalion and subsequent seedlings were checked twi ce per day. 

The first seedlings in the glasshouse appeared one week after the stan of the gCnllination 

experiment. The emerging seedlings were collected, counted, pressed, dried, checked. 

and identi fied at the National Herbarium (ETH), Department of Plant Biology and Biodi­

versity Management, Addis Ababa University. Identifi ed seedling were recorded and 

di scarded. 

As soon as seedlings were identified to the specific level of classification feasible (spe­

cies) they were removed to reduce the possibility of gcnninalion suppression of other 

seeds due to competition. Some seed lings were left to grow to a certain size for case o f 

identification. Soil samples were stirred cont inuously to bring seeds \ocawd deeply in 

the soil samples to the surface thereby stimulating them to germinate. Digital informa­

tion (Photos) of the seedlings was taken to be included as a pictorial representat ion. The 

seedling emergence experiment was tenninated after seven months, (November 2012 to 

May 2013). 
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3.3. Data analyses 

To investigate the effect of habitat types and the potent"al [SSB d l Oan naturally rcgcm .. T.lI-
ing woody species, in terms ofspecics composition and dens't [II . 1 Y 0 nalura y regenerating 

wood species and SSB flora, the data WCf e analvzcd in the '011 ' S ' 
r " II oWing ways. pecK'S COIll -

position (number of species genninated per sample) and density of the SSB among the 

study site and between soil depths were compared using two-way anal ysis of Variance 

(A OVA). Similarities of SSB flora and above ground vcgclalion were also compared 

using Jaccard's Coefficient o[Similarity (JCS) (K.rebs, 1989). 

Where SJ = Jaccard similarity coefficcient 

a= number of species common to both quadrats/samplcs 

b= number of species in quadrat/sample I 

c= number of species in qudratlsamplc 2 

The density of seedslm2 was derived from the lotal number of seeds rccoven:d from the 

soil samples. On the other hand, to analYle the depth di stribution of seeds in each land 

use type, the number of seeds recovered in similar layers were combined and convened 

to provide the density of secds/m2 at that particular soil depth . One-way anal ysis of vari­

ance (ANOV A) through the use of SPSS/pc version 10 LSD tests were used to asscss the 

di fferences in density of seed bank between habitat types. Total naturally regenerating 

individuals are expressed as density per hectare. The Shannon-Wiener di versity index 

(H') and Shannon evenness index (Shanon, 1949) mentioned below were used to mcasure 

diversity of naturally regenerated woody species in the different land usc types. imilar­

ity index of understory regenerated woody species in the diffcrent land usc types was cal­

culated usi ng Jaccard's Coefficient ofSimiiarity (JC5) (Krebs 1989). 

Shannon-wiener index (H) ~ - 'IPi log. Pi 

Where . :=-...!.N~I~II~lI~b~er,::.o",>f~J'.'·I~'d".j\~,j~d,,:III~"~.o~>f;;.o~ll~e~sp!·; =ec:j:e.r~:M PI= 
Tot a I.n /lin ber .0/ .011 j ndividua I( olle.joresl.ollly ) 
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· _ (S - I) 
Species richness - LogN ' 

Where s= total number of species; N= total number of individ ual of all species 

/-I 
Evenness index = LogS 

Where H= Shannon Wiener diversity index; S = Total number of species 
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CHAPTER FOUR 

4. Results 

4.1. Description of the Habitat Types 

Based on visal observation, six major habitat types were identified in study the area. 

These are acronymed as EPF (Eucalyptlls plantation forest), HTV (Hil l top vegetation), 

F AL (Fannland), PAL (Pasture land), DEL (Degraded land) and WEL (Wetland). 

4.1.2. Species composition of soil seed banks 

A lotal of98 plant species representing 28 families were recovered from the liner and the 

top nine em soi l samples from the study area (Appendix 4). A full list of species :md 

their families and seed densities in seed bank at different land use type can be found in 

Appendix 3. Herbs were dominant and represented by 87 species (88.8%), while, shrubs 

and tree were represented by 10 species (10.2%) and climber I species (1 %). The sp(.'Cics 

composition in different land usc type ranged from 6 to 76 species; the highest number of 

species was recovered in the Ellcalyptlls plantation forest and the lowest in wetland (Ap­

pendix 3 and Figure 6). 

Out of the total number of species recorded 76 were from Ellcalypflls plantation forest, 34 

from hill top vegetation including cultural landscape (church vegetation), 22 frol11 faml 

land, 15 from pasture land, 15 from degraded land and six species were recovered frolll 

wetl and. Overall , only a few species of woody (shrub/tree) were recorded frolll Ihe soil 

samples collected from Eucalyptus plantation and hilltop vegetation, i.c. on ly 10 shrub 

tree were genninated from the collected soil sample. But the rcst habitatlypcs had no re­

covery of woody species at all (Appendix 3). 
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Figure 6: Number of species and their life forms recorded from SSB of the upper 9 em 
soi l depth collected from six habitat types; KEY: EPF - Eucalypills plantation 
forest , HTV- Hill top vegetation, FAL - Farmland PAL- Pasture land, DEL­
Degraded land and W AL- Wetland. 

4.1.3. Sim ilarity in species composition among land use types 

The similarity in species composition of the SSB between the six-land use types was gen­

erally low and ranged from JCS values of - 0.024 (between hill top vegetation and farm­

land) to 0.588 (between farmland and degraded land) (Table 2). 
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Table 2: Jaccarad 's coefficient of similarity in species co . . I" 
between the habitat types mposlt lon 0 sot! seed banks 

EPF HTV FAL PAL DEl WEl 
EPF 1 0.161 0.186 0.339 0.108 0.133 
HTV -0.024 0.425 0.149" 0.064 
FAl 0.166 0.588 0.226 
PAL 

0.233 0.085 

DEL 
0.236 

WEl 

The similarity between the SSB and aboveground flora was vel)' low (ranging from Sj 

values of 0.204 for Eucalyptlls plantation fo rest to 0.375 for degraded land (Table 3). On­

ly four woody species (Acacia melmlX)lloll. Laggera lomelllosa, So/antlm lI/argiflllllllll , 

Rubus ape/alus and Vernonia adoensis) were represented both in the aboveground vege­

tation and in SSB. Woody species that arc commonly fo und in the above ground flom, 

especially in Eucalyptus plantation and hill top vegetation W(''T'C not represented in the 

seed bank. For example, Ellcafyp llls g/obuJus, JUll iperus procera, Myrsille ajrical/o. £r. 

ico arOOra, Rosa abyssinica and Dovyafis abyssillica arc abundant spcci<.:s in the above 

ground flora but absent from the seed bank. 

Table 3: Jaccard's coefficient of Similarity between soil seed bank and above ground 
flora 

Habitat Common Species exclusively to Species exclusivel,)' Jacca rd similar· 

types Species above ground flora to soil seed bank ity 
Va lues 

EPF 19 44 30 0.204 

HTV 10 13 13 0.278 

FAL 7 10 6 0.304 

PAL 4 5 3 0.333 

DEL 3 4 1 0.375 

\VEL 1 1 1 0.333 
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4. 1.4. Seed bank density and habitat types 

seed bank density (number of seedling emerging from seed bank samples) ranged from 

3,911.1 54,844 m-2. All soi l layers and land use types exhibited various number of seed 

bank density. A total 0[245,688 m-
2 

seedlings were recorded, of which 154,844 m-2 were 

recorded from Eucalyptus plantation forest , 27,333 m'} from hill top vegetation, 19,822 

m'2 from farmland. 26,044 m'2 from pasture land, 13,733 m·2from degraded land and 

39 11 m" from wet land (Figure 7), 

" E 
"-
j'; 
'i 
c • 
~ 
~ • • ~ 

' 50000 

/ 
200000 

_ Hob 

. Tree 
,soooo Shurb 

. Chm~r 

' 00000 
• Total 

50000 

a 
EPF HTV FAL PAL DB. WEL T~ 

land use types 

. d their life form in different land uSC 
Figure 7: Seed density (seeds/m2) of Species an . • .. , ....... FAt' Farm L'lnd: PAL: . . HTY-Hili top ,-cgc ... JUn , . 

types; Key: EPF: Eucalyptus plantaUon, . 
Pasture land; DEL: Degraded land; WEL: Weiland. 

