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Hablamu Chekol Fantahun 

MSc 
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Abstract 

This study was undertaken as part of the ongo ing biological restoration efforts at 

the "Center for Indigenous Trees Propagation and Biodiversity Development in Ethiopia" 

(50·55 Km west of Addis Ababa, 09°01' 188" N; 038~1'566" E). The main objective of 

the study was to measure extent of restoration over a degraded landscape usi ng CoJJea 

arabica L. as a bioassay plant. In order to measure this, the phrase " Restoration Bioassay" 

was coined for coffee plants which were established beneath Acacia abysl'inica, Croton 

macrostachYlil' and Ellclea divinorum. The trees were regenerated after 5-6 years' of 

intensive restorat ion acti vi ties. All the vegetat ive and reproductive responses were 

quantified on randomly se lected 3 to 5 year·o ld coffee plants. Also, soil samples from the 

si tes being restored, and those From the non- restoring adjacent areas were collected and 

analyzed for macro- and micro-nutrients, as well as for texture, moisture, density and 

elect rica l conduct ivi ty. Through thi s study, it was found that mean num ber of nodes, 

leaves, as well as internode lengths were significantly (P<0.05) greate r for coffee plants 

establ ished and maintained for 3-4 years beneath the A. abyssinica shades, compared to 

those beneath the C. mocros/(lchYlIs and E. divillorllm shades. Although no significant 

difference was found in height growth. mean leaf area of coffee plants that benefited by 

the shade of A. abyssinica was different, compared to those grown beneath the shades of 

C. macrostachYlis or E. divinorlll1l. Further, key phys iological and/or economic indices 

such as number of green berries, fresh weight of berries, s ize of beans, mature red berry 

harvest per plant, berry to bean ral io, weight of bean per berry. as well as weight per 1000 
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beans were a ll sign ifican tly (P<O.05) higher in coffee plants grown under A. abyssi"ica 

than those grown under either C. macroslachyus or E. dilli"orulfl. Significan t (P<O.OOI) 

differences in the nu mber of flower buds and flowers were observed between the control 

and treatment groups in coffee plants where GAJ levels of 100, 250 and 350 mg 1'1 were 

sprayed on the l eavl~s. Soil analyses results yielded signi ficant (P<0.05) diffe rences in 

soil phosphorous, total ni trogen, organic carbon, potassium and electrical conductivi ty 

between the sites being restored through use of native trees and shrubs and those that have 

not been restored. Compared to the non-restoring adjacen t sites, the leve ls of avai lable 

phosphorous, tota l nitrogen and organic carbon were found to be 54, 39 and 56 % higher, 

respectively, in the sites that were in the process of restoration. Th is study showed that 

restoring nati ve trees, shrubs, herbs and grasses over a degraded landscape restores 

keystone natura l resources wi th fa r-reachi ng pos it ive consequences on economic growth, 

food security, biodiversi ty, and livelihood restoration. We, therefore, recommend that 

landscape restoration using native trees and shrubs must be scaled-up using mechanisms 

detailed in thi s thes is. Further, since Ethiopia's nature and natural resources have been 

dilapidated for generat ions, and since the nation's poverty has been the direct 

consequences of these actions, biological restorati on must be cons idered Ethiopia's 

priority agendum both by lawmakers and the Government that enforces the laws. 

Key words/phrases: Coffee reproductive traits; Degraded landscapes; Ethiopia; 

Indigenous trees; Restoration Bioassay 
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CHAPTER ONE 

I. INTRODUCTION 

J. J. Scope of the problem 

Deforestation has been a major problem in Ethiopia for quite a long time with 

serious environmental consequences. These consequences include dec line or loss of 

biodiversi ty and keystone natural resources, degradation of land, poss ible negati ve effects 

on the toca l, regional and global climatic conditions as well as negative impacts on the 

we lfare of hurnan beings (Eshetu Yirdaw, 2002; Lcgesse Ncgash, 2010). 

There have been various responses to these losses of keystone nalura l resources 

(soil and water) and biodivers ity (flora and fauna) . Restoration is a process thai attempts 

to rega in ecologica l integrity and enhance human we ll-be in g in deforested or degraded 

landscapes (Berger, 1993; Lamb, 1998). In the restoration process, natural succession is a 

key factor and the eco logica l princ iples have been used to restore degraded sites in 

dilTercnt ecosystems (MacMahon, 1997). Natura l succession on degraded sites is 

accom panied by an increase in ecosystem structure (species composition and complexity) 

and function. Therefore, the a im of restoration work is to acce lerate and direct natural 

succession (Hobbs and Norton, 1996). 

In Ethiopia, the first restorat ion center was established on July 2004 by Prof. 

Legesse Negash. The "Cemer for Indigenous Trees Propagation and Biodh'ersity 

Development in Ethiopia (CITPBDE)" located at Tulu-Konna (52 km west of Addis 

Ababa, along the highway to Ambo town in Oromia Regional Government) studies on the 

mechani sms for the restoration of biodivcrsity and keystone natural resources (including 

soil s and water) are ongo ing. Theses studies are al so addressing the integrated 

physiologica l responses of various plantcd indigenous trees under field conditions. 
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Besides the etTorts on restoration to recreate a stable ecosystem at the CITPBDE and its 

surrounding degraded landscape, is still in progress (Legesse Negash, 2010). 

The mechanism or restoration requires various plant species (Bradshaw and 

Chadwick, 1980) and the plants shou ld attai n propcrtics like tolerance to poor soils and 

water shortage (A. abyssinico sp.); easi ly di spersing seeds (c.g. Vernonia amygdalina); 

species rormi ng mutualistic relationships with animals (e.g. Ekebergia capensis); rast­

growi ng species (e.g. Acacia aby.\·l·inica, £ryllwina bruce;, Millelliajerrllginea) ; nitrogen­

fixing species (e.g. Acacia seya/) and species attractive to rrugivorcs (e.g. Dovyalis 

caffra) (Berger, 1993; Elliott et al. , 2000; Lamb and Gilmour, 2003) . Besides, plants 

capablc or restoring water (e.g. F;CIU Wlsta), restoring soil rertility (e.g. Hagenia 

abyssinica) and recycling nutrients (e.g. Croton macrosrachYlls) are essential. On the 

other hand, rare or threatened native specics (e.g . . flllliperolls procera and Poc/ocarplIs 

fa/catus) and indigenous specics (e.g. Ficus Sill', Acacia abyssin;ca and Millellill 

ferrllginea) must be a part or restoration to increase their popu lations and enhance 

biodiversity (Berg~:r. 1993; Legesse Negash, 20 I 0). 

Restoration commonly takes many years to achievc and ronn stable-climax 

community. Howe:ver, somc or the obv ious ways to acce lerate such successions are to 

de liberately reintroduce certa in key species and seeds to hasten the process or natural 

recovery (Elliott et oJ., 2000); to roster the structura.1 complexity that attracts seed- or 

rruit-dispers ing ra una and also to plant indigenous tree spec ies propagated in nursery 

(Lamb and Gilmour, 2003). Hence the more species present the greater the structural 

complexi ty at a site is likely to be and the more likely it is to be attractive to a wider range 

orwi ldlire species (Lamb, 1998). 

The extent, stabi lity and success or restoration in a site which is being restored 

could be measured using different cri teria such as: structural elements (plant cover, the 
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heights, diameters, areas and growth rate of plants); composition of the community 

(numbers, ident ity and abundance of various plant and animal species); temporal 

variations in biologica l stock (i.e .. plants, an imals, and microorganisms) of a given 

landscape (Lamb, 1998; Lamb and Gil mour, 2003); periodic nnnlyses of restored nlltrient 

e lements in the soil, ineluding organ ic carbon, N, P, K, Mg, Ca, S, Fe, Mo, Zn, etc.; and 

tempora l increases in intensity and volume of stream and/or river discharges; and program 

effic iency and flexib i lity (http://www.clh iopian-biodiversily-reslorat ion.org!Restornt ion). 

The goa l of this study was to measure the extent of restoration of a degraded 

landscape usi ng C. arabica as a bioassay plant. The present study uses a new approach 

called Restoration Bioassay, wi th the ai m to determine the efficiency of cofTee plants 011 

the site whic h is being restored through the vegetative growth, flowe ring and fruiting 

characteristics. Coffee plants arc selected because of the ir sensitivity to di rc<:t 

electromagnetic radiation. They are also highly sensitive to moisture and nutrient de ficits 

in the soil , temperature differentials of the ai r, the soil env ironment, as we ll as to soi l 

micro-fauna and nora (h tt p://www.ethiopian-biod iversi tv-restoration.orglRestorat ion). 

The other reason for using cofTee plan ts was the contribution of C. arabica to the 

economic development of Ethi opia. 
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1.2. Object ives of the study 

The general aim of the present study was to measure the extent of restoration 

thro ugh the vegetative growth and reproductive performance of C. arobica established on 

a s ite that is bei ng restored. The other main objective WIIS al so to study the underlying 

eco-physiological processes such as air IcmperalUre (T'i'), photosyn thetic active radiation 

(PAR) and soil physica l and chemica l properties that associate with the C. arllhica 

understory by the nati ve woody and other plant spec ies. 

The spec ific aims o rthe presen t work were to: 

• Measure the height, num ber o f bronches, number o f nodes, inter-node length. 

num ber o f leaves, leaf area and branch leaf area o f three-year-old C. arabica 

established on a s ite that is being restored. 

• Quantify the num bers of green berries, red berries, aborted green and red berries, 

fruiting nodes, berry per node, and beans per berry o f five-year-o ld C. arabica. 

• Identify the fresh and dry weight o f each berries and beans obtained from five­

year-old C. arabica. 

• Determine the yie ld (gltree) harvested from fi ve-year-old C. arabica. 

• Quantify the number of nowers, nower buds and secondary branches o f four-year­

o ld C. arabica (subjected to 300 mg rl GA), 250 mg rl GA). 100 mg rl GA) and 

Con tro l) established on a s ite that is bei ng restored. 

• Identify and quant ify the leve ls o f soi l nutrients from the restoring sites, both the 

physica l and chemical properties, where C. arabica grows. 

• Measure the temperature and PAR level of the study si te that is being restored . 

• Identify the noristic composition of the s ite that is be ing restored. 
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CHAPTER TWO 

2. LITERATURE REVIEW 

2.1. The causes of land degradation and its consequences 

Land is the basic natural resource that provides habitat and sustenance for liv ing 

organi sms, as well as a major focus of economic activities. Land includes nOI only the 

soil , but also water, vegetation, landscape, and rnicroclirnatic components of an ecosystem 

(Lamb and Gi lmour, 2003). Land degradation is the process of progressive deterioration 

of biological (nora and fauna) and physica l (soil , water, micro·climatc, ctc.) resources of 

the land, leading to declining productivity and unsustainable yields as a result of 

degradation of soil quality and also its loss for effective usc (Singh, 1995). According to 

FAO (1995), land degradation refers to a temporary or permanent decline in the 

productive capac ity of the land. 

There arc many driving forces compel ling peoplc in Ethiopia to ovcr·cxploit 

natural resources like land. The main ones are the poverty with rapid population growth, 

improper land use, absence of a land use policy, and ineffectivc implementation of 

existing laws and guidelines (Mulugeta Lemenih, 2004). Unplanned agricultural practices, 

and encroachment on forest areas for agriculture and settlements, also put pressure on 

scaree land resources. Unplanned or inadequate rural infrastructure development and the 

growing demands of increasing urbanization are also devouring productive land (Tcsfay 

Teklay, 2005). 

Land use in Africa has been characterized by a significant amount of land 

degradation and conversion (Malik, 1999). Deforestation, overgrazing and agricultural 

activities are major causes of land degradation across Africa (Oldeman et al. , 1990). 

Many poor African pastoralists and fanning households respond to declining land 

productivity by abandoning their existing degraded pasture and cropland, and moving to 
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new lands for grazing and culti vation. Simi lar practices arc cenainly true in Ethiopia 

where agriculture accounts for most land usc and thus is probably the single most 

powerful influence on env ironmental quality. At the samc time, agriculture remains thc 

princ ipa l sourcc ofli vc lihood for the rural poor in the country (Malik, 1999). 

The lag in agricu ltural producti vity advancement behind population growth has 

causcd intense land use conflicts, particularly between the agricultura l and the forestry 

sectors in Ethiopia. To compensate for the low agricul ~ lIral producti vity, deforestation for 

arable land expansion has been the principal land use change employed in Ethiopia for 

centuries (Mulugeta Lcmcnih, 2004). 

Rate of deforestation in Ethiopia, which amounts to 163,000 - 200,000 ha y( l, is 

one of the highest in tropi ca l Africa (Reusing, 1998). As a result, the nat ural forest cover 

in Ethiopia has dec lined considerably from approximate ly 40% to just less than 3% 

(Kuru, 1990), a process that has furthe r exacerbated land degradation in the country. 

Deforcstation has been a major problem for quite a long time wi th serious consequences 

to Ethiopia. These consequences include degradation ofland and waler bod ies, dec line or 

loss of biodiversity, possible negative effects on the local, regional and global climatic 

conditi ons as well as negati ve impacts on the we lfare of human beings (Eshetu Yirdaw, 

2002; Legesse Negash, 20 I 0). 

As a result of deforestation, Ethiopia 's forests and woodlands have been declining 

both in size and spec ies richness. Due to the continuing encroachment, it is highly 

probable that the present fragmented forests in the highlands are much more impoveri shed 

in terms of floristic diversity than the forests which once occupied the same site (Eshetu 

Yirdaw, 2002). The number of species and intra-specific genetic diversity in fragmented 

forests wi ll diminish over time after isolation owing to a variety of factors, such as 

inbreeding and genetic drift (Turner and Coriell, 1996). In fact, deforestation has eroded 
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the biologica l d iversity to such an extent that some plants arc faced wi th local extinct' ion. 

Some of the rem nant tree species in the nonhern and. central highlands are endangered, 

since they are found as isolated individuals, and the ir abil ity to fonn viable population is 

very much in doubt. It has been estimated that 2.5% of the higher plant spec ies were lost 

due to deforestation in the montane regions of tropical Africa between 198 1 and 1990 

(FAO, 1993). 

La nd degradation in Ethiopia is al so exacerbated by soil nutrient dep letion arising 

from cont inuous cropping together with removal of crop residues, low externa l inputs and 

absence of adeq uate soil nutrient sav ing and recycling tec hno logies (Bojo and Casse ls, 

1995; Sahlemedhi n, 1999). A continental study commissioned by the FAO in 38 sub· 

Saharan Africa countries, includi ng Ethiopia, showed that Ethiopia is one of the countries 

with the hi ghest rates of nutrient depletion. The aggregated nationa l sca le nutrient 

imba lances were 4 1 kg ha- I y(1 for Ni trogen, 6 kg ha-I y(1 for Phosphorous and 26 kg 

ha-I y( 1 fo r Potassium (Stoorvogel and Smal ing, 1990). It has long been known that soil 

organic matter and othe r soi l propenies decli ne rapidly foHowing tropica l fo rest 

clearance, burning and subsequent cultivation (Cairns, 1988). 

However, the rates and magnitudes of the loss of soi l organic matter and other soil 

properties are highly vari able depending on several factors such as soil type, cl imatic 

factors and land use intensity (Parfi tt et al. , 1997). ' Even so, in Eth iopia, one of the 

tropica l countries with considerable de forestation experience (Kuru, 1990), few scienti fi c 

stud ies have been made on soil quality and biod iversity changes following deforestation 

and land use intensification (Tesfay Teklay, 2005). 

These biophys ica l changes have both soc ial and economic impacts, with the most 

im mediate effects being fe lt by communi ties that depend on forests for part or their entire 

livelihood. Therefore, these problems call for urgcnt and a ll-out actions for the 
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restoration of degraded and destroyed areas using indigenous trees (Legesse Negash, 

2002). Because susta inable productivity of ecosystems depends to a large extent on the 

buffering capacity provided by hav ing rich and healthy indigenous forests (Legesse 

Negash, 1990; Reusing, 1998) it is extremely import<lnt that they are conserved, 

propagated, and developed to the exten t possible in order to facilitate the mechanism of 

restoration (Legesse Negash, 2010). 

2.2. Responses towards landscape degradation 

There have been various responses to the losses of biodiversity and key natural 

resources, and variety of approaches can be used to overcome these forms of degradation 

(Urbanska et of., 1997). Depending on the objecti ves of the project on the degraded 

landscapes, the fo llowing three responses are avai lable. 

• "Rcstonllioo" only for those situations where the intent is to re-establish an 

ecosystem as close as possible to that which origina lly ex isted at the site. The s ite 

then contains most of the original plant and ani ma l species, retain the lost key 

natural resources and has a structure and productivity matching that originally 

present (http://www.eth iopian-biod iversity-resloration.orglRestoration); 

• "Rehabilitation", on the Dlher hand, is used where the origi nal productivity or 

structure is rega ined as we ll as some, bllt flot all, of the origi nal biod iversity. This 

might be because commercia l imperati ves demand the use of certain agricultu ral 

or timber species to j ustify the rehabi litation effort or because the site has become 

unsuitable for some of the original species (Parrotla el 01., 1997); and 

• "Reclamation" is used for situations where productiv ity or structure is regained 

but biodiversity is flot. In fac t, native spec ies may not be used at al l. In such cases 

there arc few, if any, benefits to landscape biod iversity but there may be social or 
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economica l advantages or functional ga ins such as improved watershed protection 

(Lamb and Gilmour, 2003). 

The three approaches ditTer in the extent to whi ch they enable the original 

biodiversity to be regained (Urbanska el ai. , 1997). Therefore, one of the best responses to 

attain a ll the needed lost biodiversity, key natural resources and ecological stability is 

restoration (Elliott el aI. , 2000). Restoration incorporates both biophysica l and 

soc ioeconomic values; that is, ecosystem restoration as we ll as the changes in human 

well ~be ing associated with it (Lamb and Gilmour, 2003). It is important to consider the 

social and econom ic im pacts of forest restoration in itiat ives, part icularly the etTects on 

people liv ing in or near the restored forest area (Ell iott el at. , 2000). 