" d hill tOP vegetation when com-
Th ' ' E I I lantauon lorest an e density was larger In 'ucoryp liS P . 

The highest total densities of vIable seeds among 
pared to the remaining habitat types. 
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habi tat types were recorded in ElicalYPllls plantation forcst (154,841 m-2). while the 10\\­

est was recorded in the wetland (3.91Im-2). In fact, the contents or seed bank dcnslty 

vari ed from habitat to habitat (Figure 7). 

The sixteen species with the highest soi l seed densi ty contributed 67.7% of thc total es­

timated seed banks (Table 4 and Appendix 3). Where the mOSI abundant spt'Cics arc Ox­

alis radicosa. Eragrostis scllweinf urthii and Campallltia edlilis were recovered 58.6% in 

Eucalyptus plantation forest while the remaining 41.4% were contributed rrolll the othcr 

habitat types. In all habi tat types herbaceous spccies were dominant (Figurc 7 and Ap­

pendix 3). Cypel'lls pufchcffus, Galil/soga quadfiradirlla, 1i'ifolil llll pratel/sr, olltia 

abyssillica and Medicago polymorplJa have exhibctcd gemli nabil ity rrom alrnost all habi­

tate types. Those which genninated only in Eucalyptus plantation forest include SOlie/illS 

bipOlHilli , Solal/llm margillatum. RI/bus apetaills. Pellllistlllll penfllstaehYIIIII , Maim l'ert;­

ciliata. Galilllll simensis, Geranium ael/leo/alum, CYI/Og/OSIIIII sp. Crass II/a a/sil/oides, 

COII/melilla bClIghalensis, Bidens presti""ria, AI/Ihospermlllll herbllCC/lr1l and Alchemil/ll 

pedata. Similarl y, Buddleja polys(achya. Chenopodium a/bum, Dawl'O stramonium. Kal­

al/elloe petjtjalla, RaplrallLlS raplianistmnl. Solal/illm il/diclI'" and Ver"Ol/ill at/oe/lsis 

genninated only in hill top vegetation and COllyza stricta ami ulggrl'(l romel/tosa were 

recorded only in Eucalyptus plantation. 

The density of woody species was very low in thc soil collected at study sites. In a similar 

way. the total density of woody species genninated in the seed bank was originated from 

Eucalyptus plantation forest and hill top vegetation. The total list of seed bank nora by 

li fe fonn fo r each habitat type was given in Appendix 3. 
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Table 4: Soil Seed Density (seedslm2) of s h' . 
to hab itat types orne Ighes! seed density species in relation 

No 
Species EPF HTV FAL 1 Alcltemilla abyssinica PAL DEL WEL 

3.689 - 533 2 Alloleropsis semialala - - 71t 

3 Camf}{lllula edulis 
4.755 - - - t 067 

4 
14.489 - - t 867 Crassula alsilloides 6.089 

5 CyperliS pulchellus 
- - - - -

6 EragrostiS papposa 
4.977 578 1 t 55 1200 3333 -
6.667 3t 1 889 3 155 2667 7 Eragrostis sc!nveill(urlhii -

8 GalillsoRa Quadriradiata 
11,733 1.200 1.511 3.333 1.511 1 289 
4,489 4.933 4444 222 533 9 Geranium arabicllnl -

10 
7.289 889 - - - -Medicll?,o polvmorpha 800 1.644 355 400 1 911 11 Oxalis radicosa -

20.978 1 244 - - - -12 Persicaria sp. 7.333 - 2622 - - -13 Pscudo?,naphalium luteo-albllm 4.311 - 489 - -14 Trifolium pm/elise 
- . 

755 667 2044 2489 222 444 
15 Veronica persico 6.755 - - - - -16 Ero?,roslis sp. - - 3422 8489 - -

4.1.5. Vertical distribution of seed banks 

The density of seeds in the soil showed simi lar vertical di stribution in all land lISC types. 

The highest densities of seeds were collected from the upper three centimeters of soi l, 

gradually decreasing with increasing depth (Figure 9 and Appendix 4). 

There was variation in the depth di stribution pattern of s(:eds among different plant SI>C· 

cics. In almost all samples, the litter layers had lower number of spt'Cics and seed dcnsity 

compared with that in the top three centimeter layer (Figure 8). For instancc. s(:(.'ds of 

some species were recovered only from the upper three centimeter soil layers, e.g. A/· 

chell/ilia p edata, Anlhemis /igrecnsis. CopseI/o bursa-pas/oris. Cardl/us /ep((lcamhus. 

Ceras/iull1 oClalldmm, Commelilla bellghofellsis. Cy llogfoSll1ll sp. Geranium acu/eolmum. 

Ka/auchoe peliliana, Laggera /omentosa, Ma/l'O l 'el'lieil/lIlll . SOlie/illS asper. Sane/ills bi­

pomi"i. Cay/usea abyssillica, Sa/via nilo/iea. 50/01111111 marg;'w/wlI . Snlllreja p l/flclata 
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Total 

4933 
5,m822 
16356 
6089 

11 243 
1 t 289 
20577 
14621 
8044 
5 itO 

22 222 
9955 
4 800 
6621 
6755 

11 911 



pOlltini. Cay/usea abyssillica, Salvia lIi/o/iea. Solallltm marginalllm, Soumya plll/ClO1a 

and Rapilanlls raphanislrllm. Likewise Astero/illofl adoellse, Trifolium sellimperl, Ilaplo­

carpha schimperi and Vernollia adoellsis had their seeds distributed in the deeper (6·9 

cm) soil layers. On the other side Acacia melallxyloll, Alchemilla abys:mllca, Allo/cropsls 

scmialata. Anagallis arvensis. Campalll/fa edu/is. COl/yza stricta, COfllla abysslllica. 

CrasslI/a alsinoides, Crepis rlleppellii. Cyperlls pulchellus. /Je/o.\"perma abyssimca, Era· 

groslis papposa, Eragrostis schweillflirthU. Galillsoga quadriradiala, Mcd,cago poly­

morpha, Dxatis radicosa. Pselldog1laphatillm IlIleo-alhllm. Polygollillm flc/xllend.\" and 

Persicaria sp. had almost uniform depth distribution. 
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Figure 8: Vertical distribution of seeds 
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4.2. Compositions a nd Density of Seedlings and Saplings 
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The status of regeneration in the study area indicates composition and density o f seedl ­

ings and saplings. The total number of naturally regenerating species recorded in Emoto 

Mou ntain and along the Addis Ababa to Gohatsion road were 25, representing 20 fami ­

lies, of whi ch 52% were trees, 40010 shrubs and 8% climbers. 

The density o f understory regenerated woody species was variable among the various ha­

bitat types and species. The four species with the highest densities in 1:'l lcalypllls planta­

tion were Rosa abyssinica, JUlJiperus procera, Myrsine africa/Ill and /)oi-)'olis ahyss",,­

ca. The species (Carissa spinarum, Bersama abyssillica, May/emls arbillifolia, Rosa ah­

yssinica, Maesa lanceo/ata, Myrs;ne africana, Jlllliperlls procef(l, Erica arborea, I?lIblls 

ape/alus alld Dovyalis abyssillica) were widely distributed in the £uCO/yplUs plantation 

forest than in hi ll top vegetation. On the other side Olea ellropaea, Prill illS africalla. Ver­

nonia amygda/ina and LAggera lomenlosa were al so widely distributed in the hill top 

42 



top vegetation and cultural landscape (church vegetation). In fannland, paslure land, de­

graded land and wetland no naturally regenerated woody species were recorded. 

The 21 species were represented in the seedling class; their total density was 3.024.49 

indi viduals ha·
l
. The sapl ing was composed of 20 spt'Cies; their 10lal density \, as 

3,587.75 individuals ha·
l
. The ratio of seedlings to Illature tre shrub (1 .29: I) and sccc:i· 

lings to sapli ngs (0.84: I) and saplings to mature tree'shrub (1 .53: I) showed the distribu­

ti on of more sapling population than that of seedling and mature tre shrub. onservation 

of thi s plantation site is not only restoring woody species but also rehabi litating the de­

graded land and allowing gennination and successful growth of s(:edl ing5 to mature indi­

viduals. 

Shannon-Wiener di versity index, species richness, and speciL'S evenness, under Ihe EuclI­

Iyptlls plantation and hill top vegetation showed variation (Table 5). £lIc(lIYfJIlIS pl:ult fl ­

tion exhibited relatively the highest mean values of Shannon species diversity (2,48), 

species ri chness (42) and evenness (O.65J), while the hill top vegetation exhibi ted the 

lowest mean values of Shannon species di versity (2.34). species richness (40) and even­

ness (0.6 J9). These results indicate that £lIclllpfllS plantation harbors larger number of 

species than the hill top vegetation. For the other habitat types, no seedling or sapling 

were recorded. 

Table 5: Shannon-Wiener diversity index (H'), species richness and species evenness, 
under Eucalyptus plantation and hill lOP vegetation 

Uabilat Type Shannon Index species richness Evenness IE) 

(H' (5' 

EPF 2.48 42 0.651 

HTV 2.34 40 0.619 
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4.2.1. Similarity in species composition of seed ling and sapling 
between different land use types 

The similarity in species composition of the natural regeneration between the land usc 

types ranged from Sj values oro (between Farmland, pastureJand, degraded land, weiland 

and Ellcalypllls plantat ion forest, hi ll top vegetation) to 0.60 (between Ellcal)'{JIUS planta­

tion forest and hill top vegetation). 

4.2.2. Height class distribution of naturally regenerat ing woody species 

Patterns of heigbt class distribution of seedlings, sapli ngs and mature individuals vari ed 

from species to species (Figure 10). Height class distribution of five representative spe­

cies of the study area was grouped into two categories: 

1) Species having the lowest proportion of individuals in the lower class wh ile the highest 

proport ion of individuals in the middle class and then decreasing towards Ihe higher 

class. HOf{el1ia abyssinica has missed the seedling group. The other species included in 

this group are Olea ellropaea and Prllnlls a/rical/a. 

2) In the second category, the species having the highest proportion of individuals in the 

lower class and then decreasing towards the higher class. Species in thi s group include 

Juniperus procera and Dovyalis ahyssinica. 

r Olea europac. 
Hagenia abyssinica 
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Figure 10: Number of individuals of selected five woody species per hectare in each 
height class category: (Height class category: 1= S 1 m: 2"" 1·3 111 : 3- ~ :J m.) 

The less seedling population compared to that of sapling population implying the dcsluc-­

tion of most seedlings before reaching sapling stage, because of human di slUrbance, such 

as co ll ection o f fi rewood (Figure I I), animal grazing, farming, and other activities reduc· 

es signifi cantly the regenerating process in Eilcalyptus plantation forest , especially in En· 

1010 Mountain. 
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Figure 11 : Human disturbance for the regeneration process in the £lIcaJ)1J1IlS 
plantation forest 
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CHAPTER FIVE 

5. DISCUSSIONS 

5.1. Soil Seed Banks and Natural Regeneration Status 

The seed banks were dominated by herbaceous species in the study area, while woody 

species had very low or no seeds in the soil samples. Most of the seed banks under the 

different habi tat types were characterized by high proportions of herbs (about 87.8%) 

whi le woody plants dominated the aboveground flora recorded. Wang el 01., (2009). Stat ­

ed that the high density of herbaceous seeds in the seed bank may be related to species 

traits. The similarity between the seed bank and aboveground flora was very low. 

Moreover, there are more herbaceous seeds in the upper soil layer than in the lower soil 

layer. This pattern may he attributed to seed size and the VCrtiC.11 movement of seeds. 

Several studies have supported the lack of similarity in spccies composition between the 

seed in the soil and the aboveground vegetation (Feyera Senbeta & Demel Teketay, 2001; 

Abdella Mckonnen el al., 2007, Mekuria Argaw el aI. , 1999; Kebrolll Teklc and Tcsraye 

Bekele, 2000; Tefera Mengistu el.al ., 2005; and Alemayehu Wassie and Dcmel Tekclity. 

2006). Abundance of species in standing vegetation had predictive value for abundance 

in the persistence seed bank. At the local scale the present study indicated Ihal the persis· 

tant seed bank and standing vegetation have exhibited low compositional similarit y. 

Also down·s]ope dispersal promoted by frost heaving in combi nation with runofT(El1toto 

Mountain) could be possib le factors accounting for poor corroespondence betwccn the 

density of persistant seed bank and the standing vegetation (Abdella lekonncn el al., 

2007). 

Alemaychu Wassie, (2007), reported that correlations between aboveground \'cgeUltion 

and the seed bank composition have usually been found to be weak and this is often 3S­

cribed to disturbance, with closer rel ationships found fo r more stable comlllunities. ev· 

ertheless, even in plant communities with a long history of stable species composit ion 

especially in cultural land scape (church vegetation), it is well known that many species 
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Present in the aboveground vegetation may be absent from tile seed b k fi cd b an . as con Inn y 
Godefroid (2006). Some other species, although present in tile above d . groUil vegetallon, 
lack viable seeds, which are observable after green house experiment. II could be argued 

that these species may have nonviable seeds in the sampled soil ahhough the soil samples 

were not subjectd to sieving (Abdella Mckonnen et al., 2007) . 

Generally, the observed low representation of the standing vegetation by the seed bank 

could be attributed to conitnious fann ing, erosion, human disturbance and grazing induc­

ing lack of seed reserve for vegetation to respond fo llowing a favorable cond ition. One of 

the main probable reason for the disparity between aboveground vegetat ion and soil seed 

bank fl ora, Eyob Tenkir, (2006), explain that seeds of the woody plant species which arc 

found in the above ground flora germinate immediately with in a few days after dispcrs.11 

(have transien t seeds) therefore they can't store sceds for long period oftim c in the soil as 

herbaceous plant. So that, many woody species in dry Afromon tane forests gcnninatc 

within a few days or weeks after dispersal. Howevcr. composition of seed bank record('''(1 

resembled the aboveground vegetation in few cases; for example, Acacia melmu),lolI. 

Rubus apera/lIs, Achyranrhes aspera, Alchemilla abyssillica. Da/llra s/I'llmollillln. Galin. 

soga qlludriradiata and Solanum margillatllm are an indicator species for the study SilCS, 

In the present study, herbaceous species constituted the most prevalent life fomls elllers· 

ing from various land use types, Their predominance in seed banks can be explained by a 

combination of several factors. These herbaceous plants generally which arc less likel y 10 

be predated on, or damaged by microorganisms than large seeds of perennial trce specics. 

Seed size may be another factor responsible for the scarcity of many aboveground species 

in the seed banks because seed size and seed longevity are oftcn negat ively correlated , 

(Wang el al., 2009). 

H b . . h . ed through t,'me because of their abi lity to resist several er aCIOus species ave SurVIV 
. . d I t lperature dry and humid envi· adverse climatic conditions, toleratmg high an owen • 

I T k tay 2005) The fundamental point ronment and vari ation in oxygen supply (Deme e e . . 
. . . I' the'r persistence capaci ty in certain areas, 
III the success of herbacious species survtva IS 1 

, b f small seeds produced, long tenn vi· 
ThiS capacity is a consequence of a !,Jfeat num er 0 
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abi lity, conti nuous genninati on, phenotypic and genetic plasticity (ChriS10fToicli & 

Caetano 1998). The conclusion from this study was thallhc s cd b k " 
C an s usua ll y contam a 

high proportion of herbaceous species, which depend on Ih . 
C persistent seed bank as pan 

of their opportunistic strategy. 

With continuous fann ing, along the road to Gohatsion the proport"o f i b ' , . I n 0 leT accous lor. 

cst species declines and the seeds of weedy species such as Galillsog qll(UJr iradillta, 

which are favored by continuous cultivation, increase rapidly in the soil . As the culti va­

tion progresses, the composition and density of the seed bank stan to change graduall y. 