2.3. Definin g restoration 

In a fie ld encompassing as many discipl ines as restoration ecology, an unequi voca l 

defi nition of goa ls and directions is necessary. Restorati on eco logy can be de fined as the 

scientific study of h uman~facilitated recovery processes (Lamb and Gi lmour, 2003). In 

this literature, two main emphases have developed : goa l~or iented and process-oriented 

restoration. 

If goa l-orientcd restoration is considered, it is to create a se lf-su pporti ng ecosystem 

that is resilient to perturbat ion without further assistance, recover the spec ies composi tion, 

structu re and function of the origina l ecosystem prior to perturbation (Bradshaw, 1990). It 

focuses on the sc ience of reconstructi ng funct ioning ecologica l systems. A paramount 

val ue of a goal-oriented definition of restoration is its emphasis on restori ng a self­

maintaining and/or self-perpetuating ecosystem (Le., restoring dynamic processes 

characteristic of all matu re ecosystems which, over long periods of ti me, become 

characterized by ecologically acceptable structure and function despite spec ies turnover) 
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(U rbanska ef al. , 1997). Another emphasis is the integration of a restored patch into the 

larger eeologieallandscape in which it occurs (Bradshaw, 1990). 

In addition, if restoration is considered as process·oriented, it deals with the 

integration of ecologica l princ iples and human social systems (Urbanska ef al., 1997). A 

process-oriented definition of restoration shifts the em phasis from replication of pre­

disturbance cond ition and allows restoration to encompass all actions necessary to ensure 

the return of a natural ecological Slale (MacMahon, 1998). This concept places the goa l­

oriented tenets of ecosystem reconstruction and the judgment of ecologica l integrity into 

an applied perspective that concentrates on facilitating recovery without requiring 

historica l comparisons. 

For the purposes o f thi s thesis, as in most practi cal applications of the tenn, 

restoration integrates component s of both definitions. 

2.4. Restoration of degraded ecosystems 

Restoration eco logy has developed from, and has been practiced primarily through 

on site-based approach. The restoration ofa well defined area such as a mine site, wet land 

or a degraded ecosystem of some description is generall y attempted (Backes, 200 1). 

However, it is c lear that relati ve ly large areas of the earth are in need of some form of 

restoration, following degradation through overuse or inappropriate management, which 

has impaired the functioning of the landscape as a whole (MacMahon, 1998). 

Forest restoration, in pass ive or acti ve processes, can be a primary component of 

conservati on and sustainable developmeni programs which provide people with the 

opportunities not on ly to repa iring the damaged ecology, i.e. prov iding the goods and help 

re-establish those ecological services or functions no longer be ing provided by the lost 

environm ent or restore sollle degree of biodi vers ity to degraded landscapes (E lli ott et a/. , 

2000), but also to improve the human condi tions by c reating livelihood diversi fications, 
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renewing economic opponunities, rejuvenating traditional cu ltural practices as we ll as 

boosti ng the confidence of loc:,l communities (Bradshaw and Chadwick. 1980). 

[n a country [ike Ethiopia where a rapidly growing human and animal population 

are inducing overexploi tation of the availab le producti ve natural resources, restoration of 

the vast degraded landscapes that exist in the coun try will have a va lid and important role 

in paving the way for sustainab le development (legesse Negash, 2010). According 10 

Eshetu Yirdaw (2002), reversal o f land degradation and restoration of the producti ve 

capac ity of the degradcd [and is a necessity and not an option in Ethiopia, especial[y if 

most of the li veli hood and economic development are to cont inue 10 cmerge from the 

agricultural economy. 

There are diverse approaches and techniques to land and vegetation restoration 

(Bradshaw, [990). ['ast effons to restore degraded agricu ltu ra l lands in Ethiopia were 

predominantly characterized through im port and di stribution of chemica l fertilizers. 

However, thc restoration process, natura l succession is a key factor and the ecological 

principles have been used to restore degraded si tes in different C{;osystcms (MacMahon, 

1997). Natura[ succession on degraded sites is accompanied by an increase in ecosystem 

structure (species com[Xlsition, comp[cxity and thc resul ting interactions) as well as 

function thus leading to ecosystem dcvelopment. Therefore, the aim of the restorat ion 

work is to accelerate and direct natural success ion. However, it is clear that these nalura l 

factors alone arc rarely enough to allow rapid ecosystem development and hence they 

shou ld be augmented by human input. In order 10 provide thi s input, it is necessary to 

understand the factors limiting succession al each point o f its progress and relieve them 

(Bradshaw, 1990). 

From the ecological and soc ial point of view, both landscape and site-level 

considerations must be taken into account when deciding where 10 inlervene restoration. 
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At the landscape level. a useful beginning for decision-mak ing could be to identify 

remnant forests, cspecia lly those with high conservati on val ue (c rit ica l environmental and 

socia l va lues) (Parrotta el 01., 1997). These cou ld be used as stnning points around which 

to carry ou t site-specific in terventions. At the site leve l, restoration can be carried OU I on a 

range of locations, from severely degraded sites to those that arc on ly slightly di sturbed 

and need only a few years of protection before recovery is underway (Hobbs and Nonon, 

1996). Because of the imponance of integrating both biophysica l and human well-being 

aspects into landscape restoration, there must be a stratcgic focus in decid ing where to 

take action. 

2.5. Restoration apprmlches 

A variety of methods can be used to overcome forest degradation. In many, if not 

most cases in the past, the most common approach has been to simply restore cconomic 

productiv ity (Backes, 200 I). Other alternatives arc now poss ible. Somc approaches 

attempt "complete" ecologica l restoration; others have the goa l of production gai ns 

together with improvements in biodiversity and ecosystcm fu nction (e.g. watcrshed 

protection, reductions in sa linity) that lead to more sustainable forms o f prod uction 

(Hobbs and Norton, 1996). 

In the case of ecologica l restoration, several preconditions must be met before 

recovery is possible, irrespectivc of the method used (Reay and Nonon, 1999). Only then 

may it bc feasible to attempt restorat ion. A key issue is deciding how much intervention 

is needed beyond simply protecting the site from funhcr disturbances; that is, how many 

spec ies must be del iberately brought to the site and how many can be re lied upon to 

colonise unaided (Hobbs and Norton, 1996)? Extensive testing may be required before 

determining which species to usc (Table I). Nati ve species from the immediate area arc 
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clearly most desirable but exotic species may be appropriate in some situations (Backes, 

200 1). 

Table I. The characteristics of plants involvin g in the restoration of degraded landsc.'lpcs. 

Taken from Lamb and Gil mour. 2003. 

Species type Puq)ose 

• Nati ve species • to en hance biodiversity 

• Species attractive to fnlgivores • to encourage seed di spersal 

• Species forming mutua lislic • to foster wild life populations 

re lationships with an imals 

• Rare or threatened species 

• Fast-growing species 

• Species tolerant of poor soils 

• Nitrogen-lix ing species 

• Fire tolerant trees 

Passiw! res/ortltioll 

• to increase their populations 

• to occup)' site and exclude weeds 

• 10 facili tate rehabilitation 

· 10 improve soil fertility 

• to use in li re-prone landscapes 

In this case restoration is achieved by sim ply protecting the s ite from further 

di sturbances and allowing natu ral colonisation and successional processes to restore 

ecosystem biodiversity and structure (Berger, 1993). This approach is bcst suited to 

situati ons where degradat ion is not extensive and residual forest patches remain or some 

advanced forest regro\vth is already present (Lamb and Gi lmour, 2003). Consequentl y, 

the best locat ions are likel y to be places where previous disturbances occ urrcd in the past 

and some recove ry has a lready occurred (Hobbs and Norton, 1996). On the other hand, 

recently di sturbed sites where the disturbances were slight or short-li ved may also be 
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suitable because they are morc like ly to ha ve a larger pool of residual seedlings, seed in 

topsoi l or old but live stumps (Backes. 200 1). 

E"richment phUlli,,!: 

Not all regrowth or secondary forests have high levels of biologica l diversity. 

Many have becn disturbed so many ti mes in the past that only a small number of 

re lati ve ly common species rema in (A llen, 1997). In litese cases it may be useful to 

supplement biological diversity by rei ntroducing certain key spec ies to hasten the process 

of natural recovery (Dobson el al .• 1997). For example, it might be necessmy to quick ly 

increase the population of several particular plant spec ies that wou ld find it difficult to re­

establi sh under the pass ive restoration approach. 'Iltese might be endangered plant 

species, plants with large seeds that arc poorly dispersed or plants needed by a particular 

wi ldlife species (Backes, 2001). 

Direct seet/illg 

In many cases, the rate of natural succession is limited by the slow di spersal of 

seed across degraded landscapes (Berger. 1993). An obv ious way to accelerate such 

successions is to deliberately reintroduce the seed (Lamb and Gilmour, 2003). 

Various forms of direct sowing have been used: in some cases the seed has been 

broadcast or sown by hand; in others it has been sown from aircraft (Hobbs and Norton, 

1996). Usually the seed must be sown on bare soil so that it can establish quick ly in weed­

free conditions (Berger, 1993). The advantage of direct seeding is its low cost; there is no 

need to raise seedl ings in nurseries and they can be spread across the landscape casily, 

including sites that mi ght be difficult to reach when carrying boxes of seed lings (Hobbs 

and Norton, 1996). 
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SC(lltere(llree pla"lillgl' 

Another way to acce lerate successions is to fostcr the structural complex ity that 

attracts seed· or fruit.dispersing fauna into the degraded landscape from nearby intact 

forest (A llen, 1997). One method involves plaming small numbers of scattered, single 

trees or clumps or rows of trees, which fOnTl perches for birds (Bcrger, 1993). Seedlings 

arc produced from seed shed below the perch tl\.""<:S. Eventuall y the c lusters of seed lings 

grow up to form trees and become bi rd perches themse lves (Backes, 200 I). The cl umps of 

trees enlarge and the process continues. The trees initially planted might be one or more 

spec ies with seed not dispersed by animals (e.g. species with large fruit or seed or wind· 

dispersed species) or those where fruiting only occurred infrequen tly (Brown and Ewel. 

1987). The appronch is probably most useful in abandoned farmlands with grass lands or 

shrubs and at sites without many trees (Lamb and Gilmour, 2003). 

CIO.'le·.'Ipllcetl pitmtillgs lisillg limited ",,,,,berl' o/speciel' 

A variant of the approach abovc is to usc morc close ly spaced plantings of a small 

number of spec ies abl e to attract seed-d ispersing birds. nlese early plantings act as "nu rse 

trees". The approach has becn rcrcrred to as the framework species method (Backes, 

200 1). Al though the plant ing density is high (1000 trees per ha, or even more), which 

means the treatment cost is higher than the scattered planting approach, the total cost is 

reduced by the small number of species used (Lamb and Gilmou r, 2003). This e liminates 

the need to collect seeds from a large num ber of species and raise them in the nursery. 

One option is to plant spec ies from early successional stages, which will create the 

cond itions for the later arrival of a more diverse community (Backes, 200 1). 

Alternati vely, spec ies might be chosen because they are tole rant of the site conditions or 

because they are attracti ve to wi ldlife and arc able to reprod uce quickly and spread across 

the site (Brown and Ewel, 1987). 
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The advantage of thi s approach is Ihut once the trees are established. they soon OUI­

compete grass and weeds, making it easier for the species brought in by secd-dispcrsing 

animals to become established (Lamb and Gilmour, 2003). The npproach is especia lly 

suited to areas close to intact forest that can act as a source of seeds (and wi ldlife); this 

allows addi tional species to be recruited quickly. 

What all these approaches have in common is that successions are initiated or 

accelerated without any c lea r knowledge of the direction they may take (Backes, 2001). It 

is assumed that other plant species wil l colonise the sites ove r time from nearby forest 

remnan ts. It is also assumed that animal s wi ll be able to migrate to and reoccupy these 

new cOlllmunities once appropriate habitats are formed (Dobson ell/I., 1997). 

2.6. Nntive tree ns ~I pathway for restontlion 

Severa l studies from the world have reported that both soil fertility and diverse 

nati ve flora and /(llllla can be restored under fast growin g indigenous plants eSlllbl ished a ll 

degraded sites (Lugo, 1992; Fi sher, 1995). This phenomenon has led several ecologists to 

propose fast-growi ng plantation species as an ecological managcmcnt tool for thc 

restoration of degraded lands in the tropics (Parrotta el al., 1997). 

Native tree restoration establ ished on degraded sites 10llg devoid of a native tree 

cover can act as successiona l catalysts, faci litating the re-colonisation of native flora 

through their infl uence on understory microc limate (Co lin and Lauren, 1999; Legesse 

Negash, 20 I 0) and so il ferti lity. suppression of dominant grasses and provision of habitats 

fo r seed di spersing animals (Parrolla, 1995). 

Native tree planting con tribute to conservation of bio logica l di versity, both at the 

site and landscape leve1. Extensive restoration with native species can he lp ameliorate 

long-tenn environmental degradation in badly eroded landscapes. restoring not only 

ecological funct ionality but also site productivity (Lamb and Gi lmour, 2003). Sustainable 
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conservation and uti lization of the rcmoining vegetation resources and restoration of those 

that have a lready been degraded would provide economic, socinl and ecological bcnefilS 

(Tefera Mengistu eta/. , 2004). 

Plants arc by far the most important means of primary prod uction. and, therefore. 

the recovery of an adequate plant com munity is central to any plan for rest ring degraded 

land (Hobbs and NOrlon, 1996). Some of the plants which nre responsible for restormion 

includes Keystone species (like Ficus \ '(/Sf(I , F. ~)'COlllorIlS subsp. ~J'CO lIIonl~' , F. 

s),colllorliS subsp. gllapha/ocar/xi and F. sur) and native species (including Acacia 

aby~·sillicll, CrOIOl1 IIlt/cros/achYII.\', Podocarplls fil/callls. Millellia /errugillea. "rulIIlS 

a/rica"a, Nagellia lIbyssinica). and OIher indige nous plants. '11e common goo ls for 

vegetation establ ishment in restorat ion situations usually include : 

(i) Enhanced mineml weatheri ng (ii) input of organic limiter, ( iii) nutrient pumping and 

recycling, (iv) symbiotic N-fixation. (v) interception of panicles and dusts (e.g. aerosols) 

in the air. and (vi) improved soil structure through root action (Lamb and Gilmour, 2003; 

Legcsse Negash, 2010). 'llerc arc also indin .. 'Ct beneficial effects ofrcstoring native trees 

and shrubs which include improved microc limatic condit ions under the stand canopy. e.g. 

increasing the relati ve humidi ty and modulating temperature, thus fosteri ng effects for the 

recolonization of diverse nom and fauna (Legcssc egash. 20 I 0). 
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Figure 1. A theoretical mode l illustrat ing the uses of trees in improvi ng soil qua lity and thei r 

contribut ion to better livel ihood of people (A I" Al uminum; C- Carbon; CD=- Cow 

du ng; CR:::: Crop residues; GL- Gaseous losses; GM- Green manure ; IF= Inorganic 

fertilizer; LF= Litter fall ; MB"" Microbial biomass; N= itrogen; 1>= Phosphorous; 

SOM:::: Soil organic mailer; WHC" Water hold ing capaci ty), Asteri sks ind icate 

properties that can be used as min im um datasct in assessin g soil quali ty, according 

to Karlen el aI" ( 1997). rFor furthe r information, see Karlen el al., 1997: Soil 

Science Sociely 0/ America Jourl/al 6 1, on the article "soil quality: concept, 

de finit ion , and rramework for evaluation"] 



Similarl y. somc of the mcchanisms by which planted trccs foster regcneration of 

nativc flora and fauna inc lude: (i) provision of perches for vi si ting birds and n corridor for 

wildlife, whi ch are major seed and frui t dispcrs.11 agents (Parrotta el al .• 1997); ( ii) canopy 

shading, which improves thc microclimutic conditions of the forcst floor through a varicty 

of functions (moderat ing so il moi sturc, rcd ucing wind desiccation. moderllting air 

humidity, prot(,'Cting the emerging seedlings against strong direct sun radiati on and the 

consequcnt heat) (Kccnan el l ll., 1997; Tcsfo y Tcklay, 2005): (iii) improvement of the 

impovcrished and oOen nutrient-poor soils of degradcd lands by reducing bu lk density, 

increasi ng the av,l ilabil ity of nutrienls. and accumulati ng more organic material through 

litter fall and root turn-over (Lugo, 1992; Fi sher, 1995; TesfllY Tcklay, 2005); and (iv) 

suppress ing potentia lly competiti ve grasses Ihut are common to degraded open lands lind 

increasing the probabil ity of nati ve shade-demanding spec ies emerging. Therefore. 

establishment of nat ive forests not only reverses degradation of:t site (Fisher. 1995) but 

also creales a refuge for incoming seeds and emerging s('''Cdlings of native woody flom. 

2.7. Criteria for success 

In most situations an outcome OIl a particu lar site is said to be successfu l when the 

stated objective has been achieved wit hout compromising the environments and rights of 

other land users (Lamb and Gilmour. 2003). The situation is more complicated than it 

seems, however. Ju st how closely must the restored silc attributes match those of the 

target? Must it be a 100 per ce nt malch, or is 80 per ccnt sumcicT1 t to achieve "success',? 

And how can success be defincd in thc case of restoration projects involving complex 

mixes of bio logical, phys ical, socia l and economic outcomes? 

A number of poss ible criteria nrc available . These are nOl expressed as absolute 

numbers but rather as values relative 10 what migh t be cxpected if the site \\crc 

developing appropriately (Alief!. 1997). In each case an appropriate trigger for laking 
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remedia l action (c .g. rcplollting) will need to be dec ided (Berger. 1993). Three types of 

indicotors might be used to monitor ("'Cological trends: indicators f landscape stabili ty; 

program effic iency; and nex ibi li ty. 

Lwlt/scape stability 

The fi rst type of indicators re late to landscape sta bi lity. Apart from the most 

obvious indicator of all, whether or not the site is still subject to disturbances, cri teria 

include structu ra l clements such as the extent of plan t covcr or trec density. the heights of 

plants and the extent to which the comm uni ty is deve lopi ng an under-storey as we ll as an 

over-storey (Brown and Ewel, 1987). Some measure of the health or vi gour (i.e. growth 

rate) of these plants might be appropriate (Dobson el al .. 1997). 

The second componellt of stability involves the compos ition of the community, 

such as number, iden tity and abundance of various plant and ani mal species, including 

weeds and pest spec ies (Lamb and Gil mour, 2003). Determini ng the presence or absence 

of particular life forms (e.g. hcrbs, grasses, shru bs etc.) migh t al so be use fu l (Reay and 

Norton, 1999). A particularl y crucial indicator may be whether these various spec ies are 

reproduci ng ill sitll or whether they arc dependent on seed sources from outside. 

The third component of stabili ty involves indications that the new plant commun ity 

has developed appropriate functional responses and has stabil ized the so ils or improved 

the qua lity of water in streams drai ning the catehm cnt (Reay and Norton, 1999). In the 

case of restoration projects in volvi ng a production clement, some indicat ion of production 

results (yie ld) might be appropriate (Berger, 1993). 

Program efficie" cy 

The second ecological category of indicators measures the efficiency of the 

program. The efficiency detennines whether the new community is se lf-susta ining or is it 

sti ll dependent on supplements and inputs such as fe rtilizers or weed control (Hobbs and 
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Norton, 1996). Besides, the indicators a lso assess public involvcment and participation in 

program, income provided to community, decrcasing need for weed and pest con trol 

becnusc thesc are scarce or have been excl uded and decreasing need for irri gation (Reay 

and Norton, 1999). 

Flexibility 

Success migh t also be measured by the third category. flexibi lity, which indicates 

the capacity of the new system to be uscd for alternative, un foreseen purposes such as 

recreat ion, gathering herbs or mushrooms or prOiecling particular wi ld life spec ies (Lamb 

and Gi lmour, 2003). In add ition, the success using flexibil ity involves increasi ng kinds of 

al ternat ive land use possible, incrensing public ecological awareness (esp<.'C ially in 

chi ldren) and increas ing economic nc .~ibi l ily (Backes. 200 I). 

Sodo-ecOIlOlllic imlicutors 

Stnbi lity indicators rcve,d the extent to which human populations using the new 

forest nnd the lands surrounding it do so ill a sustaina ble way. If the hu man populations 

arc themse lves more or less slable and thc patterns of land use and food production are 

constant then the restoring landscape has a chance of be ing able to develop without 

further disturbances (Allen, 1997). A crucial clement for the success of any restorat ion 

program is whether the local commu nity is involved in its development or desires its 

success (Backes, 200 1). The extent to which the community continues to be acti ve ly 

involved in a project is thus an important indicator of its likeli hood of success. 

However, these indicators wi ll not be appropriate in all situations and morc 

specialized factors might be needed in certai n condi tions (Lamb and Gi lmour, 2003). 

Therefore,j udging restoration success must move beyond si ngle component comparisons 

10 a matrix of measurements that document the structural and functional rccovery of 

disturbed systems (Lamb and Gilmour. 2003). This synthetic approach incorporates 
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measures, called vital ecosystem attributes, of current and potcnlia l future plan t structure 

and function, fauna l re lationships, soil condition, water and nutrient availabili ty. and 

micro-symbiotic effectiveness to crealc a more inclusive piclUre of the recovering 

landscape (A llen, 1997). 

2.8. Measuring extcnt or landsc~l(lc restoration at CrTPBDE 

Can the extent of rest oral ion be measured at CITPBDE? Yes. it can be measured at 

different leve ls. One obv ious way is to observe temporal variations in bio logical stock 

(i.e., plants, anima ls, and microorganisms) of a given landscape. Out it can Illso be 

measured through periodic ana lyses of rcstorcd nutrient clements in the soil , incl uding 

organ ic carbon, N, P, K, Mg, COl, S, Fe. Mn, Zn, etc., as wel l as changes in biod iversi ty 

(number of spec ies and the cOllcomit,uH intcractions) of the landscape in question. 

Temporal increases in intcnsi ty and volume of stream andlor ri ver di scharges can a lso be 

used for measuring the degree of restoration (http://www,eth iopian-biodiversity­

restoration.orgiRestoration). 

But extent o f restoration can al so be measured through use of appropriate plant species 

that would serve as bioassay organisms. To thi s cfTect, a phrase ca lled " ReSlOr(lfiOll 

Bioassay" has been coined and has uscd C. arabica as a bioas5.1Y species. 

Co fTee plants arc se lected because of thei r sensitivity to di rect electromagnetic 

radiation (i.e., arc photoi nhibited, and therefore require shade from suitable indigenous 

trees such as Milleuia jerrugil/ca, Croton lIIacrostachyus and Acacia abyssil/ica) 

(DaMatta, 2004). They are also highly sensitive to moisture and nutrient deficits in the 

soil, temperature differential s o f the air and the soil environment, as we ll as to soil micro­

fauna and flora. On top of th is, cofTcc's contribution to the cconomic development of 

Eth iopia is critical (h up://www.elhiopian-biod ivcrsitv-restoration.QrglRestoration). 
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2.9. Bioassay 

Bioassay (commonl y used shorthand for biological assay), or biologica l 

standardizmion is a type of scientific experiment conducted to measure the clTeets of 

biotic and abiotic components, on enzymes, cells. tissues, li ving organi sm, microhabitats 

and environ ments (hit :I/www 1 wikipedia,QrUWikilBioassay). 

For env iron mental testing, bioassays provide an integrated picture of overa ll 

tox icity o f an cmucnt or a 5..1mple of water. sediment, or soil from a contaminated sile. 

The idea behind these hioassays is Ihm the test organ ism wil l react in a prcdictnblc way to 

various types of environmental contaminants. 

However, a new concept and phrase, ca lled "U.cslon llio ll Ui OlISSlIY" has been 

deve loped at CITPEIDE by Prof. Lcgcssc Ncgash, where restoration is measured through 

usc ofapprop ri atc plan t species that would scrve as bioassay organisms. To this effect, C. 

ara/)ica has been used as II bioassay species (hl1p ;llwww,cth iQpi:l !1 ~ biodivcrsity· 

restoration.org/Restorat ion). In this case, either qualitative (e.g. overa ll robustness) or 

quantitative (e.g. weight of produced coffee berries and/or beans) data of the bioassay 

plant may be uscd so as to detennine and evaluate extcnt of restoration. 
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2.10. Coffell lImbiclI L. 

2. 10.1. History, o rig ins :lnd slirclul of C. Imlbie" O\'cr I he " orld 

According to legend. the risc of coffee began in the )'car GOO wilh the discovery o f 

Arabicn co ffee (Smith. 1985: Tadcssc Woldcmariam el (11 .. 2002). The story goes that n 

goat herder by the name o f Kaldi was herding hi s goals in the mountain forests o f what is 

now cal led Ethiopia. Kaleli was having n nap and hi s goalS wandered off. When Knldi 

awoke hours later his gOats h:ld dis.1ppcarcd . Kn ldi panicked and went looking for his 

animals. When he linally found them, the strangest thing caught his eyes. II is goalS were 

very active, dancing on thei r hi nd·regs. Further investigation showed that they had been 

eating from a strange tree with red cherries. Kn ldi worried even morc now and was nfraid 

hi s goats might get sick after eati ng thc funny chcrries ( teiger e l oj .• 2002). 

[t took Kaldi quitc some timc. but fina[ ly he managed to gather his animals and 

takc them home. Ka ldi didn' t tell anythi ng to his paren ts. bu t the nC .~ t day whcll hc took 

hi s goats out, they im mediately went back to the salllc bush and started cating again! 

Kardi , seeing that the cherries didn' t seem to harm his goats, look some cherries as well. 

He noticed the elTeet immedia tely and felt energetic and very awake (Haarer. 1962)! 

Ka ldi look the cherries home and showed thcm to his parents. wh ich ga\le them to 

some of the monks in a nearby monastery (Steiger e l al. , 2002). The monks wcre \lery 

happy with Ihc strange berries, because chewi ng these kept them awake during long 

praying sessions. The monks started dryi ng the cherries so that they could be transported 

to di stant monasteries. '1l1ere the monks added water to the dried cherrics. ate the fruit and 

drank the liquid (Sm ith. 1985). 

After Kaldi discovered the berries. words about the refreshing berries spread 

through the Middle-East. offee berries moved from Ethiopia to the Arabian I)eni nsula 

and were culti vated in what is now ca lled Yemen. In Yemen the people used the skin of 
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the berry to make a sort of tea . It was not unt il it reached Turkey where people started to 

roast the coffee beans that coffee as we know it now was discovered (Steiger el al., 2002). 

During that tim e the Arabs tried 10 guard the secret of coffee. obody was allowed 

to travel with li ve coffee berries or beans. Only in roasted form was coffee allowed 10 be 

transported. Although com.'C was al ready available in roasted form in England and other 

European countries around 1640, live seeds and plants had yet to be SI.'C1l by non-Arabs 

(Chaparro e l 01., 2004). 

It was not until early 1700 that the Dutch managed to smuggle a coffee plant from 

Yemen and the world tnJly became famil iar wi th coffee. The Dutch introd uced it first in 

Java, Indonesia and from there it spread quickly (S tei ger e l a/.. 2002). CofTee houses 

quickly spread across Europe. becoming ccnters for jntcllt.."ClUal exchange . In the 1700's, 

coffee found its way to the Americas by means of a French infantry captain who nurtured 

one small plant on its long journey across the Atlantic (I-Iaarer, I 962). This single plant, 

transplanted to the Caribbea n Island of Martinique, became the predecessor of over 19 

mill ion trees on the island within 50 years. II was from this humble beginning that the 

coffee plant found its way to the rest of the tropical regions of South and Cen tral America 

(Smith, 1985). 

Today, coffee is a global industry employin g more than 20 million peop lc. It ranks 

second to petroleum in terms of worldwide trade. With over 400 billion cups consumed 

every year, coffee is the world's most popular beverage. Presently, coffee is grown in over 

80 countri es (http://www.en.wikiocdia.org/Wiki/CQffee) . 

2. 10,2. Taxonomy of C. lIrflbica 

According to stud ies based on morphologica l data coffee trees, tropical woody 

plants of the Rubiaceae arc classified into two genera (Bcrtlm ud and Charrier, 1988). 

These are the genus Coffea L, and Psilallt/llls 1·look f. The genus Psilalll/Ills includes 
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subgenera Pamcoffea and Pl'ilolllllllS (l'look f.), but the genus Coffea L. inc ludes two sub­

genera, Baracoffia and Coffea. The genus Coffea L, differs greatly in phenotypic features 

such as size, adaptat ion, habits ctc. and thus its taxonomic history was vcry dcbatable 

(Smith, 1985; Lashrclllcs el al.. 1997). Although the taxonomy is debatable and 

confusin g, different authors classify the genus CojJeo in terms of genera and sections. For 

the first time, Linnaells classified coffee tree as a separate gcnus Coffeo with the only one 

known species of C. arabica. More reccntly, Smith ( 1985) classified the Coffeo into four 

sections contain ing EllcojJea, Argo/ea, Ma.wrocoffea and ParacojJea. The first three 

sections of the genus Coffeo arc exclusivel y native to Africa, Madagascar and some 

adjacent islands. On the other hand, most representati ves of PamcojJeo arc indigenous to 

India, Malaysia, Ceylon and Sou theast Asia. The Ellcoffea is divided into fi ve 

subsections, ErythrocofJea, Nallocoffio Pacltycoffia, Melollocoffia all(/ Mo:a/llbicojJeo 

(Lashremes etal., 1997). TIle species of the subsections of £ lIcoffcO, the rai nforest taxa of 

tropica l fo rest, are typified by C. ambica which is confined to Ethiopia and the rain forest 

belt of the Congo River drainage of ccntral Africa and rai n forest areas of West Africa. 

More recentl y, however, combination of morpholog ical and molecular data set 

revealed Ihat Rubiaceae is en larged to encompass cleven genera. These include 

Argocoffeopsis, Belanopliora, Calycosipho f/ia, Coffea L., Diplospora, DiscoslJentlUm, 

Nos/olachma, PsilaIllJIII.~. 1hcalysia, Sericallllle, and Xan/Of/"ea (Dav is el al., 2007). 

Among these genera, the species of the genus Coffea is economically the most important. 

Out of Ihe 103 species of the genus Coffea current ly enumerated by Davis et al. , (2006), 

only three spec ies namely, Coffea arabica L., Coffea /iberica Hiern . Hiem, W.I). and 

CoJJea cGllephora Pierre ex A. Froehner belong to the subsection ErythrocofTea (Wrigley, 

1988) and are economically important (l)earl et 01., 2004). Out of these three species, C. 
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arabicl/ is by far the most important commercial species and is one of the world' s most 

important commodities (Vega ell/I .. 2003). 

Unl ike al l cofTee species that exhibit the characteristics of C] plants and arc diplo id 

with 22 chromosomes, Arabica cofTee is the only known autogamous (95%) a lloteraploid 

(2n=4X<r44) spec ies in the genus (Smi th, 1985; Lashermes ell/I., 1995). 

2. 11. Geographical distribution of C. arabicll 

2. 11.1. Nlltive range 

The natural habi tats of all Coffea species arc the understorey of African tropical 

forests, probably to the highlands of Ethiop ia . Many natural populations of C. l/rabicl/ are 

restricted to the highland forests of south-western Ethiopia, where the climate is 

considered subtropical, rainfa ll is high, and soi l pH is sligh lly ac idic ([3erthaud and 

Charrier, 1988) at a ltitudes of 1600-2800 Ill . The species occur in the montane ra inforest 

areas in Ethiopia and it is the only known center of origin and genelic diversity for Ihe 

hi ghland arabiea eofTee (Smith, 1985; Taye Kufa, 2012). It occurs as a mid-story spt'C ies 

in semi-open forest, rather than in dense tropica l rai nforest. 

The center of origin of C. arabica is geographically separated from a ll other centre 

of origi n of othe r species of cofTee. Distribut ion of wild C. ambico is on the opposite 

sides of the Great Rift Valley, which is south west of the Rift Valley and cast and south 

east of the Rift Valley (Ant hony el al., 200 1). In Ethiopia, the major coffee producing 

areas include: the adm in istrative zones of wcst Wellega, III ubabore, Ji ll1ma, Lekempli, 

Sheka-Kefa, Bench-Maji, Yayu, Anlillo, Sidamo, Gedco, west Harerge, Limu, Tepi and 

Bebeka (Tadesse Woldemariam and Fcyera Senbcta, 2008). Sma ll C. arabica populations 

from outside of Eth iopia were also reported, but are con fined on the Boma 1>lateaus of the 

Sudan and Mount Marsabit in orthcm Kenya (Smith, 1985; Friis, 1992). 
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Figure 2. Major coffee producing areas of Ethiopia. 

(Source: Oillp:llwww.en.wjkircdiu.orglWiki/ElhiQpia/Coffec).J 

2. 11.2. Current distributio n 

ColTee is currently grown as a major crop in tropica l and subtropica l regions of 

Africa (Ethiopia, Kenya, Tanzania, Uganda) and Asia (such as India. Thai land, Indonesia. 

and Vietnam); South and Central America, Papua New Guinea. the Cari bbean (e.g., 

Jama ica, Cuba, and Puerto Rico), and the Hawa iian Islands. 

ColTee can be found growing in two major growing regions thai (Ire distinguishable 

by their periodicity of seasonal growth. Countries like Kenya, Tanzan ia. and centra l 

Colombia have two cycles of shoot elongation and flowering occur annually. regulated by 

two distinct wet/dry cycles. Shoots grow slowly duri ng the cool/dry cyc le, suggesting an 

additional infl uence of temperature (Maestri and Barros, 1977). In addi tion. coffee 

producing countries like Ethiopia, India, Central America, Brazil and Hawai i possess a 

single cycle of vegetative and reproductive growth (Vasudeva and Rarnaiah, 1979). Shoot 

elongation coincides with increasing day length, the onset of a wet period after drought, 

and wanner temperatures, but the responses to these en vironmental factors interact and 

vary by region (C lowes and All ison, 1982). 



2. 12. Climll tic requ irements 

2. 12. 1. Ra in fa ll :IIHllemllenl lure 

Rai nfall requirements depend on the retention propert ies of the soil, atmospheric 

humidity and cloud cover, as well as cul ti vation practices. The opti mum annual rain fa ll 

range is 1200·1800 mm for C. arabica (A legre. 1959; Willson. 1999). Abundant min fnl l 

throughout the year is often responsible for scattered harvest li nd low yie lds. Lack of a dry 

period can a lso limit co nee cul tivation in lowlllnd tropica l regions (Maestri and Barros. 

1971). Precipi tation in excess of 2500 to 3000 mm begins \0 be delrimcnwt (Wrigley, 

1995). 

The opti mum mean annual temperature range for C. arabiclI is 18·2 1 OC (Alegre. 

1959). Above 23 °C, deve lopment and ripen ing of frui ts are IIccelermcci. often leadi ng 10 

loss of quality (DaMana and Ramal ho, 2006). Re lative ly high temperature (above 25 °C) 

during blossomi ng, especial ly if assoc iated wi th a prolonged dry season. may cause 

abortion o f nowcrs (Camargo, 1985) and growth impai rment (W illson, 1985). It should be 

noted, however, that selected cult ivars under intensive management condi tions have 

allowed C. arabica plantati ons to be spread to margina l regions with average 

temperatures as high as 24·25 °C, with satisfactory yields (DaMana and Rama lho, 2006). 

On the other hand, in regions wi th a mean annua l temperature be low 17 OC, growth is 

large ly depressed. Occurrence of frosts, even if sporadic, llIay strongly limi t the economic 

success of thc crop (DaMana and Rama lho, 2006) and leaves (Wil lson. 1985). 

2. 12.2. Humidity :lIId wind 

Air humidity has a significant impact on Ihe vegetative growth of the coffee tree. 