The change is morc pronounced in the woody component of the seed bank as evidenced 

almost from the absence of woody species in the fannland, pasturcJand degraded land and 

wetland. Very few multipurpose trees are left on fanns. Since these Ire(.'S arc cleared from 

time to lime, their reproductive capacity is greatly reduced. Even if they produce seeds. 

which cventually genninate, the seedlings arc removed regul arly due to cont inuOliS 

fa rming. Consequentl y, herbs, including grasses, would dominate the soil seed ba nk 

since many herbs grow and reproduce quickly from seeds. 

There fore, the woody species representation in the s(''(,'(1 bank or ad vance regeneration is 

usuall y low or totall y absent. On the other hand, seeds of the woody species lIlay genlli­

nate soon after dispersal or may be affected by pathogens and predat ion agents and as a 

result few such species were represented in the seed bank. The residence time s(."(:ds of 

woody species in the soil are relatively short compared with those of herbaceous species. 

which arc capable of maintaining their viability for a long ti me. Those se<..'ds. which do 

not genninate are consumed by predators or succumb to attack by microorganisms. Many 

of them are also capable of re-sprouting from damaged stems or roots. Although th(. ... e arc 

a few exceptions, most of the woody components of the fo rest vegetation lack rcserves of 

long-li ved seeds in the soil. Seeds of several woody species are large and contain hig,h 

moisture, indicative of adaptations to immediate gennination and seedling establishment 

and survival under the canopy of forests (Demel Teketay, 2005). Seed bank resu lts al so 

indicated that viable seeds of native woody species are generally rare in some habitat 

(Eucalyptus plantation and hill top vegetation) while it is totally absent in the seed bank 

of the other habitats. 
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Therefore, the sources of regrowth of woody species a 1 II d 
rc ota Y {,"(X.Tldcnt on the pres-

ence of the whole or a portion of the forest vegetation wi lh ,n'l "d' 'd I ' 
• UTe In IVI ua !:. SIIlCC the 

Probabili ty of long-distance dispersal ofmosl woody species ,'s ve I d h I 
ry ow uc to I C Mgc 

size of their seeds. In the event of di sturbance herbaceous spec' • 
, lCS can regenerate Irom 

both the soil seed bank or from recently dispersed seeds wh,'le Ihe II'ood ' Y speclcs regen-
erate from pre-existing seedlings, coppice shoots or from recently dispersed scods. 

Tropical dry evergreen Afromontane fo rests accumulate large quantities of pcrsislcnI 

seeds of herbaceous species in the soil that is confinncd by this study. I)rcvious r<.'Scarch 

has shown that existence and persistence of seeds in the soils arc partially innucnc(.'(1 by 

seed production and intrinsic attributes of seeds (Luzuriaga et al ., 2005). The accumula­

tion of seeds in the soil is favored by the domlancy of many of the sc(:1Is, whieh is cllllscd 

by ei ther the presence of embryo donnancy or impcnncablc seed coat or hoth (A le­

mayehu Wassie, 2007). Dormancy is selected for in most of tropica l dry evergreen 

Afromontane species, which are characterized by long dry seasons and unrel iable rainy 

periods (Demel Teketay, 2005). In non-donnant seeds, donnaney is induced if the sC<.-ds 

are dispersed under dense canopy or buried in the soil. 

Natural disturbances and human exploitation, sueh as careful selecti ve CUlling. may pro­

mote regeneration of the Eucalyptlls globllllls. However, excessive exploilrltiol1 of spe­

cies or clearing and conversion of the forest areas into pennancnt cultivation will el imi­

nate or reduce the seed reserve and seedling populations. Especially along the Addis Ab­

aba to Gohatstion road (farm land, pasture land, degraded land and wei land habitat 

types) the seed bank contains no woody species. This may be due to clearing (If the for­

ests followed by permanent cultivation, or there was no forest in the past. 

Th ' . . . f h cd banks ,'n each habitat genL11llly del)Cnd C Sp CCICS composlllon and denSIty 0 le se • 

on the history of the sites. The factors that are responsi ble for the disparity in densiti es of 

, " h ' 'ght be related to species troits. or elwi-seeds and composition of speelCs wlthrn t e site ml I 

ronmental factors. In fact it requires further detail investigat ion. 
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It was observed that seed bank was concentrated on the 'II 
upper SOl aycr (0-3 em) for mOSI 

of the species in the study, Overall species and seed numb I · crs were ower In the lower 
layers than in the upper layer. With increasing soil deplh Ih ced d· . • e S enslly and liS spe-
cies compost ion declined. This is consistent with what has b ' d · h . cen 10un In ot cr studlcs 

(Chaidetlou el 0/. , 2011 ; Godefroid el al., 2006· Demel Tekelay '005· Abd II M k ' , - • cae on-
nen el 0/. , 2007; Anderson el 01, 2012; Tessema el al., 2012). 

The number of species represented in the seed banks collected from EllcalYPIIIS planta­

tion forest and hill top vegetation was relatively high while it is low in the olher land usc 

types. Similarly, seed bank densities in the soil samples from Enlolo EllcalyptliS planta­

tion forest were higher than that of the other land use types. In general, our results pro­

vide furth er evidence that consolidates the conclusions of previous studies 011 SSB in 

Ethiopia. 

Our result imply that the herbaceous flora has a better chance of natural recovery in the 

event of disturbances owing to the diverse seed banks while the regeneration of woody 

species, trees and shrubs, would be prevented by removal of mature individuals and their 

seedlings on the different habitats since most of them lack seed reserves in the soil. The 

previous research has shown that future existence of the woody flora characteristi c of 

tropical dry evergreen Afromontane areas in Ethiopia depends on the conservation and 

sustainable utilization of the few remnant natural forests (Feyera Senbcta & Demel Te­

kelay. 2002). 

One of the main objectives of this study was to evaluate the potential of natural regenera­

tion status in different land use types. The result showed difference between the floristic 

composition of the mature stand and the seed bank species. There were seedlings and/or 

saplings that were not counter represented by mature woody species. The result indicatcs 

high density of sapling than seedling. Seedlings are more attacked by environmental 

h . . . II h I I s of seedling establi shment . Ac­azards and bIOtic factors espccta y at t e ear y sage 

cording to Demel Teketay, (1997), the main causes of seedling mortal ity include erosion. 

. . . fl such as herbivory disease and 
shade, drought, human disturbances, and biOtiC 10 ucnccs ' 

SOon. 
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The composition, distribution and density of seedlings and I> > d> sap mgs In lcatc the future 
status of the study sites. The absence of seed banks and seedl> Ings, removal of malure 

trees as well as their stumps and roots coupled with poor long distance dispersal will have 

severe consequences on the regeneration of the woody vegetatl>on Th> > I> h I . IS Imp leg t :u IIC 

future existence of tropical dry evergreen Afromontane forests depends on the protcction 

and conservation of the remaining patches of fo rests (Demel Tcketay, 2(05). Therefore, 

further studies and continuous monitoring of the natural regeneration and the soil seed 

bank in the Eucalyptus plantation and along the Add is Ababab to Gohatsion road is re­

quired. 

Previous studies have shown that the presence or absence of understory vcgc:tation in a 

plantation is a factor of density of the stand, the rainfall regime and manag(:mcnt than 

their origin. EucalypllIs plantations have been shown to foster or catalyze regeneration of 

native species when they are planted close to seed sources and protected from human and 

animal disturbances, thereby contributing to rehabilitation of degraded lands and increas­

ing biodiversity. Also the less dense stands of Eucalyptlls globuills harbors more regener­

ated plant species than the high dense stands of Ellcalypllls globll/lls. Infac! human di s­

turbance, such as co llection of firewood, animal grazing, fanning, and other :Iclivilies re­

duces significantly the regeneratin process in Eucalypws plantation fo rest. '11crelorc. 

Eucalyptus can act as succession catalysts, facil itating the recolonization of native nom 

through their influence on understory microclimate and soil fertilit y (Fekadu Dcbushc, 

2008; Fekadu Debushe et al., 20 10; Mulugeta Lemenih et al., 2004). This is in agrecment 

with our find ings. 