Hum idity plays a ro le in gove rning the loss of water or moisture by evap(Hranspirati on. 

When il is hi gh, loss of water is reduced and vice versa. Especially il is important during 

the dry season as high hu midity decreases the stress on the coffee trees thereby extending 
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the rnin less period through which the plants wi ll survivc wit hout damage (Dcmel TekeLaY, 

1999). Ambica cofTee successfully grows under less humid atmosphere, compamblc 10 

that of the Ethiop ian high lands (Haarer, 1958; Coste. 1992). 

Wind may have difTerent effects on the growth and yield o f Arnbicn cofTee. In 

coffee plantations subjected to large wi nd shears and advection. crop yie ld is usual ly 

depressed. Wind stress may lead to a reduction of leaf area and internode length of the 

ort hotrop ic and plagiolropic branches (DaMatta and Ramalho, 2006), in addition to 

severely damaging Icaves and buds and exacerbming shedding of developing flowers and 

frui ts (DaMatta el al. , 2004). I-I ot winds increase crop cvapotranspimtion and therefore the 

rai nfa ll (or irri gat ion) requiremcnts of the trees increase. Where strong wi nd is frequent. 

windbreaks o r shc lter trees arc to be recollllllcnded as both Illay improve crop 

performance. 

2. 12.3. Ught 

CofTec has evolved as a shade adapted spec ies, because it is nati ve to the forested 

Ethiopian highlands (Cannell, 1985). The photosyn thetic rate is more enicient in shade 

leaves (Wi llson, 1999). In thei r native habitats, arabica cofTee produces few flowers, as 

noral initiation is light dependent. This li mits the amount of fruits that a tree can produce. 

In hi gh light intensities, arabica cofTee trees produce greatcr number of flowcrs and thus 

cherries. As coffee can not shed excess fruit, the tree becomes cOlll mitted to fi lling these 

coffee beans, req uiri ng inputs such as mineral s and nut riellts greater than can be sourced 

(Willson, 1985). 
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2.13. Soil requirements 

Allhough Arabica COfTl'C loier-lles soil pll from 4 to 8. pi I of 5.2 10 6.2 is preferred. 

Good drai nage is essential, and soil lexlures lighler than clays are beSI (Willson, 1985). In 

fact it grows well in the clay-silcaceous soils of smnite as it docs on soils of volcanic 

origin wi th di vcrse cha racteristics or even on allu vial soils (Taye Kufa, 2006). Water 

holding capacity and depth arc the other two properties to be considered. Si nce it provides 

sufficient ava ilable water, higher water holding capacity helps to maintain evapo­

transpiration during dry season, while deep soils allow root prolifcnll ion by oITeri ng a 

larger vol ume of soil which contains more waler and nutrients :lro und the coffee trt..'Cs 

(Ocmel Teketay, 1999). Dcep soils arc especial ly nccessary in arcas whcre thcre is a long 

dry season coupled with lowcr rainfa ll. Arabica coffee can grow we ll on deep soil. Soils 

with high organic mailer and also ava ilable phosphonls (which is essential for shoot 

growth and lea f initiation) arc highly suitable (Tayc Kufa. 2006). 

2.14. Morphology or c. arabica 

2. 14.1. e ofTee stem, shool growth lind m:lturity 

Arabica cofTee is a perennial, C] undcrstory woody species, ranging in size from 

small shrubs to 16 meter talltrces (Wrigley, 1995). The species is we ll known by its two 

types of branches (Demel Tekctay, 1999; Taye Kufa, 2006); orthogeotropic which grow 

vertica lly and is commonly ca lled suckers, and plagiogcotropic branches which have 

different orientation angles in re lation to the main stem and arc commonly called 

primaries (Taye Kufu, 2006). Primary branches give rise 10 secondary branches, which in 

tum split to tertiary branchcs and that also branch to fonn quaternary branches (Wannc r, 

1964). The bark o f the species is light grey. thin, and becomes fi ssured and rough whcn 

old; and the wood is light-co lored, hard. heavy, and tough (Charrier and Berthaud, 1985). 
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The dimorphism of branches is highly fixed; the apicn l rneristelll of the main stem gives 

rise to the head-of-the-series bud which appears in the axil of the leaf primordium at the 

stern apex; the buds-of-the-series appear only after the formation of the genemti ve zone of 

the internode. The head-of-the series buds on the onhotropic bmnch grow out as a 

precoc ious, sylleptic, plagiotropic, first order bmnch (Clowes and Allison, 1982) and 

seem to be dctermined from the ti me of their inception in the apica l rneristem ( DaMntta 

e l al. , 2007). In the first and highcr order branches the vegetati ve apcx fonns the hcud-of­

the-series and buds-of-the-series in the leafaxils (Warmer. 1964). The former rarely gives 

rise to flowers, whereas the buds-o f-the-scries may give ri se, by prolepsis. to higher order 

shoots, develop into inflorescences or remain undifTerentiated (DliMana ef al., 2007). An 

interaction seems 10 c.xist between Ihe two primary Illeristcrns of the same onhotropic 

node that contro l the syll eptic rami ficati on and between the rneristems of the s..1nle node 

and the ne ighbouring ones. Regrouping secondary branches on certain first order branches 

and flora l axes on others llllly take plnce (DaMatta ef lIl., 2007). 

The arabica coffee plant enters into a reproductive stage in its third year of life, but 

plants do not reach fu ll lllaturity until their fifth or sixth year (Cambrony, 1992). Wild 

coffee plants fou nd in the montane forests of Ethiopia can re:lch 100 years or more, but 

genera lly arabica plants rema in economicall y productive for around ten years (Demel 

Teke'ay, 1999). 

Co fTee grows throughout the year, but growth and development vanes 

continuously due to temperatures, rai nfall and day length (Wrigley, 1988). In equatorial 

regions there may be one or two rainy seasons each year, respectively producing one or 

two blossoming and fruiting stages cach year. Therefore, in some countries there are two 

separate coffee harvests each year (Cannell, 1985). 
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2.14.2. u af morphology 

The leaves of Arabica coffee are simple with shon petioles and interpeliolar 

stipules; and arranged oppositely on stems and decussate, with success ive pai rs of leaves 

arising at 9QOangics from each other around the stem. lbc mature leaves are evergreen, 

glabrous, shiny and yellowish 10 dark green, and newly growing lea"es are brownish and 

shiny~ ovate to elli pti cal blades of 7- 20 cm long; 3- 7 cm wide (Wrigley, 1995); 

prominently veined with intervemaJ areas raised; wa\:)' and smooth wllh entire margin 

and acuminate ti ps at both ends (Gilman, 1999). Although some species lose their leaves 

at the start of th,;: dry season, others maintai n leaves fo r three or more years (Wrigley, 

1988). Moreover, on the lower surface of the leaves there are smal l cavities called 

domatia bul ging o ut on the upper surface of the lea,·es (Fikru Meko, 2005). According to 

Warmer (1964), the location, shape, size and constitution as well as the absence or 

presence of hair s around the opening of the leaf domatia and the presence or absence of 

stomata on the outermost cell layer of domatia have been used to di stinguish Coffea 

species and varienies 

Figure 3. Pictur,es representing different leaf colours: (I) a mature leafwilh deep green: 

(2) apical leaf pairs wi lh bro\\"nish~ and (3) young leaf with light green color of 

C. arabica. rPbolographed from fi , 'e-year-old (Right) and threc-rear-old (Lef1 ) 

C. arabica at ClTPBDE, Tulu-komUl.. J 
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2.14.3. Flowers li nd flowering 

Flowcrs of C. arabica arc white, fragrant, pleasant fragrant , profU5C. aggregates 

(i nOoresccnee). massed in thick clusters at leafaxils along the brunches. corolla has 5 

narrow lobes. longcr than the tu be. which is about I cm long (Darros el al .. 1978: Gi lman, 

1999). Although. self-fcnili zing, C. arabial fcn ilization benefits from insect polli nators 

such as bees (K li en el al. , 2002). The noral pariS arc pcntfullorous (5 pans); united sep.1 Is; 

5 linear pctals fu sed into a slender coro lla lube m their base; 5 stamens insened in the 

corolla tu be; long anthers on slender upright filaments; pistils wi th inferior. bicorpc llme 

ovary conta ining 2 ovu les and a shan style with 2 shan poimed stigmn (K lien el al .• 

2002). 

Coffcc nowering cmbraces a complex sequence of biochemical. physiologica l and 

morphologica l evenl s which arc alTcctcd by several factors such as tcmperuture, light. soil 

and ai r waler ava ilabi lity, carbon-la-nitrogen rutio, crop load and genotype (Barros el al., 

1 999). Unequal fruit ripeni ng is pmctica lly inevitable under natuml conditions because 

coffee blossoming in non-eq uatoria l regions as in south-celltra l Brazil occu rs at different 

times (e.g., from August to Novcmber in major I3mzilian coffee production areas), in two 

to four or morc gregarious and synchronized blossom periods (Klien el al., 2002). In 

addit ion to the tempora l and physiologica l hierarchy of nower bud initiation and 

differentiation wit hin each branch, and also among different nodes of the same 

plagiotropic bmnch (whi ch are strongly affected by environmen t-genotype interactions), 

the occurrence of sporadic and sometimes low-intensity rains during the latter phases of 

nower bud devel opment is believed to be one of the factors responsible for several 

blossom periods in arabica co ffee (Rena el al., 1994). 

Under natural cond itions, donnancy of nower buds is often broken by the fi rst 

rains in the season followi ng a dry period (Barros el aI., I 978). The timc between 
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breaking of the domlaOcy and anthes is may vary between four 10 ten days depend ing on 

temperature and atmospheri c humidity (Taye Kufa, 2006). The flower of C. arabica 

remains for two to four days, and the nower buds st3rt 10 wither and Its al l parts drop 

except the ovaries (DaM alta et al., 19(9). 

Figure 4. The flowering parts of C. arabica: (A) newly growing Flower buds; (13) flower 

buds about to blossom; and (C) blossom coffee flower. pne pictures were taken 

from CITPBDE. Tulu-korma I 

2.14.4. Fruits and fruil fOl'mation 

The fruit of coffee trees, known as co ffee berries or beans, range in Sil.e and co lour 

depend ing upon the species and stage of maturity. Fruit is dark red, ye llow, or pink when 

ripe, drying to dark brown, ovoid, fl eshy berry about 1.2- 1.6 em long, 1- 1.2 em in 

diameter, usually containing two seeds (Wrigley, 1995). 

While C. arabica is self-compatible, most, ifnot al l other coffee species are self­

sterile (DeMatta and Ramalho, 2006). Phillips ( 1970) observed little effecl on the initial 

fruit set in C. arabic-'O bushes caged with honey bee colonies, though the }~eld of mature 

berries Increased by 50 %. These results are suggestive ofa pollen grru n populauon elrect; 

as a large number of pollen grains germinal'e on the stigma and usually several pollen 

tubes grow ,\~thin the style (Raju el 01. , 1975). It is thus conccivable thaI ferti li llltion and 



initia l fruit sct arc not am:ctcd by thc degree of pollination. but funher retention of the 

frui ts has SOIllC re lation with the number of gentlinated pollen grains. 

Several factors affect fruit set in coffee including both leaf (Phillips. 1970) and 

nower (Raju el al .. 1975) number on the branch. carbohydrate supply (Can nell . 197 1) and 

nower atrophy (Hux ley and Ismail, 1969). Apan from any effcct of noral atrophy, frui tS 

will not develop if a viable cmbryo sac is not fanned, polli nat ion does not occur or, after 

polli nation, if thc normal proccss of ferti li sation is am.'Ctcd in any way (Huxley and 

Ismai l, 1969; Klc in el al. , 2002). Fruit sct is also affected by environmenta l factors such 

as heavy ra ins both during nower expansion and :u anthesis (Awatramani and 

Satyanarayana, 1973), minera l nutrition. and sudden tcmperature drops (Barrosc el 01 .• 

1999). In addition to varying with spec ics and cu ltivars (Srinivas.11l. 1972). frui t sct also 

depends on the flowcr position on the plant (l3arrosc el {II .. 1999}: the hi gher the branch 

position the greater the percentage of fruit scI. 

TIle dcvelopmental stages for coffee fruit aficr fenili zation have becn rccogniz.cd 

differently and it is su mmari zed as fol lows (Clowcs, 1977; Cannell, 1985; Barros ef (I/., 

1999): 

( I) The pinhead stage, which spreads over the fi rst 6 to 10 weeks after blossoming, 

when growth is negligible. Fruits at thi s stage cannot be rcgarded as dormant. since they 

have a high respiration ratc. Growth of the pcricarp and secds is mostly by cell division 

instead of by cell expansion. 

(2) The second phase, the rapid swelling stage, lasts abou t 10 weeks. somcwhere 

from the sixth to the 17th week of deve lopmcnt ; fruits increase rapidly in size and fresh 

mass. The expansion of the integument sets the maximum siz.e oflhe bean. Cell expansion 

predominates by the end of this stage. 
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(3) nlC stage of sllspended and slow growth lasts approx imately 1\\ 0 \\ccks. \,hen 

the final size of the fruit is attained, but its dry matter is still low. 

(4) In the endosperm filling stage. from approximate ly the 17111 to 28th "eeks. dry 

matter increases regularly, with litt le change in fresh Ill ass. Dry matter is deposited mai nly 

in the beans (seeds), which reach thei r final dry mass when the fruit is still grecn. 

Maturity of the beans becomes complete when not only their maximum dry mat ter content 

is reached, but max imum germi nat ion capacity as well. 

(5) During the last stage of development, the ripe slage, changes occur mostly in 

the pericarp, which increases in size and fresh und dry muss. and becomcs red or yellow. 

Ripen ing may spread over'l period of about 10 weeks. from the 24th to the 34111 week from 

blossomi ng. It must be added that while the whole fruit may still acculIlulate dry mass the 

seed may lose dry mass Ollce matured. ir it remains attached for a longer time to lhe 

mother plant (Clowes, 1977). Loss of seed dry mass may be due to interruption of the 

translocation of photo ass imilates from the fruit to the seed. seed deterioration and 

substrate consumption by rcspiration. In fact. rcspir'<.Ition of the pulp increases during 

ripening, as does the sugar content (Eira el 01., 2006). 

The growth pattern of C. arabica frui ts has been described ei ther as following a 

double sigmoid-shaped curve (Geromel el af. , 2006), or an approx imately linear curve 

(Cunha, 2007). In any case, the gro\'1h pallem may "ary with a number of factors 

including environmental conditions, characteristics used to measure fruit growth (e.g. 

length , diameter, volume, fresh and dry mass etc.), fruit component JXIr1S (whole fruit, 

seed or embryos), sampling frequency, stat istical models and coffee species, variety or 

even clones (Ronchi el (1/. , 2006). 
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Figure 5. Stages on the development of coffee berries. (A) coffee flowering, (8 ) 

pinhead stage (size of pinheads is around 2-4mm); (C) rapid swellinA staAe, 

(D) suspended and slow growth stage; (E) endosperm filling stage; and (F) 

ripening stage. [Photographed in different lime of the study al CITPBOE, 

Tulu-korma.] 
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The coffee beans or seeds arc contained within the fruils of the cofTce tree. which 

at maturity turn red and arc thus re ferred to as cofTee cherriesf berries. There are typically 

twO seeds per cofree berry pac ked with the Oat end facing each OI her, bu t Ihm is nOI 

always the casc. A spec ial casc which is com mon is ca lled pea berry which is It single 

seed (Barros el al., 1999). But, there can be more than IWO in a coffee berry a lso (Ilarros 

e/ of., \999). 

The outer skin (ex-ocarp) of the cofTee berry is generally lough and can wi thstand 

handl in g. The inne.r pu lp (mesocarp) of Ihe cofT< .. "C berry is generally mushy (E im el al .• 

2006). In a few types o f co fTee plants, the pulp is more val uable Ihan the bean itse lf. This 

is becausc the conce berry pulp has high sugar contenl and con be ferm ented making 

cofTee liquor or a tea made from the pulp. The cofTee berry parc hment (endoca rp) she tt is 

fair ly tough. Thi s is taken off in the lasl cofTee bean processing stuge. However, the 

cofTee silver skin is SO thin and attac hed SO well it lends 10 stay wit h the eofTee bean right 

up to roasting. Whl!n roasted, the silver skin can, and usually docs, cl1lck o fT the colTee 

bean. The s il ver skin cracks offbccause it docs not e .... pand like the inner cofTee bean docs 

when roasted (Barros ef al., 1999). 

2. 14.S. Roots 

The main part o f the root system of an arabica eofTee tree is genera lly conce ntrated 

in the first 0.30 III layer from the so il surface and di stributed in a circle o f about 1.50 m in 

diameter around the trunk (Huxley and Turk, 1976). The root system of ambiea coffee 

species is highly plastic and its distribution and length are also age-depe ndcllt, in ndd ition 

to varying with pla nting density, genotypes, soi l chametcristics, cu ll uml prnctiees, and 

weed competition (Ronchi ef al., 2006). Root growth of arabiea co m."C varies markedly in 

the so il profile as we ll as a long the seasons (DaMata el al .. 2007). In Kenya, fo llowing a 
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long dry period. a re latively greater growth of roolS was observed bch\ Cen 0.45 m and 

0.75 m from so il surfhce and nearby the main trunk. Afte r a rai nfall. however. Ihe greateSI 

growlh was found in the soil surface al 0.70 m from the trunk. nle growth of tile rootS is 

thus seasonal and often precedes the stan of shoot growth (Huxley and Turk. 1976). 

Thc movement of assimi lates towards the Inmk-rOOI system increased when the 

shoot grov.rth was depressed, which might Icad 10 an increase in the root growth (Cannell 

and Huxley. 1969). Duri ng the Kenyan hOI dry season (January-February). dry mallcr of 

all the vegetative parts of the arabica coffee trees increased negligibly with the exception 

of the rootlets less than 3.0 mm in diameter (Cannell , 197 1). At the beginning of the 

Long-Ra ins period in Kenya (February-March), when shoot growth was high, some 

growth of the rootlets sti ll occurred, but roots thicker than 3.0 mm practica lly ceased 

growing. 