The density of understory regenerated woody plants was variable among the various 

habitat types and species. The heighest number of species and density of seedling and 

sapling were widely distributed in the Eucalyptus plantation forest and in hill top vcgeta­

tion. A study made by Fekadu Debushe, (2008) clearly demonstrated, provided that there 

. . . . . h f' t plantations can hclp not only to IS a seed source in the VICIll1ty, estabhs ment 0 lares 
> h b>l> d ded lands and to conserve soil proVide wood for various purposes, to re a I Itate egra 

and water but also to foster or catalyze natural regeneration of native woody species 

thereby enhancing biodiversity. In agreement with thi s notion, Mulugcta LClllenih (2004) 
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demonstrated the effect of canopy COver and undersory en . f . 
Vlronmcnt 0 tree plantatIons 

on undergrowth species richness, and concluded that stands of I · .. 
p notallon Specl CS with 

open canopies could enhance more native woody recolonization than stands with dense 

canopies as in Enloto Eucalyptus plantation forest. In fact , other site factors such as pho-

tosynthetically active radiation (PAR) reaching fo rest noor could ha b . I · , vc a su Slantia 1111-

pact on ground flora regeneration and recolonization in forest pl antations. 

Famlland, pastureland, degraded land and wetland habitat types have no rcgcncmt ion of 

woody species were recorded. The probable rcason for this result may be the disturbance 

caused by domestic animals, soil ero~ion , and contin uous fanning or it might be totally 

Ihe absence of any forest at the past. Even if there were seeds of woody specics such en­

vironmental factors as high temperature and direct solar radiation on the bare soils of the 

habitats that may induce rapid loss of seed viabil ity and consequently reduce woody spe­

cies composition in the above listed habitats, which arc in consistent with (Mulugcla 

Lcmenih & Demel Teketay, 2006). Furthennore, genninating seeds of the woody stx'.'ci cs 

on the farm fields either from the SSB and/or newly dispersed seeds are continuously re­

moved during site preparation and successive weeding. 

The Eucalyptus plantation is characterized by high density of naturally regeneratcd 

woody species. Thus, the naturally regenerated woody specics are in a good state of re­

generation. Myrsine africana, Juniperus procera and Rosa abyssinica are speck'S with 

the highest density of naturally regenerating woody plants than the remain ing woody spe­

cies in Elicalypllls plantation forests that is also consistent with the rcporwd data (Fckadu 

Debushc. 2008). The probable reason for high density of Myrsille ajriclUw and Rosa 

abyssinica may be due to their resistance to browsing by wild or domcstic animals. 

These species are al so of very low household use and these have low commercial de­

mand. 

It is very interesting to note that the highest number of naturall y regenerated woody spe­

cies (25 species) was recorded under the EucafypllIs plantation rather than from the hill 

h h , ·tation) In addition. the density 
lOp vegetation including cultural landscape (c urc vege . 
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of naturally regenerated woody species under the Elicalyptus plantation was the highcsl. 

These findings provide preliminary evidence against the assertion th tEl ! a Ilea yptlls P 3ma· 
tion forest does not allow the regeneration of other plants under \'ts c ' cd anopy as con lIOn 

by Feyera Sen beta & Deme! Teketay (200!), Our resuit sho\vc,! that s -cd b k d c an 5 an nalu· 
ral regeneration status are better indicators for natural regeneration, which can provide 

important reference for ecological restoration globally as staled by Cheng (2012). 

5.2. Conclusion and Recommendations 

The seed banks were highly heterogeneous. Species composition of the parent vegeta tion, 

the fru iting season and seed di spersal patterns affect the spatial heterogeneity of the S B. 

The study showed that different habitat types have variations on seeds buried in the soil 

and natural regeneration potential. Generally, the seed bank study indicated that from En­

toto-mountain and along the Addis Ababa - Gohatsion road possesses large populations 

of buried seeds of herbaceous species. On the other hand, trees and shrub species have 

very low viable seeds in the soil. Especially fannland, paturcland, degraded land and wet­

land habitat types have no regeneration of woody species were recorded. The composi­

tion and dens ity ofSSB in the study site show variation in difTcrcnt land use types. High 

seed density and composition were recorded in the Ellcalypills plantation fOf( . .'st. 

Our results showed that clearance of tropical dry evergreen Afromontane natural fo rcst 

followed by subsequent cropping alters the composition and density of viable s(..'C(ls in 

SSB. Deforestation fo llowed by subsequent cultivation resulted in a more or less COIl­

tinuous exhaustion of seeds of woody species from the SSB. This shows that deforesta­

tion, driven mainly by the need for more land for pemlancnt agriculture, is a threat to the 

di versity of the tropical dry Afromontane forest in the highlands of Ethiopia, not only 

through direct removal of the aboveground forest vegetation but also through b'fadual ex­

haustion of viable seed reserves of the woody species in the SSB. 

Since fresh dispersal of seeds will be needed for the restoration of nati ve w()(Kly SIX:cies 
" h ' d pcrate need for urgent in terven-

on abandoned agricultural sites 111 the future, t ere IS a es 
. .' nls which could prevent or 

tions, backed by appropriate policy and legIslation JOstrumc • 
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reduce deforestation and enhance development conservat,"on and S I " hi "I" " , us ama c uti Izntlon 
of the remnant tropical dry evergreen Afromontane forcsts Furthem,o' I " . re, luture p anmng 
tor rapid fores t vegetation restoration on degraded abandoned fann fields should be de-

signed based on strategies that include measures other than rel ying only on SSB. This 

research result describes full picture of the interaction between Eucalyptus plantations 

and naturally regenerated woody species. Therefore, to conserve naturally rcgcnermed 

woody species in Eucalyptus plantations appropriate management strategy is vital. In si tu 

and ex situ conservation methods have to be employed for the conservation of species 

having low importance value index and poor regeneration status. 

In order to mitigate the shortage of land and prevent fannland expansion, there is a need 

to introduce modem agroforestry system. It is also necessary to encourage tree plant ing in 

homesteads, fannlands and churchyards through supply of seedlings of indigenous and 

appropriate exot ic species or establ ishment of a nursery in order to reduce the pressure on 

the natural vegetation. Efforts should be made to provide and encourage the local com­

muni ty to use energy saving stoves to reduce thc dependency on the natural vegetation 

for fueJwood that contributed by in large to human disturbance. To prevent soil erosion 

and maintain the vegetation, it is important to encourage the maintenance of the terraces 

through mobilizing the local people and providing appropriate incentives. 
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Appendix I: Data of geographical positions and altitudes of each sample plot 

Plot No Geographical positions Altitudes (m) 

1 09 01.18N; 03814 .39E 2476 

2 09 01.27N; 03814.46E 2467 

3 09 54.52N; 038 20.57E 2605 

4 09 49.51 N; 038 23.95E 2572 

5 09 49.41 N; 038 23.84E 2560 

6 09 46.40N; 038 27.90E 2625 

7 09 48.55N; 038 33.31E 3192 

8 09 48.79N; 038 33.57E 3101 

9 09 48.79N; 038 36.91 E 3118 

10 09 48.52N; 038 36.95E 3072 

11 09 47.33N; 038 41 .21E 3054 

12 09 42.72N; 038 50.72E 2405 

13 09 42.72N; 038 50.72E 2400 

14 09 38.80N; 038 50.64E 2655 

15 09 32.73N; 038 52.08E 2682 

16 0927.64N; 038 52.78E 2578 

17 0937.34N; 038 50.10E 2636 

18 0918.34N; 03845.10E 2626 

19 09 17.13N; 038 46.66E 2730 

20 09 16.99N; 038 46.64E 2750 

21 09 16.97N; 038 46.63E 2778 

22 09 06.32n; 038 42.67E 2765 

23 09 06.32N; 038 42.67E 2765 

24 09 04.6 1N; 038 46.43E 2620 

25 09 04.66N; 038 46.35E 2880 

26 09 04.77N; 038 46.27E 2766 

27 09 05.10N; 038 46.29E 2800 

28 09 05.35N; 038 46.38E 2852 

29 09 05.46N; 038 46.15E 2912 
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Cont'd ... 
30 09 05.71N; 038 46.13E 2962 
31 09 05.62N; 038 45.93E 2990 
32 09 06.20N; 038 43.64E 2746 