A 

B 

Figure 6. Mature rool morphology of C. orabica: (A) surface root (10-25 em); and (0 ) 

dee~ root (70-90 cm). [Source: (hllp:/Iwww.en.wik ipcdia.orWWiki/ColTcs).] 
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2.15. Photosynthesis, stomatal act ivity and photo- inhibition in C. arabica 

2. 15. 1. Photosy nth esis :lnd stomal.1i acthrity 

Arabica co ffee trce has low rates ofnci ~ assi milation (A), Iypi alty in the ronge 

of 4-1 1 mlllo l m'2 S· I with current natural atmospheric O2 concentration and saturating 

light, which is in thc lower range recorded for Irees (CeulenulIIs ond augier. 1993). 

Values for A have been averaged at 7.2 Ilillolm'2 S· I, and maxi mum stomatal conductmlce 

at 108 J,.llnol m 'l S·I , for arabica coHce. The photosymhetic capacity for . lIrabiclI. 

determined undcr sa.turatin g li ght and CO2 (- 5 kPa), reaches values os high as 30-40 lunol 

m·2 
S· I (S il va et al., 2004). The low values of i" situ A has been associated wi th difTusive 

(stomata l and rnesophyll), ralher than biochemical, lim itations to photosynthesis (DaMolto 

el al., 200 1). 

For single lea ves, the saturating irradiance is re lati ve ly low, mnging from about 

300 to 600-700 Illllo l photons Jll.l S· I, with shade leaves showing the lowest va lues (F:lhl 

et al., 1994). However, because many leaves are part ly to deeply shaded within the coffee 

canopy. with leaves in the interior of the crown of ad ult cofTee tn.'CS receiving as lillie as 

1.5% of full solar radiation, it may be suggested Ilwt canopy photosynthesis would be 

saturated at irradiances considerably higher than 600-700 IUllol photon m·2 S·l (DaMalla, 

2004). 

Coffee plant exposition to high irradiance can seriously impact on its pcrfonnancc 

by limiting photosynthes is, resulting in reduced net carbon gain and plant growth 

(Almeida and Maestri , 1997). When the light intensity is too high. there wi ll be 

inadequate reaction cente r in the leaves of the crop to accommodme the light energy and 

convert it into bioche mical energy. As a result, the coffee tree excessively photorcspires 

and eventually most of the storcd carbohydrates become depletcd . Consequently, the tree 
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may sufTer from a seri olls die-back. Besides. excessivc cvopo-lrnnspirntion and 5e\crc 

drought stress, death of act ively growing shoot parts. seasonal crink ling of Icavcs. frost 

damage and subsequent yield red uction are common problems obscn'cd in unshndL-d 

coffee orchards (Wrigley, 1995). 

In as much as stomatal aperture is not limiting, A (net assimilation) offield-grown 

cofTee trees appears to be hi gher in sun than in shade leaves (DaM 0110. 2004). lomma 

typically close early in the morning in coffee trees. with stomata l conductnncc reaching 

va lues as low as 10-20 mmol nf2 S·I during the afternoon (Ronq uim cl lIl .• 2006). Th is has 

been attributed to strong stomatal sensitivity to increasing vapour pressure deficit as thc 

day progresses (DaMalla and Ramalho, 2006: Van Kunten and Vaast. 2006) which wou ld 

large ly constrain the CO2 innux into leaves, thus limiting photosynthesis part iculn rly in 

the afternoon. According to Ronquim el lll., (2006), ambica coffee leaves would increase 

their A integrated over the course of the day by three times if the morn ing photosynthetic 

photon nux (800-1 I 00 ~uno l m·2 S·l ) and air vapour pressure deficit (0.5-2.5 klla), such as 

occurs on a cloudy day in the wet scason in south -eastern Brazi l, could be mnintained 

throughout the day. Decreases in A in the afternoon havc been assoc iah .. -d with stomatal 

closure (Ronqu im el 01., 2006) and also circumstantially with photo inhibition of 

photosynthesis and feedback inh ibition coupled to an accumulation of so luble sugars in 

coffee leaves (Ronquim el al. , 2006). In contrast, compell ing evidence has been prcscntL-d 

that diurna l changes of A, assessed on cloudless days in field-grown arabica coffee trees, 

were unrelated to both photo inhibition (DaMatta el 01., 2008) and dirL'Ct end product 

mediated feedback down-regulation of photosynthesis (Almeida and Maeslri, 1997; Van 

Kanten and Vaast, 2006) but rather, they were rcl:ued 10 slomatal closure. 
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2.1 5.2. Pholo-i nhi bilion 

Among the ma ny environm cntal factors, li ght is perhaps the 1I10st innuential factor 

involved in Ihe surviva l, growlh and rcproduction of tropical species. Light responses 

usua lly provoke physiological alterations. which are detentlinant for CO2 assimi lation nnd 

optim ization of gas exchange (Goncal ves el al. , 2007). Environments that arc either 

shaded or undcr hi gh irradiance light can inhibit the photosynthesis processes simply 

because therc is too lillie or too much light (A lmeida and Mnestri. 1997). Although . 

arabica is sa id to be shade loving plant, it thri ves best in moderate shading (Vaast el (II .• 

2006). Excessive shading by upper two 10 three cOllopy Strain of various trce species 

under forest env ironment is reported to reduce the growth and productivi ty of the cofTec 

plant (DaMana, 2004). In such conditions. the plant spends much of its phot synthetic 

activities for maintenance purposes resulting in lower whole-tree carbon nss irni lat ion. 

Heavy shading due to light intercept ion by the upper straw can result in increased 

competition for tight for phOiosYllthesis wh ich, in turn, leads to undesirable growth of 

single stemmed coffee trees with thin and reduced rcproductive efficiency (Gonca lves et 

af., 2007). Moreover, coffee producti vity considerabl y decreases as a result of dcath of 

heavily shaded producti ve middle and bottom primary branches which is ind uced by dark 

respiration (A lmeida nnd Maestri, 1997). Dense shading also results in reduced coffee 

fruit load through thei r effects on coffee physiology. such as longer internodes, fewer 

nodes formed per branch and nower buds at existing nodes (DaMono, el (II. , 2007). 

Because the fruit load is the key component of coffee production. its reduction resul ts in 

decreased producti vity (DaMana el al., 2007). The study of Voast el (II .. (2006) showed 

that a rather dense shade level of45% reduced the productivity of trees by only 18% over 

three consecuti ve production cycle in optimal ecological conditions for cofTee growth. 

Temporary shading has also been adopted for young coffee plnntntions for protcction 

against frost, as that obtained with the use of shelter shrubs such as pigeon pea (Caj(ltllLf 
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caj{m) (DaMatta and Ramal ho. 2006) and also in imercropping syStems with fast gro\\ ing 

trees to increase ground cover and maxi mize the efficiency mte of nutricllI and wat cr 

utilization during the juvenile phase of the coffee crop (DaMana et al .• 2001) 

Shade-grown coffee has become a well-recognized trend which is often defined 

with terms such as "sustai nable coffee" and "environmentAlly friendly coffcc", In line 

with this, the use of shelter for coffee plantations can be Alloned in to sustainable 

production, ecologica l sustai nabi lity and leve l and qua lity of input AVAi lable to improve 

the env ironment fo r the co ffee tree (Almeida and Maestri . 1991). 

2.J6. Ca ffeine in C. arabic(l 

Caffei ne ( 1,3,7-lrimethylxaTlthine) is an alkalo id of the methybcanthine fa mily 

known as a cen tra l nervous systcm stimu lant through it s adenosine 31l1agoni st aClion 

(Eggers et 01. , 200 I). Caffeine is naturally found in the leaves. seeds and/or fnlits of at 

least 63 plant species worldwi de. The most commonly known sources of caffeinc arc 

coffee, eocoa beans, kola nuts and tea leaves (Barone and Robcns, 1996), offec beans 

contain between 0.8 and 2.8% caffeine, depend ing on slX'C ies and origin, and it 

contributes to 10 to 30% of the bitter taste of coffee brews (Eggers et lIf .• 200 1). The 

amount of ca ffeine in coffee beverage varies depending upon the serving sizc. the type of 

product, and brewing method (Alves el ai" 2007). 

o el'IJ H)e1J=il; 
o N N 

I ell) 
Figure 7. Mo lecu lar structure of ca ffeine (1 ,3, 7-trimcthylxanthinc) ind icating carbox)lic 

and mcthyl group. 
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Based on the data reviewed (Dorea and Cosla 2005) I 'd ' I . I . • I lot CP' cnllO oglca lind 

experimenta l studies have shown positive effects of TC" I W d ' k' . 
6U ar co. ICC nn ' lOg on VBrlOUS 

aspects of hea lth, such as psychoactive responses (a lenness ood I ) I ' I ' . III C lUnge. neuro oglco 

condi tion (infant hyperacti vity, I'arkinson's disease). metabolic disorders (diabetes. 

gallstones), and gonad and live r function. However, high doses may produce negative 

effects in some sensitive individuals, including anxicly, tachycardin and insomnia (Barone 

and Roberts, [996). Alves el al., (2007) recommended upper li mits of caffeine for hea lthy 

adul ts be low 300-500 Illg daily, pregnant women must Slay be low 150-200 illS dai ly nod 

children should stay below 50 Illg dai ly. Amounts exceeding 700 mill igmms of Cllffcinc 

can be dangerous. 

2.17. Coffee production systems in Et hio(J i:1 

The product ion systems of C. arabica in Eth iol)ia are mninly grouped into four 

categories. These are forest conce, scmi-forest coffee. garden coffcc and plantation 

(Demel Teketay, 1999; Tndesse Woldcmaria1ll ef 01., 2002). 

2.1 7. 1. Fo res t coffee 

The forest coffee also referred to as wild coffce, :lIld is a self- sown and grown in 

natural fores t. In thi s system, coffee is produced in its natural habitat by collecting coffee 

berries where the forest biOdi versity is maintni ncd. In forest coffee production system, 

there is no human intervention for coffee management to improve coffee production and 

coffee also regenerates in its natura l forest. Forcst coffee accounts for about 10% of 

Ethiopian tota l coffee lands and 5-6% of the total coffee production of the country (Demel 

Teketay el oJ., 1998). Forest coffee areas are largely located in South-Western parts of the 

country which is the center of origin for C. arobica (Tadessc Woldernariam and Feycra 

Senbeta, 2008). Some of these arcas incl ude the admi nistrative zones of West Wcllega, 

Illubabor, Shcka-Kcfa, Bench-Maji, Voyu and Antillo. 
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2.1 7.2. Semi-forcsi coffee 

In the semi-forest coffee production system. also referred to as semi-wild coffee. 

the coffee berries are picked and collected from nalUrally grown coffee trees as in the 

forest coffee. However, therc is human illlcrvcntion in the coffee managcment by clenring 

competing under story trees and shmbs regularly in order to improve production of the 

wi ld coffee. II is the main production system in south west and oUlh-East part of the 

country. Semi-forest coffee production system represents about 24% of the total land 

covered by cotTcc and accounts for about 20% of total Ethiopian coffee production. This 

production systcm is also found in thc south and Soulh-Wcstcrn parts of the count ry; 

including lIubabor, Jimma, KctTa-Sheka, Ocnchi-Maji and West Wellcga zones (Arega 

Zeru, 2006). Gencra lly, the two production systcms togethcr reprcsent about 34% f thc 

land covered by coffee and 25% of the allnual coffee prod uction in the country. 

2.17.3. Ga rde ll coffee 

Someti mes garden coffee production system is referred to as smull holder coffee. 

which is produced in plots of varying sizes around dwellings. In this system, coffee is 

pl anted and managed in thc farmer's backyard within small arc:1 (Volkmann. 2008). ' niC 

coffee is planted at low densities. ranging from 1.000 to 1.800 trees per hectare, is mostly 

fcrt ilized with organic waste and is intercropped with other crops. Demel Teketay (1999) 

reported that it accounts for about 35% ofthc lo.tal production systcm of the country. It is 

mainly found in Southern and Eastern parts of the country; idamo. Gedeo. West Harcrge 

and West We ll cga (Arega Zeru, 2006). 

2.17.4. Plant:ltiOIl coffee 

Plan tation cofTee includes thai grown on plantations owned by private coffee 

farmers or the government on a large scalc and Sollle well-managed smallholder corree 

farnls. In this production systcm, recommended seed lings are used, and proper spacing. 
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mu lchi ng, manuring, weeding and prun ing arc practiced . It is \\ell managed. representing 

about 15% of the total cofTce productions. On ly statc-()\\ned planuuions use chem ica l 

fertilizers and herbicidcs. They arc intensified plantat ions [! und in Lim u. Tepi and 

Bebeka (Arega Zeru, 2006). 

2. 18. Economic, ecologic .. 1 and cult ll r:l l im porlance of coffee 

2.18.1 . Ecollomic im porllillce 

The contribution of cofTee to export market and foreign currency earning is vcry 

high for Ethiopia. According to Arega Zeru (2006), coffee contributes about 10% and 5% 

of govern ment revcnues and gross domestic product. rcspectivcly. Besides, about 25% of 

Ethiopia's popu lations a lso depend on co ffee for thei r li ve lihood (Tadessc Woldcmnriam, 

2003). It can be sa. id that, no othcr product or serv ice in Ethiopia has earned high labor 

intensive tree crop and provide rnllch employment in ruml areas and n mcu ns of liv ing for 

many mill ions of people in Eth iopia. Moreover, being an important export c mmodi ty. 

coffee plays a vita l ro le or has trcmendous impact on both social and spiritua l life of the 

people in different geographi cal locat ion and cultural b:lckgrounds of the country. 

2. 18.2. Ecologic:II im porlanee 

As an exotic species in the I ew World forests. com .. "e has had a ge ntle impact on 

biodiversity and contributes to wild life food and cover, and soil stabili ty. The wood is 

used ma inly for fue l in the New World. but is I.umed into chairs and other types of 

furniture in Africa (Cheney, 1925). Coffee is \I good honey plant and yields alight colour 

honey (Center fo r New Crops and Plants Products, 1996). ofTcc berries., ed ible and 

slightly sweet, arc eaten occasionally by children and fie ld workers. TIle fruit pulp. which 

is removed during processing, is sometimes fed to li vestock but morc oOen is compostcd 

for fertilizer and mu lch (Center for New Crops and Plants Products. 1996). 
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2.18.3. Uses :\s stimul a nts 

o rree seeds ha ve been chewed as a stimulant in East A frica from Bncicllt timcs 

(Center for New Crops and Plants Products, 1996). nle hot drink "coffee" is brc\\ cd from 

the roasted and ground seeds (or "beans'') and is onc of the world' s most popular 

beverages. It is used to na vour candi'.!s, liquors, and pastries. Probably the principal 

reason for its popu larity is the addictive stimulant alka loid. ca ffeinc (1.3,7-

trimethylxanth ine) (Fig. 7), 1. 1 to 1.3 percent in the beans. but varying greatly in lhe 

beverage due to different brewi ng practices. The allmloid is present in the leaf at 0.30 

percent, twig, 0.04 percent, stem 0.0 1 percent, and central root, 0.01 percent . Ot her 

chemica ls such as a lka loids, xanthine, gu:ltline, and trigonell ine. which have sti ll1ul ant and 

diuretic properties, arc a lso present ( l3urk ill, 1997). Caffe ine protects vegetat ive plum 

parts from insect and fu ngal attack and inhibits the growth of plants and bacteria ncar 

germinating seeds (Cheney, 1925). Purified caffei ne is wide ly sold as a lI1edicinal 

sti mulant, die tary aid, and headache fCmedy. 

2. 18.4. Cultura l importllll cC 

Leaf poultices arc used to treat sores in Trinidad. and root sap or root infusions are 

drunk to rel ieve scorpion stings (l3urk il l, 1997): Coffee is also employed in folk medicine 

to treat asthma, Ou, headache. jaundice, nephrosis, malaria, sores, and ven igo (Center ror 

New Crops and Plants Prod ucts, 1996). 
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CHAPTER TItREE 

3. MATERIALS AND METHODS 

3. 1. The study site 

The study was conducted at the "Centre for Indigenous Trees l'r0l>:lg:l lioli a nd 

Biodive rsity Devc.)opmcnt in Ethiopia" established on 10 July 2004 by Professor 

Lcgesse Ncgash. Located over a degraded landscape, the center is found in a locality 

called Tul u-Karma (Ejerc Wercda, West Shewn Zone, Oromia Regional Government 

09°01 '1 88" N; 038°2 1'566" E, 2, I76m a.s. l. and 51-55 Km west of Addis Ababa). The 

major objecti ve of the center is 10 restore nati ve trees, shrubs, herbs and grosses, ns well 

as keystone natural resources including waler. soils and biodiversity. 

The rainfall pattern of the area is bimoda l wi th ' Iinle' rainy season with I 140mm 

mean an nual rainfal l and annual minimum and maximum temperature or 80 C and 260 

respective ly. The sojl type is Vertisol on the lower slope and Nitosol on the upper slope. 

Before the start of restoration acti vities back in 2004, the area was degr'Jded, with 

much or the vege tation removed and the soil impoveri shed. But soon aner the 

establi shmen t of the center, native trees such as Juniperus procera, Podocl/rplIsj(IIclIIIIS, 

Mil/ellia /eruginea, Olea ellropaea subsp. clIJpidafll, Acacia aby.rJill ica, Acacia .re)'l/I. 

Faidherbia a/bidda, Vernonia amygdalin, AllophyllllJ abysJiniclIJ, Dov)'a/is caJ!ra, 

Dovyalis abyssinica, A/bizia schimperiana, PrwlIIs a/ricalla, Sy:ygillm guilleeme were 

planted and successfully established . Also, keystone tree species such as Ficus \~rufll. 

Ficus sycomor/lS subsp. sycolllorlls, FiclIJ J),comorlls subsp. gllapha!oca'1x 1. and Ficlls 

sur were established. Natural regeneration or nati ve shrubs such as Carissa Jpinarllm, 

Maytenlls arbulifolia , Osyris qlladriparila, and Rllmex nen 'OSllS, as well as dive~ 

number of herb species including Achyrolllhes aspera, Bidens ghedoensis, 

Crassocepha!1I111 sarcobasis, Hygrophi!a allriclI!alll, and Scadoxlls IIIl1ltijlorlls occurred 
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follow ing establi shment of native trees and protection of the area, Grass species su h as 

AlIdropogon schirenis, Pe"n;~'elllm setacellfll and Arthraxol/ miCOIU' "cre also the pan of 

the site that is being restored. As a result ofthesc conditions. establishment of . ambica 

became evident. 

For measuring extent and success of restorat ion, the center developed a new 

concept known as " Restoration Bioassay" where coffee plams were used as a bioassay 

organism. 
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Study si1e 

• • 
Figure 8. Pi ctu res representing: (A) map of Et hiopia (2.63·15 .56 N; 32.49.-48 .85 E) 

(Reproduced from Tesfay Tek lay, 2005); and (13) location of the study site (9
0 

0 1' 

00" N; 38° 22' 00" E). [Source: htt :lIwww. lnllin truin.colll/Ethio i. 110 konna J 
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3.2. Plant material and experimental design 

nle study was conducted durinu the month rOc be 
f> SO 10 riO 1Brch 20 12113 with 

five, four and three-year-old plants of C. orabica \V 'th' h d . 
. I In I C Siu y area IWO spots with 

restored vegetation containing young C. arabiclI were ·d· , ·1· d TI ~ I en I Ie . Ie COl lec trees were 

planted random ly under the shade of C. macrO!>J/(Jch"Il~' A b I · '/ fi . 
J , . a yss mea, /,' . errugmea, p. 

fi,lcallls and E. divinorum, over a tOlal area of 495 m2 giving a tree popu lation of 

approxi mately 176. 

Based on soi l type, shade arrangement and slope, the study sile wos divided in 10 

twO sub-sites ca lled site I and site n . 

Table 2. DifTerence between the restoring study sites (site I and s ite II) based all slope, 

shade and so il type. 

Majo r s ite description Site I Site II 

Slope 31 % 12% 

Shade Did not overlap Mu lt iple shade 

Soil type Nitosol Vertisol 

Sile I: It was situated with in the restoring area of CITPBDE office and categorized 

into four blocks depending on the shade: C. macrostachYlIs, A. abysl'illica, E. divillol"llm 

and less restored/open sun blocks. Based on age. the coffee plants were grouped into two, 

i.c. three·year·old peA) and five·year.ald (SeA) c. orabica plants. 

A total of 78 three·year.ald C. ambica plants were selected and 24 of these were 

systematically selected for the vegetative growth measurement under three shade levels 

(c. macrOSlocliyus shade. A. abyssillica shadc, and E. divil/ormll shade). The selected 
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plants were then tagged as 3CAl, 3CA1, 3CA) up to 3CAH for monthly measuremems 

starting from October 20 12 to March 20 13. 

In total, 74 five-year-old coffee plants were selected and 32 of these were 

systematicall Y selected under the four shade levels of (c. macroj-uJClty"s shade, A 

abyssil1iCO shade, E. diYillOTlim shade and open-sun light conditions) for use in the berry 

and bean measurements: These plants were permanently marked as 5CAI, CAl, 5CAJ up 

to SCAJl for use in the monthly measurements over the study period. 

In addition, the 3CA plants were subjected to three treatment s (c. mocrosfllchYII.f 

shade, A. obyssillicll shade. and E. diYillOTlim shade) in which 24 plaT1l s (eigh t replica te 

per treatment) were randomly selected for vegetative data coll ection. Simi larly, the 2 

rando mly selected 5CA plants were subjected to four treatment s (G. mllcrrutachy" S shade, 

A. obyssillica shade, £. divillorllm shade and open-sun light conditions) and eight 

replicate per treatment were used for berry and bean data collection. 

Figure 9. C. arabica growing: under the shade of (A) c. macr05lochJ'lts, (8) P-

. . d (D) open sun [Partial view o f the coffee 
divilloTllm; (C) A. abysslluco; an on . 

plants and soi l surface, photographed from Sile 1.1 
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Site U: It was situated within the main researeh and restoring site of ITPI3 DE. In 

addition, it is assigned as fourth block without any classificat ion of the site for its 

sim ilari ty in multip le·shade (a combined shade of }d. ferrtlginetl. P. ItllcOIIIS, C. 

mocrosrachYlis and A. obyssinica). 

A tota l of 24 four·year-old C. arabica plants were systematica lly selected for 

flower induction under the multiple shades of M. fe rrugillea, P. fa/calliS, C. 

macroslacliyus and A. abyssinica. They were tagged as 4CA I, 4CA2, 4CA) up to 4CA24 

for month ly GA3 treatment. In addition, the coffee plants were subjected to A) 

treatments (300 mg 1--
1 

GAl, 250 mg rl GA3 and 100 mg rl GAl) and control with double 

distilled water starti ng from October to December 201 2, where the first bud deve lopment 

observed. The 24 plants (six repl icate per treatment) were randomly selected for flower 

induction. At each site (site J and site II), fa rm ing husband ry was carried out ill 

accordance with standard procedures of Mwangi (1983). 

3.3. Data collection 

3.3.1. Vegetative growth meas urement 

The vegetat ive development of the three-year-old coffee pl ants was evaluated all 

the four plagiotropic branches per tree. The branches were situated on the middle third of 

the trees, oriented to the north, south, east and west directions. On these branches the 

num ber of nodes (NN), inter-node length (lL) and number of leaves (NL) were counted. 

Where as area of each leaf (length and width) and branch leaf areas (OLA), of the selected 

branch were also me:asured based on the fonnula found out following the works of 

Tavares·Junior et a/., (2002) and Catalina el 01. , (2010). 

The area of each leaf was calcu lated from the area of the rectangle dctenni ned by the leaf 

dimensions, adjusted by the equation: 
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c- y/ x 

Where c= coe fficient index value 

y ==- actualteaf area (cm2) and 

X= est imated leaf area (em:!) 

The coefficient index (e) fo r determining leaf area was calculated by dividing the 

actual leaf area by estimated leaf area. The actual leaf area (V) were found Qut, fi rst by 

collecti ng 15 leaves from the study site which can represent all the leaves deve loped on 

the ptagiotropic branches of the coffee plants, and pl aced on a square paper where the 

area of one square accounts 0.25 cm2 
. Then the area that all the leaves cover on the 

square paper was counted and recorded. Where as the estimated leaf area (X) of the s..'lmc 

leaves were obtained by measuring and multiplying the length and width of each leaf 

collected. The mean va lues fo r the actual and estimated leaf area of the 15 Icaves were 

calcu lated and the coefficient index obtained. 

However, instead of cutting the leaves from the coffce plants and mcasure the area, 

it was poss ible to determ ine the leaf area (Y) simply by measuring the estimuled arell (X) 

and multiply with the coefficient index (c=O.668) calculated. 

Leaf arca (Y) - 0.668 X 

The study found out nearly similar equation with Tavares-Jun ior ci (II .. (2002) 

where y == 0.667 X and Catali na el af., (201 0) where Y = 0.667 X. The leaf area of thc 

branch was detenn ined by multiplying (. ) the average leaf area by the number of leavcs 

per branch. 

Bra nch leaf area= average leaf area*number of (ea\'es 

~ h · h d number of branches \\cre also Growth responses such as COllet clg t an 

recorded. The height of each coffee tree was taken 5cm away frolll the ground surface. All 
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the measurement was conducted using a standard Phoe . . . mx measuring tape wlIh a scale of 

50 em (Made in China). 

Figure 10. Measuring the (A) height ; (8) leaf area; (C) inter-node length; and (D) 

quantifying the number of nodes ofthree-.year-old C. arabica, at each months of 

the study period. [pictures were taken from ClTPBDE. Tulu-konna.l 

3.3.2. Berry and bean measurements of C arabica 

The five-year-old selected coffee plants were subjected to monthly measurement of 

coffee height. Counting the number of branches, number of green berries, number of red 

berries, number of berries aborted, number of fruiting node and number of berries per 

node were also done. Besides, the developmental stages of the fruits staning from the pin-

head stage to the final ripening stage were identified and photographed using a digital 

Sony camera. The height of the coffee plants was measured above IOcm from the ground 

surface usi ng a standard measuring tape with a scale of2 metes. 
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Figure II . Laboratory processed: (A) mature red berries; (8) removed pulps; (C) removed 

parchments; (0) beans with parchment; (E) randomly selected beans fTOm each 

lreatments~ and (F) size of beans from each treatments. [Coffee processed using 

wet methods, at plant propagation laboratory of Addis Ababa University 

(AAU) l 

Counting the number of green berries at monthly intervals, already developed on 

the coffee plants, started as of Octoher 2012 up to January 201 3, Where as counting and 

harvesting of fully malure red berries were performed at weekly intervals starting from 

the end of December 20 12 to the final day of March 2013. Since only a few berries were 

ripe in December. they were added to the berries that were harvested in January. 

Mature red berries were selectively picked by hand when they had lurned 

completely red and before they started to dry. The red berries were collccted in ventilated 
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plastic bags and placed in a cooler water and ice for transpon t th I bo 
o e II rnlor)' of Pllm! 

Propagation at Addis Ababa University. On thai day the fresh " h rbe 
" Clg l Orry per plnm, 

fresh weigh t of pulp Iplan t and fresh weight of parchment with ben sI I . h 
n p ant were \\Clg cd 

using a ADP 21 OO/L ba lance and al lowed to dry under room condition with a light of 110 

f.1rnol m '2 S·I and temperature of 12-23 OC for two weeks, at each harvest, until a constant 

weight of beans with parchment obtained. Then the beans were separated from the 

parchment and both we re we ighed using the same instrument used for measuring fresh 

weight of bcrries. Each measurement was taken in gram (gm). 

The process ing of freshly harvested coffee berries was done using the convent ional 

weI method. The coffee berries from each plant were subjected to pu lp se paration lIsing 

hand . The aborted beans were separated by weight as they were put in 0 gloss beaker 

containing water. The aborted beans were floated to the top, while the heavier and ripe 

beans were submerged to the bottom of the glass beaker. 

After separation, the fresh beans with parchment were weighed and tranSI)()rlcd to 

largc water-filled fennentation plastic containcrs. They were left in these containers for 

about 48 hours. The purpose of this process was to dissolve and removc the slick laycr of 

muci lage (called the parenchyma) that was attached to the parchment. When fermcntation 

was complete the beans fe lt rough, rather than slick, to the touch. Then the parchments 

with beans were allowed to dry for a week and subjected to separation of the parchment 

from the bean using a hand . Subsequently the dry weight of the beans and parchments 

were taken using an ADP 2100/L ba lance. At that point in time, the beans were rinsed by 

immersing and waShing in add itional water plastic container. The beans were then rcady 

for drying until a constant we ight was obtained. Finally, the dried beans were weighed. 

The number of healthy berries per tree, number of aborted berries per tree, num ber 

of berries per node, fresh weight ofbeny, fresh weight of pulp, fresh weight of parchment 
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with beans, dry we ight of parchment with beans and dry weight of be 
nns were counted 

and weighed. In addition, size (length) of beans was measured U· h bo . sing t e a ve data. 

bean·berry weight rat io, weight of beans per fru it. beans (g)/ IOOO d ~ . I an CO ll ce Y'C d were 

calculated. 

Using the fo llowing fonnu las (DaMalta et af 2007) some of the d t "" a a OUtcomes 

werc obtained as follows. 

• Weight of beans per frui t=: weight per fruit·bcanlfru it weight rat io 

• Number of fruits per tree::: num ber of fruiting nodes per trcc·nurnbcr fruils per 

node 

• Yield per tree= number offruits per tree·weighl of bcans per fruit 

3.3.3. Flower iniliation and flowering data 

The selected four-year-o ld coffee plants were treated with aqueous solutions of 

100, 250 and 300 rog 1" GA3 (S igma, St. Lou is; dissolved in ethanol and diluted with 

distilled water) plus 0.2 % Tween 20 (US Biochemical Corp., Clcveland). GAl lrcallllcl1ts 

were perfonned on each branch of the selected six coffee plants per treatmcnt, using a 

foliar hand spray on the branch leaves and stems. But the branches and stems of the 

control groups were treated with solutions containing Tween-20 and distilled watcr. E..1ch 

treatment had six coffee rep licates fo r GA3application. 

The preparation of the GA3 solutions took place at the plant propagation 

laboratory of Addis Ababa University. The procedures were as follows: 

• 100, 250 and 300 mg GA3 powder was weighed using a Sartorius 1I1/alytic 

sensitive ba lance. 
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• 

Each we ighed GAJ powder was placed in three different small glass beakers 

and subjected with 5 drops (using Eppendorjpippe/) of ethanol 10 dissoh'c the 

GA,. 

JODOrn 1 double disti lled water was added in three different £-jhll'Ks and was 

introduced with the prepared dissolved GA) solution rcsJ)C{:livcly on each E. 

flask. 

• Then each solution placed on ARE magnetic stirrer (Velp scicntifica) with It 

magnetic stirrer on each so lution and allowed for 30 minutes to be m;.'(cd. 

• After that, 6 drops of Tween 20 added to each solution and finally placed 

within a refr igerator at SoC. 

• During the time of application, the chemicals were transferred in to n hand 

sprayer and transported in to the research si te placed within a plastic pot 

contain ing cooler water and ice. 

The GA3 solutions were applied on the leaves of each coffee plant with a hand 

sprayer beginning from 14th of October to December 20 12, unt il bud devclopmcnt 

observed during January 20 13. Number of flower buds per plant, number of open flowers 

per plant, the number o f flowers per node and number of secondary branches per plant 

were counted and recorded at weekly intervals from January up 10 March, 201 3. 

3.3.4. Eto-physiological measurements 

3.3.4.1. Tempera/lire (TlIir) 

Air temperature (Tair) was recorded with a minimum-maximum thcnnomclcr 

situated in the study area. The mean dai ly Tair of the study site was recorded stnn ing from 

October 2012 to March 2013, and the mean monthly minimum. maximum nnd average 

T Ilr were calculated. 
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3.3.4.2. Photosynthetic active radiation (PA R) 

Photosynthetic active rad iation was measured using PAR . 
a sensor (Ll ' Or; Jj . 189; 

USA) device. The data were collected slarting from October 201 2 to March 20 13, and the 

mean PAR ()l ffiel m ,2 5.
1
) values were recorded. The measurements were taken on the 

open sun, under the restoring canopy of C mllcro~'laC"lJlls A b . . d ,-
• 'J , • (/ ')'Sl'/II/ca an .... 

dMnorum, and bottom of coffee canopy. The measurements were taken monthly during 

the day lime of9 AM, 12 PM and 3 PM. 

3.3.4.3. Soil 

Soil samples were collected from the restoring (site I and site II) and norHcsloring 

study sites. In order to avoid excess soil moisture, sample collections look place during 

February, one of the dry seasons on the study site. W-methods and random sampling were 

used to collect the samples from the restoring and non~rcstoring sites, respectively, both 

from the soil profiles of 0-15 em and 16-30 cm. 

From each sample site, nine sub~samples were collccted and balked in to one 

composite soil sample. Each field was sampled separately depending on appearance of the 

soils or in elevat ion/slope of the area. Surface litters were scraped away (fert ilized, old 

bunds, marshy spots, near tress, compost pi les, other non~representative locations were 

avoided) and sub~samples were collected in a clean plastic bucket using a stain less steal. 

The sub-samples were poured from the bucket in to clean plastic containers. The sub~ 

samples were mixed thoroughly, di scarded, by quartering, all but 4 Kg of soil. Quarterly 

was done by mix ing samples we ll, divided it into four equal parts, then rejected two 

Opposite quarters, mixed the remaining two portions, again divided into four parts and 

rejccted two opposite quarters, until 500g of composite soil sample were obtained. From 

each sile, composite samples from O~1 5cm and 1 6~30cm were prepared separately and a 

total of six composite samples were prepared. Each sub~sall1ple was labelled and marked 
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Properly, and de li vered to JJJE Analytical Testing Service Laboratory C bo h h . 
• or I P YSlclll 

and chemical analysis. 

In the laboratory, the soi l analyses were done using the following methods: soil pH 

was measured in a I :2.5 soil: water mixture; soil moisture were analysed through drying 

overnight at 105 °C; soil texture by hydrometer; bulk and particle density through core 

and volumetric flask methods, respectively; organic carbon using Walkley-Slack method; 

lotal nitrogen by means of Kjeldahl method; avai lable phosphorous using Olsen cw/., 

method; electrica l conduct ivity by means of conductivity-water extract process; calion 

exchange capacity through sodium equivalent by flame photometer process; ammonium 

acetate extraction and AAS titration mechanism for Ca2+ and M~·; ammonium acetate 

extraction and flame photometery mechanism for Na+ and K+; and soil rnicronulrients 

using DTPA extraction and flame AAS for detennination. 

3.4. Vegetation survey 

To determine the floristic composition of the si te that is being restored, parallcllinc 

transects 100m apart from each other were laid across the study area. Along thc linc of 

transects a total of 60 sample quadrats i.e. 20m x 20m' for shrubs and woody specics and 

1m x 1m herbaceous and grass species were laid down at 50m intervals. In addition, the 

current floristic compositions of the restoring site were compared with the selected 

degraded landscape located near the study site. 