33 09 05.97N; 038 43.68E 2783 

34 09 05.73N; 038 43.82E 2830 

35 09 05.47N; 038 43.89E 2870 

36 09 05.46N; 038 43.75E 2894 

37 09 05.33N; 038 43.71E 2945 

38 09 05.69N; 038 43.75 E 2830 

39 09 05.46N; 038 43.77E 2880 

40 09 05.27N; 038 43.64E 2926 

41 09 05.30N; 038 43.96E 2876 

42 09 05.26N; 038 44.18E 2936 

43 09 05.38N; 038 45.11E 3015 

44 09 05.68N; 038 42.85E 2760 

45 09 05.64N; 038 42.85E 2788 

46 09 05.52N; 038 42.78E 2787 

47 09 05.58N; 038 42.73E 2824 

48 09 05.40N; 038 42.65E 2854 

49 09 05.25N; 038 42.86E 2900 
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Appendix 2: List of plant species colleccted from the study area 

Soccies name Familv Local Name Li re fonn Acacia abyssinica Hochsl. ex Benth. Fabeaceae Tree Acacia me/al1.xy/oll R. Br. Fabaeeae Tree Acanthus OllsescellS (Oliv.) Eng!. Aeanthaccac I Sokoru I Shrub Achyrallllles llspera L. 
Amaranthaecac Herb Alcllemil/a abyssinica Fresen. Rosaceae lI erb Aliaailvills abyssillica lHochst.)Radlkofer Sapindaeeae Tatcsa Tree ArJlemOlle mexicana L. Paoaveraecae Herb Asoaraf!lls a(ricanus Lam. Asnara1!aceac Serit Shrub Barbeva oleoides Sehweinf. Barbevaecae Tree Bersama abyssinica Fresen Mclianthaeeae Azamir Tree Bidells bitemata (Lour.) Merr. & SherR Asteraceae Herb 

Bidens lI/acrolJlera (Sch.·Bip.ex ChiovT Asteraceae Kelo Herb CMsel/a bllrsa-pastaris (L.) Medic. Brassicaccae Herb 
Carduus /eptacantllllS Fresen. Astcraceae Herb 
Carissa soil/arum L. Apocvnaccac A'am Shrub 
Cirsium schimoeri (Vatke) Cuf. Asteraccac Herb 
C/lllia /anceo /ala Forssk. Eunhoribaceac i Shrub 
Commelilla bellIdw/ellsis L. Commel inaceae Herb 
Co;;-;za slricla Willd. Asteraceae Herb 
Croton macroslaclllls Del. Eunhorbiaccac Bckenisa Tree 
Cuoresslls /ustallica Mill. Cupprcssaceae Tid Tr< .. "C 
CYiJerus dichroslachvus A.Rich. Cvoeraceae Herb 
Datura stramonium L. Solanaceae Astenag(,'f Herb 
Do~lis abvssillica (A. Rich.) Warb Flacourtiaeeae Koshm Stlrub 
Dvschoriste mll/lieall/is (A. Rich.) O.Kuntze Acanthaceae Sokorll Ilc,.b 
EechilloDS ellellbeckii D.Hoffm. Astcraccac Koshcshla Herb 
Ekeberf!ia CaDensis Spamn. Meliaccae Tree 
Elellsil1e floccifolia (Forssk.) Sprcnl!. Poaceae Herb 
EIYH!~'oslis schwein(urthii Chiov Poaccac Herb 
Erica arborea L. Ericaceae Asit Shrub 
Eucalyplus g /obulus Labi ll . Myrtaceae N(,"Chbahr.::af Tree 

Galillsoga ql/tldriradiaw Ruiz & Pavon ASlcraceac Herb 

liopellia obyssinica (Bruce) J.F. Gmel. Rosaceae Kosso Tree 
Hyparrhellia alliltisliriodes (Hochst.ex Herb 
A.Rich.) Stapf Poaceae Semebelict 
Hvaoestes {o,.skoalii (Vahll R.Br. Acanthaceac Herb 

lilli/a confer/if/ora A. Rich. Asteraeeae Mi""Orc Herb 

Jasmillum abvssinicum Hochest. ex Dc. Oleaecae Herb 

Jasmillum abyssinicllm Hochest. ex Dc. Oleaceac Liana 

JllnilJerus /Jrocera Endl CUDPrcssaccac Gatira Tree 

Juslicia schimperiana (Hochsl. Ex Necs) T. Acanthaceae Shrub 
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Anders. 
Jllstitia schimperana (Hoehsl. Ex Nces) Acanthaccac Herb T.Andcrs 
Kalanchoe oetitiana A. Rich. Crassulaceac Endawclla Herb Klliolw/ia-(oliosa Hochst. ASDhodclaccac Herb 
Laggera tomenlosa (Seh. Bip. ex A. Rich.) ASlcraccac I Shrub Oliv. & I-Ii ern 
Lalltal/a Irilolia L. V crbenaceac Kcse Shrub 
Leonlis ocvmi{olia (Brum. f. ) Iwarsson lamiacca Herb 
LiDDia adoensis Hoehsl. ex WaID. Verbcnaceae Koserel Shrub 
Mavlelllis arblltifolia (A. Rich.) Wilczek Cclaslcraccac Kobclicha Tree 
Measa /emceo /ala Forssk. Mvrtacaca Kclewa Tree 
MedicaJ!ono/vmoroha L. , Fabaccae Herb 
Mvrsille a(ricGnG L. Mvrsinaceae Kcchcmo Shrub 
Maia COIlf!esla R. Sr. Ex Fresen Locaniaceae Shrub 
Ocimllfll {orskolei Benth . Lamiaccae Yarol.!ilfcs Herb 
OcimwlI /amiifolillm Hochst. ex Benth. Lamiaceae Damakcseh Herb 
Olea europaea L. sllbsp. cllspidala (Wall. ex Tree 
G. Don) Cif., L'Olivicoltorc Olcaccae Eicrsa -Olinia rochelial/a A. Juss. Oliniaccac Dodic TIS 
Osvris Qllad,T,)arlita Decn. Sanlalaceac Walo TIS 
PitlOSDorum abvssinicllnl Del. Pittosooraccac Didi sa Tree 
Pitlosprum viridijlorum Sims. Pittosporaceac Asikar Tree 

P/ec/rallt/Ills edll/is (Vatke) AQ.new, Lamiaceae Herb 
Podocarvlls (a/callis (Thunb) Mirb. Podocarpaceae Tree 
PO/Vf!Ofllllll avicu/are L Polwonaccae Herb 
PfllllUS UfricanQ(Hook. f.) Kalkm. Rosaceae Kobolieha Tree 
Rosa abvssinica Lindlev Rosaceae Gora Shrub 
Rubus aDela/us Poir. Rosaceae En 'or I Shrub 
Sche.fJlera abyssinica (Hochst. Ex A. Rich.) Araliaceae Annu Herb 
Harms 
Sida scllimverial/a Hochst.ex A.Rich. Malvaceac Chcfcrc Shrub 

Smilax asoera L. Smilacaceac Climber 

So/allium illdicllm L., Solanaceae Herb 

So/all 11m IIlClrf!inatum L.f. Solanaceae Shrub 

SOllclillS biiJOlitilli Asch. Asteraceae Herb 

SOIle/IIIS o/eracells L Aslcraeeae Herb 

Taf!eleS mil/uta L. Aslcraceac Herb 

l1iymlls shimDeri Ronnie.er Lamiaccac Tosi1!.Il Herb 

Tri(o/il/III/Jrerense L. Fabaccac Herb 

Vernonia adoellsis Sch. Bin ex Wolo Asteraccae Shrub 

Vernonia amvf!da/ina Del. Asteraccae Grawa Shrub 
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Appendix 3: Li.st of species recorded from the soi l sample in each of the six habitat tYJ>CS 
with the total number of seedlings 

Life 
Sot'cics Name Familv form EPF IITV FAL I)AL DEL 
Abu/i/on logicilspe Malvaeeae 
Hochst.cx A.Rieh. Shrub · 3 · 
Acacia me/anxv/on R. Br. · · Fabaecae Tree 21 · · Achvrollfhes aroeyo L. · · 