In each of these quadrants, the identities of the plant species were detcnnined and 

recorded. For plants, wh ich could not be identified in the field, herbarium specimens were 

collected, properly dri ed in a plant press, and identified at the Nat ional Herbarium (Add is 

Ababa University), where voucher specimens were deposited. Nomenclature follows that 

of the published volumes of the flora of Ethiopia and Eritrea. 
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3.5. Statistical analysis 

Statistical ana lyses were perfonned according to the following procedures. The 

mean vegetati ve growth, flowering and fruiting perfonnance of C. amhiea on Ihe 

restoring shades of C. macroslocilyus, E. divinornm and A. abyssinicc/ shade, and those 

coffee plants growing on less restored site/open sun were analYlcd using ANOVA 

(analysis of variance) using Sigma Plot 8.0 (Systat Software, Inc.). T·test for mont hly 

repeated measurements and among treatments were used for dClcnnining significant 

differences between mean values of treatments. The assoc iation of the growth, fruiling 

and flowering perfonnance of coffee trees to each other and with environmental variables 

were run using Pearson' s correlation ana lysis. Unless stated otherwise, 5 % significant 

level has been used to ind icate statistically significant differences between/among 

treatments. All the graphs stati stical analyses were perfonned with the Sigma Plot 8.0. 
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CHAPTER FOUR 

4. RESULTS 

4.1. Envi ron mental variables 

4.1.1. Temperature (T.ir) 

Air temperature, during the study period at the site which is being restored, showed 

a continuous increment in maximum air temperature starting from October to January and 

allen.vards, max imum T air decli ned, while the minimum T Blf showed fluctuation during the 

measurements (Fig. 12). The lowest minimum and highest maximum temperature were 

recorded during the months of December and January, respectively. In December, 

minimum air temperature fluctuated within a fairly constant range along with con SUlIll 

increases in maximum Tatr. The maximum Tair fluctuate between 19 and 26 °C, and the 

minimum T.,r range between 8 and 11 °C. 
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Monthly Tair values differed significantly (P<O.OOI) exhibiting an a\'crage 

maximum value with 23.5±O.98 °C and minimum value with IO.3±O.51 °C. The mean 

maximum value was about twice higher than the minimum temperaturc, and this variation 

was statisti ca lly sign ificant. 

4.1.2. Photosynthetica lly active radiation (PAR) 

Extent of shading afforded by the native trees, namely C. macrosllIchyus and A. 

abyssinico, and one nat ive tree/shrub E. divinonlfll were quantificd by measuring the 

quantum flux densities at the top of the shade trees/shrub, just above and at the bottom of 

the stud ied coffee plants (Table 3). 

Table 3. Extent of shading afforded by C. macroslachylls, E. divi"orllm and A. abyssilliclI 

to coffee plants grown beneath these trees. Also, quantum flux densities in non-

shading coffee plants. Within a row, means fo llowed by different Icltcrs arc 

significantly different. Standard errors of means (SEs) arc indicated in 

parenthesis. 

C E. A. 

mQcrostach~'us divinorum Qb~'ssjnicQ Non-sh.dcd F·".lut P·,'. lue 

Top of shade 840' 840' 840' 840' 
tree (36.6) (36.6) (36.6) (36.6) >0.05· 

Top of 374" 107b 11 7' 840' 
coffee (123.8) ( 13.2) ( 13 .3) (28.6) 39.05 <O.()(} I' 

Bottom of 309' 33' 30' 7944 

coffee (117.4) ('.3) (4.l) (28.6) 42.03 <O.()(} I· 

PA R 65" 74b 87" 46
4 

difference (8.2) (9.5) (9.1). (9.0) .~ }9.88 <0.001' 

. . d 840 lunol nf 2s·l) pholOn flux Compared to the non-shading plOIS (whIch receIve ' 

d " . . dA b 'ssi"ica and at thc top of thc cnsltlCS beneath C. macrostochyus, E. dlVll10rlllll an . {I ~ 
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coffee plants were 374, 107 and 117 ).tmol m·2s·1, respectively These I . va ucs represent 45, 

13 and \4 % respect ively of shades afforded by the two shade trees and the shrub/tree. 

The amount of photon flux densities at the bottom of the coffee plants grown 

beneath C. macrostachyus, E. divinorum and A. abyssinica were 309, 33 and 30 ~unof m" 

25•1, respectively. These values represented light absorption of 17, 69 and 74 % by coffee 

plants grown beneath C. macrostachyus, E. divinorum and A. abyssinica, respectively. 

The pattern of diurnal changes in light intensity measured as photosynthetic active 

radiation (PAR) over the study period showed a significant (P<O.OOI) change among AM, 

MM and PM. 

4.1.3. Soil nutrient a nalysis 

Analysis of physical and chemical soil properties revealed that there is sile-to-site 

relative similarity and significant differences on various soil parameters analyzed 

(Appendi x 3). The resu lts showed that, signi ficant (P<0.05) difference occurred on the 

levels of organic carbon, total nitrogen, ava ilable phosphorous and electrical conducti vity 

in between the soi l samples of the restoring and non-restoring sites. 

The highest average surface (0-15 cm) and subsurface (16-30 cm) sand content was 

observed under the non restoring sites (22 %) and the lowest was recorded in the restoring 

sites (13 %). whereas the average clay fraction of the restoring sites and non-restoring 

sites were 56 and 45%, respectively. In addition, the average silt fractions of the restoring 

sites were 31 %, unlike 33 % si lt fraction of the non-restoring sites. There were no 

textural class differences between the restoring and non-restoring sites. The textura l class 

of the surface and the subsurface soils was also clay. Considering the two soil depths, 

higher mean sand fraction (22 %) was observed within the surface soils of the non­

restoring sites, than the restoring sites which accounted 19 %. Opposite to sand, higher 

clay fraction (63 %) was found in the subsurface soil of the restoring sites (Appendix 3). 

65 



The soil pH values were not signi ficantly (P>O 05) ,fliected b h " 
. Y t e restorat ion 

differences and so il depth. The pH of restoring sites was slighl ly acidic with a mean 

value of 6.89, whereas the mean pH of the non-restoring sites was 69 C "d " h " anSI enng I e 

tWO soil depths, the higher mean values of pH with 6.86 and 6.82 were observed within 

the surface soils of the restoring and non restoring sites, respective ly. In general, pH 

values increased with increasing soil depth (Appendix 3). r urthennorc, soils from Ihe 

slUdy sites showed a sign ificant (P<O.05) difference in tenns of moisture content, where 

the highest mean value was identified on the restoring sites (15.52 %), than the nOIl­

restoring sites wi th the mean value of 13.63 %. The results of the electrical conductivi ty 

or the restoring soil s (0.18 mS/cm) were significantly higher than the non restoring sites 

(0,05 mS/cm). The levels of the electrical conductivity also decreased on the lower soit 

depth than the surface so ils. 

The level of soil organic carbon was highest (3. 16 %) under the restoring 

conditions and lowest (1.42 %) on the non-restoring sites. Wi th regard to the levels or 

organic carbon on the soil depth, both on the restoring and non-restoring sites, the leve l 

decreases rrom the surface to the subsurrace soil profil e. Simi larly, soil organic carbon 

contents in the 0-15 cm and 16-30 cm soil depths were highest on the restoring sites and 

lowest under the non-restoring sites (Fig. 13). 

The level of soil s total nitrogen was highest (0.25 %) under the restoring 

conditions, whereas the lowest tota l nitrogen (0.16 %) was from the non-restoring sites. 

Similar wi th the level of organ ic carbon on the soil depth, both on the restoring and non­

restoring sites, the level of total nitrogen decreases from the surface to the subsurrace soil 

profil e. Similarly, so il organic carbon contents in the 0-1 5 cm and 16-30 em soil depths 

were highest on the restoring sites and lowest under the non-restoring si tes. 
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The level of ava ilable phosphorus in the resto . . rlOg Sites appeared to be significantly 

(p<O.05) hi gher than the non-restoring sites. Accordingly Ih h·gh . ' e I est ( 12.5 mglkg) and 

the lowest (7.25 mg/kg) ava ilable phosphorus contents on th r. e sur.ace layer were observed 

under the restoring and the non-restoring sites respectivel Th d , y. e ala also revealed that 

available phosphorus was higher in the subsurface of the re t ' . (3 S onng sItes .12 mglkg) than 

in the non-restoring siles (0.4 1 mglkg) (Fig. 13). 
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Figure 13. Soils: (A) moisture content (%). (8) total nitrogen (%), (C) available 

phosphorous (mg/Kg) and (D) organic carbon (%), at the restoring (sile I and site 

II) and non-restoring siles (control). 

Unl ike potassium (K), the levels of exchangeable Calcium (Ca). Magnesium (Mg), 

Sodium (Na) were not sign ificantly (P>O.05) different between the restoring and non­

restoring sites. The mean val ues of exchangeable Ca lcium (Ca) under the restoring and 
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non-restoring sites were 31.09 and 29.06 crnol (+}lkg. respectively. Considering the mean 

exchangeable Magnes ium (Mg) levels on the restoring and non-restoring siles were 14.61 

and 15.91 crna l (+)/kg, respectively. However, Ihe exchangeable Sod ium levels on the 

restoring and non-restoring sites were similar with the values of 0.45 and 0.45 cmol 

(+)/kg, respective ly. On the other hand, the result of available potassium on restoring and 

non-restoring sites were significantly (P<O.05) different, having the mean levels of 1.7 

and 0.35 crna l (+)/Kg, respective ly. In view of the soi l depths, the levels of exchangeable 

bases showed higher at the surface layer than at the subsurface depth on both the restoring 

and non-restoring sites (F ig, 14), 
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Figure 14, Exchangeable bases of: (A) calcium; (8) magnesium; (C) sodium; and (D) 

. ('te 1 and site II) and nOI1-potassium in cmol (+)/Kg of the soils, at the restonng Sl 

restoring sites (control), 
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The contents of avai lable micronutrients (Fe, Mn, Zn and Cu) were not 

significantly (P>O.05) different between the restoring and non-restoring sites and along 

soil depths. But the levels of micronutrients on the surface soi ls of the restoring sites 

indicated that: Mn, Fe, Cu and Zn accoumed 116.9, 128.3, 5.44 and 3.68 cmol (+)lKg. 

respective ly. Whereas the leve l of micro nutrients on the non-restoring sites showed: Mo. 

Fe, Cu and Zn accounted 65.9. 73.9, 1.7 and 1.1 cmol (+}lKg, respectively (Fig. 15). 
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Figure 15. Micronutrie nt concentrations of: (A) manganese; (B) Iron; (C) copper; and (D) 

. . (S'le I and site II) and non-zi nc in cmol (+)/Kg of the soils, at the site restonng I 

restoring sites (contro l). 

. d d nearby non-restoring sites. In short, in between the site that is being restore an 

. . . I d chemical proper1ies. The \'ery there existed differences on the major soli phySlca an 

. . ' tored were due to the role and difference that occurred on the sites that are bemg res 

69 



contribution of various indigenous and keystone plant species in l' . recyc 109. extractmg and 

processing the essential soil nutrients, both macro and micronutrients, within the soil. 

4.2. Vegetative Growth performances 

Starting from October to March, the data on vegetative growth parameters ofthrce­

year-old C. arabica such as stem height, number of branches, number of nodes, inter-node 

length and branch leaf area were measured and recorded. The result is summarized and 

presented in the fo llowing sub-sections. 

4.2.1. Stem beight and number of latera l branches 

Vegetative growth of the coffee stem height (SH) that were grown under the 

restoring shade of C. macrostachYlls, E. divinorum and A. abyssi"ica showed no 

signi ficant (P>O.05) differences. The average monthly height deve lopment for all coffee 

plants was most vigorous from October to December and after January in the months of 

February and March, while the sluggish stem growth pattern identified and recorded 

during January. As indicated in Figure 16A, coffee plants growing under E. divillorlllll 

and A. aby ssinica showed a higher and sim ilar pattern of stem growth during the fi rst 

three months and the last two months unlike coffee plants growing under thc restoring 

shade of C. macroslochYliS. 

When treatments compared, over the course of the study period, the mcan SI-! of 

coffee plants showed no significant difference (P>O.05) on the three shade status. For 

instance, the over all mean SH increment for those coffee trees grown under the restoring 

shade of C. macroslachyus, at the end of measurement were 39.2±O.7 em, and 40.36±2. 1 

em and 41.3±2. 1 em for those coffee trees growing under the restoring shade of E. 

divinorllm and A. ahyssilJica, respectively. 

. h coffee populations under the The number of branches (NS) development lU t OSC 

/ . . d A abvssi"ica showed no restoring shade of C. macrostachyus, £. (lVIl/orum an . J 
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significant (P>0.05) change through out the study period R fI . 
. e em ng to the gro"1h pallem 

of branches, January showed no branch increment compa . h nng to t e other months which 

were characterized by increasing the NB on each monthly m . easurcrncnl (Fig. 160) . 
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Figure 16. The mean: (A) height (em); and (8) number of branches ofthrce-year-old C 

arabica, growing under the restoring shades of C. macrQstachYlIs, E. dNi"orllm 

and A. abyssinica. Symbols indicate mean ± SE (n := 8 replicates per treatment). 

When determin ing the nu mber of branches development within the three shades, 

there were no significant (P>O.05) difference within the coffee trees growing under the 

restoring shades of C. macrostachYlIs, E. divinorllm and A. ahyssil1ica, and hence 

indicated the presence of equal performance on the development of pi agio tropic bronches. 

The mean total NB increment by the end of measurement is found to be 

18.20±O.81 fo r coffee trees grown under the restoring shade of E. div;l1orum, while the 

NB under the shade of A. abyssil1ica were IS.04±1.01. Considering the NB development 

under the shade of C. macrostachyus showed a mean value of 12.79±O.63. 
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4.2.2. Number of nodes and internode length 

The mean number of nodes (NN) per branch, 0 lrorn the selected four branches 

directed to the east, west, north and south sho d h we no c ange during the months of 

October, November and January but an increment on th be e Dum r of nodes showed up 

during December, and a relative progressive increase reco d d d . r e urmg February and 

March(Fig. 17A) . 

. 0 

---+-- C muCrOJ'lac/lyus shade c:::::J Mun internode Itnlth I 
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Figure 17. The mean: (A) number of nodes development; and (B) intcmodc length on the 

selected four branches of C. arabica, under the restoring shades of C. 

macrostachYlIs, E. divinorum and A. abyssin;ca. Symbols indicate ± SE (n - 8 

replicates per treatment). 

The NN deve lopment on those coffee trees growing within thc three restoring 

shade trees showed a significant (P<O.OI) difference through out the study period. The 

mean NN on those coffee trees growing under the restoring shade of C. macrostaclt)'l1$ 
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was 4. I 3±O.05. Whereas, coffee plants grown under the shade of E , .. . (l/I'morlill/ and A. 

obvssinica showed a mean NN with the value of 4.06±O 13 and 4 4J±O 14 . " . '" respectively. 

The result indicated that, the mean inter-node length (IL) unde th . h r e restoring S ade 

of £. d;vinorllm was significant ly (P<O.OI) more pronounced and higher than A. 

abyssinica and C. macrostachyus coffee plants. The mean IL in the case ofE (' .. . 11"1I10rlll1l 

based coffee plants is 35.34± 1.05 mm, wh ile the lowest mean IL recorded on those coffee 

plants growing on the restoring shade of C. maerostachYIIS with a mean length of 

30.48±O.4 mm. Furthennore, the mean IL of coffee plants under the shade of A. 

abyssinica was 3 1.5 J±0.6 mm (F ig. 178). 

4.2.3. Num ber of leaves and branch leaf area 

Similar with the number of node development, leaf number (LN) increment also 

showed the same pattern. A progressive increase in leaf number showed between October 

and December. and January and March. However, no change in leaf number was observed 

and recorded duri ng the months of December and January (Fig. 18A). 

Unl ike the measuring months of December and January, the other measuring 

months showed a significant (P <0.05) rise in LN through out the study period. As far as 

the number of leaves under the three restoring shades were recorded, coffee plants in C. 

macroslachyus shade showed a signi ficantly (P <0.05) higher than coffee plants under the 

restoring shade of E. divinorllm and A. abyssinica. 

In view of the mean number of leaves on those coffee trees growing under the 

restoring shade of A. abyssinica was 6.69±0.28. But, coffee plants grown under the shade 

of E. divinorum and C. macrostael/yus showed a mean number of leaves, with the value 

of6.l3±0.26 and 6.25±O. I, respectively. 

Similar with the number of leaves, the branch leaf area (BLA) during the course of 

the study showed to ascend on the months of December and March, as compared to the 

73 



other measuring months. The BLA on the remain ing m . 
easunng months showed relatively 

no change (F ig. 18B). 
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Figure 18. The mean: (A) number of leaves; and (B) branch leaf area ofC l1rabicl1, under 

the restoring shades of C. macrostachyus, E. divinorum and A. obyssinica. Bars 

represent ± S.E (n = 8 repl icates per treatment). 

When comparing the BLA of coffee trees, there existed a significant (P<O.05) 

change among the three restoring shades. The BLA on those coffee plants growing under 

the restoring shade of A. abyssinica were higher and possessed a mean BLA of I03±4. 1 

cm2
. Whereas, the mean BLA of coffee plants grown under the restoring shade of £. 

divinorum and C. macroslachYlls were 96.2± IJ and 94.75±5.5 cm
2
, respectively. 

4.2.4. Effects of PAR and T~ir on growth parameters 

Impacts of PAR and Tair on vegetat ive growth perfonnances of C arabica were 

assessed by running correlat ion analyses on PAR and T,ir on the one hand and on stem 

length, branch, node and leaf numbers, as well as leaf area, on the other (Table 4) 
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Table 4. Correlation coefficients (r) between vegetative growths and 
environmenUlI 

parameters (PAR and Tair) of three-year-old C. arab ' h '. 
Ica, on I e restormg Slles. 

Signi.ficant (P<0.05) correlat ions are printed in bold letters. 