Amaranthaceae Herb 11 1 · · · AcmeI/o caulirhiza Del. ASleraceae Herb 8 16 · · · Alchemillo obyssinica Fre· Rosaceae 
sen. Herb 83 · 12 · · 
Alchemilla padllla A.Rich. Rosaceae 

Herb 8 · · · 10 
A/lorcropsis sell/ill/ora Poaceae 

I '''R.Br.) H;teh Herb 107 · · · 24 
A/opeclll'us baprarrhenilfs S. Poaceae 
M. hill ins Herb · · · 34 · 
Amaramlllls caudailis L Amaranthaceae Herb 1 · · · · 
Anov(lllis arvensis L. Primulaeeae Herb 61 · 15 · · 
AlIlhemi~' /igreensis J.Gay Astcmceae 
ex A. Rich. Herb 1 · 1 · · 
AllfllOspermwn herbaccllln Rubiaeeae 
Lf. Herb 9 · · · · 
Arthraxoll micans (Nccs) Poaceae 
Hochsl. Herb 14 16 · · 4 
Astero/inoll adoense Kunze Primulaceae Herb · 2 · · · 
Bidem' pachy/oma (ol iv. Astcraceae 
&Hiem) Cuf. Herb 8 · · · · 
Bidens presrinaria (Seh. Astcraceae 
Bio.) Fiori. Herb 9 · · · · 
Blldd/eja po/ystachya Fre· Loganiaceae 

Shrub · 29 · · · sen. 
Calpurnia (II/rca (Ait.) Fabaceac 
Benth. Trcc · 1 · · · 
Cam 10111l/a edlilis Forssk. Camnanulaceae Herb 326 · · · 42 

Copsel/a blll'sa·pastoris (L.) Brassicaccae 
Hcrb 5 · · Medic. · · 

Can /amine hirslile L. Brassicaceae Herb 6 · · · · 
Cardlllls leptacallflllls Fre- Asteraceae 

Herb 5 · · · · sen. 
Cay /usca abyssillica (Frc- Resedaceae Herb 

se~.) Fisch. & Mev. 
. . 1 · · 

Ceras/illm octandrum Caryophylla. 
· Herb 61 . · · 

A. Rich. eea' 
Chenonodiaceae Herb 45 · · · 

ChellODOdilim album L. · 
Herb 3 · · · · 

Cirsillm I'ld1!are(Savi.) Ten. Asteraceae 
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27 Co/podilllll hedbergii Poaceae 
I (Meld.) Tzvel. Herb - 15 COlllmeJinll be"g!lOlensis L. Commelinaceae - - - -26 Herb 3 -COllyza slricta Wilid. Asteraceae - - - -29 Herb 46 -

CO/II/a abyssinica Seh.- - - - -30 Asteraceae 
Bip.ex A.Rich. Herb 65 - 6 5 -

31 Crassli ia olsinoides Crassulaccae 
-

I (Hook.f.) Enol. Herb 137 - - - -ere '}is rueppelfij Sch.-Bip. -32 Asteraccae Herb 36 3 4 - - -33 CYIIOg /OSIlIII sp. Boraginaceae 
Herb 3 - - - - -

34 Cypel1l.\' mdchellus R.Br. Cyperaceae Herb 112 13 26 27 75 -35 Datura stramonium L Solanaceae Herb - 27 - - - -
36 Delosperma abyssinica (Re- Aizoaceae 

I gel) Schwantes I-Icrb 50 - 45 - - ..:.. 37 DichOlldra repens J.R. & G. Convulvulaceae 
Forst. Herb 16 20 - - - 17 

36 Dichrocephala integrifoli(l Asleraceae 
(L. f.) O.Kuntze Herb 5 - - - - -

39 Digiwria !'ellltino (Forssk.) Poaceae 
P.Beauv. Herb 94 - - - - -

40 Elellsille flocci/alia Poaceae 
(Forssk.)-Spreng. Herb - 7 20 - - -

41 Eragrosris papposa (Roem. Poaceae 
& Schult.) Steud. Herb 150 7 20 71 6 -

42 Eragrosris schweillf llYthii Poaccae 
Chiov. Herb 264 27 34 75 34 29 

43 Eragrostis sp. Poaceae Herb - - 77 191 - -
44 Erucastrllm sp. Brassieaeeae Herb - 5 - - - -
45 Farselia sleno{)fera Hochs!. Brassicaceae Herb 5 - - - - -
46 Fes/Ilea abyssinica Poaccae 

Hochsl.cx A. Rich. Herb 23 - 5 - - 6 
47 Galillsoga quadriradiata Asteraceae 

Ruiz & Pavon Herb 166 111 100 15 12 -
46 Galilllll simensis Fresen. Rubiaceae Herb 7 - - - - -

49 Ger(lllilim aClileolafllm Olivo Geraniaceae Herb 6 - - - - -
50 Ger(llliuIII arabicilm Forssk. Geraniaceae Herb 161 20 - - - -
51 Gypsophi/a e/egalls M.Bieb. Caryophylla-

Herb 0 - 6 - - -ccae 
52 Haploc(l I]J/w schimperi Asteraceae 

I (sch.l3ip.) Beauv. Herb 7 - - - - -
6 - - -

53 HelichyrsLim sp. Asteraccae Shrub - -
54 Ka /(mchoe pelilialla A. Crassulaccae 

6 Herb - - - -
Rich. -

Hcrb - 6 - - -
55 Laetuco serriola L. Asleraccae -
56 Laggera crispata (Vahl) Asteraceae 

6 -Herb 19 - - -
HeDocr & Wood 

57 Lagge/'(/ IOmel1losa (Sch. Asteraceae - -
Bip. ex A. Rich.) Olivo & Shrub 3 - - -
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Hiem 
58 LlIImea rueppellii (Oliv.& Asteraceae 

Hicm) Amin ex Boulos Herb - 2 - -Malva 1'eYliciflala L. Malvaceae - -59 Shrub 7 
Medicago no/w1/orplia L.. - - - - -60 Fabaceae Ilerb 18 37 8 9 43 Oxalis cornicu/ala L. Oxalidaceae -61 Herb 27 - - - - -62 Oxalis radicosa A. Rich. Oxalidaceae Herb 472 28 - - - -63 PalliclllII sliba/bidum Kunth . Poaceae Herb - - 34 - - -64 Pellniselllm r ipariuIII Poaccac 
Hochs!. ex A.Rich. Herb 38 - - 23 - -65 Pellllislllm penlaslachyuIII Poaccae 
ARich. Herb 13 - - - --66 Persicaria so. Polwonaceac Herb 158 - 59 - - -67 P/allwJ!o /allceo/ala L. Plantae:naceae Herb 1 - 2 - 2 -

68 P/all/(wo oa/mala Hook.f. Plantaanaceae Herb 3 - - - - -69 PleclYCllllhl/3' edlilis (Vatkc) Lamiaccae 
Agnew. Herb 8 - - - - -

70 Poa (l lIna L. Poaceae Herb 72 4 - - 5 -
71 Po/ygonium IIepalensis Polygonaeeae 

Mcisn. Ikrb 51 16 5 3 - -
72 PO/VJ!Ollllll' aviClIlare L .• Po1V2onaeeae Herb - - - 3 - -
73 P.~elldogllaphalilllll IlIleo- Asteraceae 

albuIII (L. )'Hilliard & Bllrlt Herb 97 - 11 - - -
74 Rao;ul1/lls raoJulIlislnlfn L. Brassicaceae Herb - 4 - - - -
75 Rubus avewlus Poir. Rosaceae Shrub 3 - - - - -
76 Rumex neva/ensis Sorell '. Polvswnaceae Herb 2 2 - - - -
77 Salvillllifolica JacQ. Lamiaccae Herb - - - - - -
78 Sailireja paradoxa (Vatke) Lamiaceae 

En. i.ex A.Sevbold Herb 58 - - - - -
79 Salureja plllietaia (Benth.) Lamiaceae 

Brio. Herb 12 - - - - -
80 Solaui llln illdiclllll L. Solanaceae Herb - 3 - - - -
81 Solalllllll ameriCOll lltn Solanaceae 

Miller. Herb 44 14 - 3 - -
82 Solamlln lIIarJ!il/allllll L.f. Solanaceae Shrub 1 - - - - -
83 Solanum n;I'YlIIII L. Solanaceae Herb 5 38 - - - -
84 Sol/ellllS asner L.) Hill Asteraccae Herb 6 - - - - -

85 SOl/ellllS binol/lini Asch. Asteraceae Herb 12 - - - - -
86 Sal/elms oleraclIs L. Asteraceae Herb - 5 - - - -
87 Spergu/aria mbro (L.) J. & Caryophllaceae 

Herb 52 - 36 - - -C. Presi. 
Herb - - 1 - - -88 Taf!eleS millula L. Asteraceae 

89 Trifolium bilineallllll Frc- Fabaceae 8 -Herb - - - -sen. 
Herb 11 - - 10 - -

90 Tr ifolium decorum Chiov. Fabaceae 
91 Tr({o lium 11l1l1lillen 'e Fabaceae 25 -Herb 18 - - -ARich. 

17 15 46 56 5 10 
92 Trifo lium nralellse L. Fabaceae Herb -Herb 10 - - - -
93 Trifo lium rlleo[}ellianllm Fabaceae 
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94 
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97 
98 

Fresen 
Trifolium scllimoeri A.Rich. 
Uebelillia abyssinica 
Hochst. 
Vernonia adoensis Sch. 
Bipex WOlD 
Veronica oersica Chiov. 
Vicia sa/iva L. 

Fabaccae '·Icrb 
Caryophllaccae 

Herb 
Astcraceac 

Shrub 
SCf()phulariacca Herb 
Fabaceac Climb 

c 

- - - - - 10 

4 - - - - -
- 3 - - - -

152 - - - . -

24 4 - - - -
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Appendix 4: List of species recorded from the soi l seed bank with thc IOlal number 

No Species Name 
LiHer 0- 3cm 3 - 6 COl 6-9clI1 I Abutiloll IORicllspe HochSl.ex A.Rich. 3 3 2 Acacia melanxyloll R. Br. 

8 8 5 3 Achyramhes a!]!!ra L. 7 I 2 4 Acmel/a caulirhiza Del. 
9 15 5 Alchemilla abyssinica Frescn. 
64 26 12 6 AlchemillaJ!adata A.Rich. 18 

7 Al/oleropsis semialala (R.BLl Hitch 95 51 45 8 Alopecilrus bap/arrhenills S. M. Phill ips 18 5 
9 Amarall//lIIs caudatus L 

I 
10 Anagallis an1ensis L. 15 31 2 22 
II Alllhemis tigreensis J.Gay ex A.Rich. 3 
12 Ant/iospermum herbacettm L.f. 5 4 
13 Arthraxon micans (Nees) Hochst. 17 I I 5 2 
14 Asterolillon adoense Kunze I 
15 Bidell~pachyloma (oli v. &Hiem) Cuf. 5 3 
16 Bidens prestinaria (Sch. Bip.) Fiori. 4 5 
17 Bllddlejapolystachva Fresen. 21 8 
18 Ca/pllntia allrea (Ait.)Benth. I 
19 Camponula edulis Forssk. 57 141 139 31 
20 CopseI/o bursa-Das/oris (L.) Medic. 5 
21 Cardamine hirsll/a L. 6 
22 Carduus lep/acanthus Fresen. 4 
23 Cay/useo abyssinica (Fresen.) Fisch. & I 

Mev. 
24 Ceraslium octandrum A.Rich. 6 
25 Chenopodium a/bum L. 30 18 
26 Cirsium vulgare (Savi.) Ten. 2 I 
27 Colpodillm hedberKii (Meld.) Tzvel. 15 
28 Com me/ina bellfdlO/ensis L. 3 
29 COll yza stricta Willd. 20 I I 15 
30 COlula abyssinica Sch.-Bip.ex A.Rich. 33 15 7 
31 Crassula alsinoides (HookJ.) Engl. 80 31 26 
32 Crepis rlleppe/lii Sch.-Bip. 9 8 17 15 
33 CynO)!IOSlIm Sp. 2 
34 Cyperus pu/chel/us R.Br. 54 93 56 7 
35 Datllra stramonium L. 17 9 I 

36 De/osperma abyssinica (Regel) 40 45 26 

Schwantes 
37 Dichondra repells J.R. & G. Forst. 51 

I 38 Dichrocepha/a jnlegrijolia (L.f.) 4 
O.Kuntze 

39 Di)!itaria ve/Wina (Forssk.) P.Beauv. 15 29 38 12 
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40 Elellsillef/occi(olia (Forssk.) Spreng. 12 15 41 Eragroslis papposa (Roem. & Schult.) 20 145 62 27 Steud. 
42 Era)!rostis schweinfimhii Chiov. 15 228 178 51 43 ErOf!rOSlis so. 

168 87 Erucastrum sp. 13 44 2 3 45 Farse/ia stclloDtera Hochst. 5 
46 Festllca abyssinica Hochst.ex A. Ri ch. 31 3 
47 GalillSO!!Q ouadriradiata Rui z & Pavon 25 144 14 1 44 48 Golillm simcnsis Fresen. 7 
49 Geranium ael/leolalum Oliv. 6 
50 Geranium arabicllm Forssk. 49 88 44 
51 Gvosoohilo ele.olls M.Bieb. 6 
52 fiap/ocarpha sellimperi (Sch.Bip.) Scauv. 9 
53 Helicli yrsum So. 6 9 
54 Kalanchoe Dctitiana A. Rich. 8 
55 LoelUca serriola L. 2 4 
56 La •• era crisoata (Vahl) Hepper & Wood 4 16 7 
57 Laggera lomentosa (Sch. Sip. ex A. 3 

Rich.) 
Oliv. & Hiern 

58 Lmmea rueppellii (Oliv. & Hiem) Amin 2 
ex Boulos 

59 Malva verticil/ata L 7 
60 Medicof!o /Jo!ymorpha L., 75 18 33 
61 G.m/is comiClilalQ L. 21 6 
62 G.mlis radicosa A. Rich. 77 208 96 106 
63 Panicum subalbidum Kunth. 34 
64 PC1I1IiSelllm rioarjum Hochst. ex A.Rich. 10 20 
65 PellnislUm pentastachyum A.Rieh. 13 
66 Persicaria so. 98 71 39 
67 Plollto?,o lanceolara L. , 3 2 
68 Plall lQ{W valmata Hook. f. 3 
69 Pleclrallthlls edillis (Vatke) Agnew I I 

70 Poa amll/a L. 8 34 23 6 
71 Polv~ollium neDalensis Meisn. 9 26 15 18 
72 PolYJ!onum avicillare L. , 3 
73 Pseudognaphalium luteo-album (L.) Hil- 13 35 57 40 

liard & Burll 
74 Raohallus raohanistrllm L. 3 I 

75 Rubus apela/us pair. 3 

76 Rumex neDalensis Spreng. 4 

77 Salvia nilotica Jacq. 2 
78 Satureja paradoxa (Vatke) Engl.ex 14 46 12 

A.Sevbold 
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79 S(l/Ilreia DIme/ala (Benth.) Brio. 12 
80 So/anium jndicum L. 2 I 
81 So/an 11m americanllm Miller, 14 35 14 3 
82 Solanum ma~nalllm L.r. I 
83 Solanum lIif!rtlm L. 20 8 9 4 
84 SOlie/illS aSPerCe) Hill 4 2 
85 Sonchus bioolltini Asch. 7 5 
86 Sone/Ills a /eroclls L. 4 I 
87 Sver~lliaria rubra (L.l I. & C. Presl. 52 19 17 
88 rOieles minula L. I 
89 Trifolium bilineatum fresen. 8 8 
90 Trifolium decorum Chiov. 5 7 9 
91 Trifolium mu!tinerve A.Rich 30 6 4 
92 Trifolium ora tense L. 53 43 34 
93 Trifolium rueDDellianllm Fresen. 7 3 
94 T,i/olium scli imoeri A.Rich. 6 
95 Uebelinia abvssinica Hochst. 3 
96 Vernonia adoensis Sch. Bin-ex Wolp 3 
97 Veronica oersico Chiov. 11 8 23 II 
98 Vicia sativa L. 13 7 4 
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