Parameler Shade T.1r PAR 
Stem height C. macrostachyus 0.44 0.80 

E. divinorum 0.38 0.77 
A. abyssinica 0.33 0.73 

Branch number C. macrostachyus 0.51 0.84 
E divinorum 0.47 0.85 
A. abyssinica 0.'9 0.83 

Node number C. macrostachyus 0.52 0.84 
E divinorum 0.38 0.84 
A. abyssinica 0.39 0.8 1 

Num ber of leaves C. macrostachyus 0.5' 0.86 
E divinorum 0.38 0.84 
A. abyssinica 0.40 0.81 

Branch lea f area C. macroslachyus 0.53 0.85 
E. divinorum 0.36 0.83 
A. abyssinica 0.45 0.84 

P<O.05(sign ificant) 

The responses were highly dependent on specific environmenta l condit ions when 

measurements were taken. For C. macrostachyus, E. divinomm and A. abyssiniea shade, 

light intensity measured as PAR had a significant (P<O.05) positive association on the 

number of branch, node number, number of leaves and branch leaf area, wh ile the trailS 

showed no significant associat ion with Tair. However, number of branches and leaves on 

coffee plants under the restoring shade of C. maerostachyus, E. divillonm/ and A. 

ahyssinica were associated pos itively with Tair and in PAR. Amazingly, stem height did 

not show an association to either of the environmental variables (Tair and in PAR). 

4.3. Fruiting and yield performances 

The fru iting and yield perfonnances of five-year-old C. arablea trees growing 

under the restoring shade of C. macrosrachyus, E. divinorum and A. abyss;,,;ca, and 

gr . d be of differences on Ihe berry Owmg exposed to open sun (less restored) showe anum r 
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Table 4 Correlation coeffic ients (r) between vegetal' h . lve growt s and environmental 

parameters (PAR and T. ir) of three-year-old C a abo h ' . 
. rica, on t e restormg sItes. 

Signi.ficant (P<O.OS) correlat ions are printed in bold letters. 

Parameter Shade T.1• PAR 
Stem height C. macrostachyus 0.44 0.80 

£ divinorum 0.38 0.77 
A. abyssinica 0.33 0.73 

C. macroslachYlis 0.51 0.84 
E. divinorum 0.47 0.85 
A. abyssinica 0.49 0.83 

Branch number 

Node num ber C. macroslachyus 0.52 0.84 
E. divinorum 0.38 0.84 
A. abyssinica 0.39 0.81 

Numbe r of leaves C. macrostachyus 0.54 0.86 
E. divinorum 0.38 0.84 
A. abyssinica 0.40 0.81 

Branch leaf a rea C. macrostachyus 0.5) 0.85 
£ divinorum 0.36 0.83 
A. abyssinica 0.45 0.84 

P<O.05( sign i ficant) 

The responses were highly dependent on specific environmental conditions when 

measurements were taken. For C. macrostachyus, E. divinonllll and A. lIbyssillicll shade, 

light intensity measured as PAR had a sign ificant (P<O.05) positive association on the 

number of branch, node num ber, number of leaves and branch leaf area, while the traits 

showed no significant association with Tair' However, number of branches and leaves on 

coffee plants under the restoring shade of C. macrostachyus, E. tiivillorum and A. 

abyssinica were associated posit ively with Tair and in PAR. Amazingly, stem height did 

not show an assoc iation to either of lhe environmental variables (Tan and in PAR). 

4.3. Fruiting and yield performances 

The fru iting and yield perfonnances of fi ve-year-old C. arabica trees growing 

d · lEd" III and A abvssillic(J and un er the restoTing shade of C. macros/ac lyUS, . lvmoru ." ' 

. h d be of differences on the berry growing exposed to open sun (less restored) s owe anum r 
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and bean traits, including the yield . All the trails measured and q 'r. d ' 
uanll Ie on the Site that 

is being restored are as shown on the following sub-sections. 

4.3.1. Green berries developed, Counted and aborted 

The number of green berries, during the period starting from Oct be 
o r to December, 

Showed a continuous increment (Fig. 19A) and decl ine on January \ h' h ' 
V Ie was aSSOC iated 

with increas ing the number of red berries. 

The mean number of green berries per plant on the fou r treatment groups were 

signi fi canlly (P<O.05) different at the end of the measurement. Green coffee berries on the 

restoring shade of A. abyssinica showed a significant (P<Q,05) highest number of berries 

with a mean value of 125.56±11.I than coffee plants on the restoring shade of C. 

macrostachyus and E. divinoYUm having a mean number of green berries 69J I±8.07 and 

61.6±S.8, respectively. However, coffee plants growing in open sun showed significant 

(P<O.OO I) lowest green berries than the rest of the shade plants with a mean value of 

1.62±O.4, 

As far as green berry abortion on the restoring sites was concerned, high sign ificant 

(P<O.OS) abortion were recorded during January fo llowed by November and December. 

Similar number of green berry abortion, on the four treatments groups, occurred during 

the study period of October and differed afterwards (Fig. 19B). 

Referring to the restoring shade types of the site, the highest significant (P<O.OS) 

abortion of green berries showed on A. abyssinica shaded coffee plants with a mean value 

of 4J 4±2 , While the second abort ion recorded on coffee trees under the shade of E. 

divinorum with a mean value of 2.6±1.1. However, the lowest significant (p<O.OS) 

abortion were found out on coffee plants growing under the restoring shade of C. 

mocroslachyus and growing on open sun with a mean va lue of J JI±O.5 and O.S3±OJ, 

respectively. 
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Figure 19. The mean: (A) green berries counted; and (8) green berries aborted on fi ve-year-

old C. arabica. growing under the restoring shades of C. l1/{lcrostllchYIIS, E. 

divinorum, A. abyssinica, and on open sun. Symbols indicate ± SE (n"'8 replicates 

per treatment). 

Furthennore, there is no significant (P>O.05) relationship between temperature and 

the num ber of green berries deve loped from October to January in all coffee plants 

growing under the four treatment conditions. There is posit ive significant (1'<0.05) 

correlation (r) in between temperature and green berries abortion in those coffee plants 

growing under the shade of C. macrostachyus (r=O.963), E. divinorl/m (F O.911) and A. 

abyssinica (r= 0.978). The result also indicated no association between T.n and green 

berry abort ion in those coffee plants growing exposed to open sun (r=O.866). When the 

association of PAR and green berry deve lopment is concerned, there ex ists a positive 

association under the restoring shade of C. macrostachyus (r- l) and ncgativc relation 

. dd · . ( , correlation wIth those coffee plants exposed to the sun (r- -0.952). In a IMn, nega I\ e 
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curred between Tair and the number of green berries ohta' d 
DC me on the four treatment 

groups. 

4.3.2. Red berries harvested and aborted 

The amount of red berries that was harvested on a monthl b " " " y aSls was very Similar 

among the four treatments during November. Red berry harvest be h" came Igh and a 

conlinuous increment occurred after December The number of red be" h . rnes arvestl.'d 

showed no significant (P>O.05) increment in between the months of November and 

December, wh ile a significant (P<O.OI) difference and increases recorded starting from 

the months of December to February with the exception of coffee plants growing expasc:d 

to the sun (Fig. 20A). 

Referring to red berry harvest based on restoring shade types a significant (P<O.O I) 

highest red berries were harvested in those coffee plants growing under the shade of A. 

abyssinica 126.37±37.5 than coffees in C. macroslachYlis with 70.62S±37. 1 and £. 

divinorum with 61. 75± 17.5. Hence no significant (P>0.05) difference in red berry harvest 

obtained between C. macroslachyus and E. divinorllm shade treated coffee plants. Furth er 

more, red berry harvest from coffee plants exposed to the sun showed the least result with 

O.875±O.5 mean value. 

The harvest of red berries on the four shade status showed no significant (P>0.05) 

relation with the temperature of the environment, although harvesting of red berries 

positively (P<O.05) related with PAR in those coffee plants growing under the shade of C. 

macroslachyus (r=0.695) and exposed to sun (r-O.107). However, a positive association 

occurred in between Tair and red berries abortion on the restoring shade of C. 

macroslachyus (r=0.944), E. divinorul1I (r-O.947) and A. abyssinica (FO.932). 
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Figure 20. The mean: (A) red berries harvested; and (8) red berries aborted on fi ve-year-old 

C. arabica, growing under the restoring shades of C. macrostacll}1lS, E. 

divinorum and A. abyssinica, and on open sun. Symbols indicate ± SE (n=8 

replicates per treatment). 

Similar with the number of green berry abortion, the amount of aborted red berries 

in the study period showed signi ficantly (P<O.OOI) higher during January. The lowest 

(P<O.OO I) signi ficant abortion recorded on the months of November and Decem ber. 

Furthermore. concerning on abortion of coffee plants with in the treated groups showed no 

signi ficant (P>0.05) difference (Fig. 208). 

4.3.3. Num ber offruiling nodes and be rries per node 

With regard to the number of fruiting node, variations on the four shade status was 

characterized by a comparably high number in those coffee plants under the restoring 

shade of E. divinorum, followed by A. abyssinica based and C. macrostachYIIs based 

coffee plants respectively. As shown (Fig. 21) maintaining the three restoring shadl"<l 

79 

, 
, 

• , .E 
~ 
0 
~ 

J • 
~ 
·C 
" , • 

D 

~ • 
" 

, 



offee plants with a significant (P<O.OI) higher value h i , .. c , t e o\\est fnlltlng node found from 

coffees growing exposed to sun. 

When comparing the mean number of fruif od 109 n es among the four treatment 

groups, Ihere was a significant (P<O.O I) difference with th h' h . e Ig est value 10 coffee plants 

growing under the restoring E. divinorlllll (25.2±6.S) fo il db " owe y A. abyssllllca and C. 

nrocroslochyus based coffees. Besides the lowest number of fi " od nlltmg n es were found oul 

on exposed sun (3.5±O.2) growing coffee plants. 

40 IF======O;--------. 
4.1 -*- Mean number of fruiting node 
." o ~ Mean number of berry per node 
c 
• • 0. 
~ 30 
• • &> 

'" C • • -g 20 
• 
" c -= o!: 
~ 
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• • &> 

e 
= z 

o L---~----~------~~--~ 
Croton Euclu Acuia Full iun 

Shade type 

Figure 21. The mean number of fruiting nodes and berries per node on five-year-old C. 

orabica, growing under the restoring shades of C. macrostachy"s, E. div;"orom 

and A. abyssinica, and on open sun, Symbols . indicate ± SE (n=8 replicates per 

treatment). 
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Like the number of fruiting nodes per plant on the restoring site be . , nurn r of bernes 

node also showed the same result i.e. berries per node significantl d'« per y Illerent on the 

four treatment groups but with different significant level (P<O.OO I) (Fig. 21). 

Meanwhile, the mean number of berry per node was significantly highest on thc 

restoring A. abyssinica shaded coffee plants (4.75±0.92) than C. macrostachyus and E. 

divinorum based coffee populations. Still in those coffees growing on the sunny exposed 

degraded land showed a significant (P<O.OOI) least number of berry per node (O.25±O.I) 

than Ihe rest (Fig. 2 1). 

Pearson 's correlation (r) coefficients among the number of red berry, number of 

fruiting nodes and number of berry per node from the data across the restoring C. 

macroslachyus, E. divinonlm and A. abyss;n;ca shade, and on the degraded sunny 

exposed coffee plants are shown in Table 5. 

Table 5. Correlation coefficients (r) among the number of fruiting nodes, number of red 

berries and number of berry per node. 

C. macroslachyus Number ofrcd berry 

Number of fruitin g nodn 

E. divinorum Number or red berry 

Number offruiting nodes 

A. obyssinica Number of red berry 

Number or frui ling nodu 

Full sun Num ber of red bury 

Number of fru iting nodes 

ns= P>0.05, 'P<0.05, "P<O.O I, ••• P<O.OOI 

Numbu of fruiting 

"dn 

0.839 •• 

0.939 ... 

0.925 ... 

1.000 ••• 

0.952 ••• 

0.773' 

0.849 .. 

0.662 · 

0.986 ••• 

0.890 •• 

0.987 ••• 

0.987 ••• 

. . 'f e correlation with thc 
Number of red berry harvested showed Significant POSl IV 

number of fruiting nodes and number of berry per node in all the treatment groups . 

. h h mber ofbcrry pcr node on 
ASSOCiations between the numbers of fruiting nodes WIt t e nu 
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he shade of C. macrostachyus, A. abyssinica and in those coffi I . 
I ee pants growmg exposed 

to sun showed significant positive correlations, but no significant CO I . 
rrc aMn OCcurred on 

the shade of E. divinorllm where the PAR leve l is high. 

4.3.4. Num ber of beans within berry and beans obtained and aborted 

The amou nt of beans within a single berry on the fou r lreal d . c groups vanes 

significantly (P<O.05). As it is shown (Fig. 22A), the highest one, two and three beans per 

berry obtained from the restoring shade of A. abyssinica which were fo llowed by coffees 

in C. macrostachyus and E. divinonml respectively, whi le coffees in the full sun showed 

significantly (P<O.05) the least value. 

On the same case, the mean berry with one bean containing within it on the four 

treatment group were significantly (P<O.OS) highest on A. nbyssinicn based cofTee plants 

with a mean number of37.62±12.S than coffee plants on C. macrostachYIIs with 14.6±9.1, 

E. divinorum with 13.1±5.7 and fu ll sun with 0.37±O.2 mean number, respectively. 

Similar result was found out that a significant difference on the mean berry with two 

beans on the four treatment group providing the restoring A. abyssillica shade with the 

highest number of 8S.S±24.7. However, berry containing three beans on the rour 

treatment groups of coffee plants showed no significant difTerence (P>O.OS). 

During the wet method processing, aborted beans were identified and statistically 

analyzed as fo llows. The number of aborted beans on the four treatment groups is 

significantly (P<O.OS) different. Simi lar with the number of beans obtained, the highest 

mean abort ion per plant (49.2±16.3) is also found in those coffee plants growing under 

the restoring shade of A. abyssinica while E. divinorllm and C. macrostochYlIs followed 

with a mean value of 22.S±7.9 and 20.2S±IIA, respectively. The least aborted beans 

0.37±O.2 were also found on coffees growing in the degraded sunny exposed area (Fig. 

22B). 
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Figure 22. The mean: (A) number of beans per berry; and (8) number ofbcans oblaincd 

and aborted on five-year-old C. arabica, growing under the rstoring shades of C. 

macrostachyus. E. divinonl1l1 and A. abyssinica, and on open sun. Symbols 

indicate ± SE (n=8 replicates per treatment). 

As far as the number of beans obtained is concerned, coffee plants in the restoring 

A. ahyssinica shaded provide the highest (169. 1±50.3) yield. Meanwhile, the restoring C. 

macrostachyus and E. divinorum shaded coffee plants nourish the second and the third 

yield with a mean bean number of 106.4±54 and 95 .. 2±3I , respectively. However, colTee 

populations on the degraded sunny area showed the least bean providing group with a 

mean of J±O.6 (Fig. 22B). 

Correlations (r) between the number of bean obtained and aborted from the coffee 

plants on the restoring shade of C. macrostachyus, E. divinorum and A. abyssillica, and 

fi d . . ·gnificant associations rom egraded-sunny exposed showed that, a poSitIve SI 

(rc=O.994**., rr O.969.", rA=O.827* and rrO.933*") were observed between number 

ofbeons obtained and aborted. 
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'J 5 Fresh and d ry weight of berries, pulps, pa rchments and b, '. . . . ans 

Berry weight assessment made on harvested coffee berries · d· d 
In Icale thai berrirs 

developed under the restoring shade of C. macrostachyus E divinorum and A b .. 
, . . a ~'sslmca, 

and degraded·sunny coffee plants were signi ficant ly (P<O.OO I) different. Coffee berries 

under A. abyssinica shaded condition were heavier than those developed on plants grown 

under E. divinorum. C. macroslochyus and exposed to sun (Table 6). In addition, Ihe 

mean minim um and maximum berry weight developed in those coffee populations under 

the shade of E. divinorllm, C. macroslochyus and direct sun light were also significantly 

lower than those obtained from the restoring A. abyssinica shade. 

Table 6. The mean weight of mature red berries from coffee plants growing under the 

restoring shades of C. macrostachyus, E. divinorlllll and A. aby!"sill ica, and on open 

sun. 

unable Treatments Signitiunce 
c Full 

macroslachvtls E. divinorum A. abyssinica sun 

Average wei ght of 
bt")jg) 0.94 1.1 4 1.42 0.12 s 
Minimum weight of 
beoy(g) 0.72 1.02 1.33 0.11 5 

Maximum weight of 
bt!!Jig) 1.19 loll 1.48 0.13 s 

(P<O.OO I): (s) signi ficant ly different 

As shown in (Table 6; Fig. 23A) the mean maximum berry we ight is sign ificantly 

higher than the minimum berry weight in the case of coffee plants grown under the 

restoring shade of C. mocroslocliYlls, E. divinorum and A. Abyssinic(I. However, no 

significant (P>O.05) diffe rence fo und in those berries obtained from coffee plants growing 

on the open sun. 
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Figure 23. The mean: (A) weight of berry; (8) fresh weight of pulp; (C) fresh weight of 

beans with parchment and dry weight of beans with parchment; and (D) dry weight 

of beans and parchment on five-year-old C. arabica, growing under the restoring 

shades of C. macros/oel/yus, E. divinorum and A. abyssinica, and on open sun. 

Bars indicate ± SE (n=8 repl icates per treatment). 

As illustrated in (Fig. 238) the pulp fresh weight of berries from the three restoring 

shades and degraded-sunny exposed showed a significant (P<O,05) different weight. 

When comparing the mean fresh weight of pu lp harvested from each group, there is a 

significant higher mean 50.67±16.2g we ight value in the restoring A. abyssillica shaded 

coffee populations than the weight of the pulp from C. mocrostachYlIs with 35.52±21.9g 
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and £. divinorll111 with 33.9±14.9g. The lowest s i g~ificant (P<o 0 . 
. 5) fresh weIght of the 

ulp is from coffee plants growing in the degraded sunny d . 
P expose with the mean weight 

" Iue O.49±O.3g. 

Coffee plants growing in the restoring shade of C macroslacl £ , . . 
• 'YIIS, . t IVlOOnlnJ 

and A abyssinica have no sign ificant (P>O.05) difference on the ' h . h f . Lres wClg t 0 beans 

with parchment. However, the weight of beans with parchment obtained from the three 

restoring shaded coffee plants signi ficantly (P<O.OI) differed from degraded-sunny 

exposed coffee plants. 

As it is shown (Fig. 23C), the total dry weight is lower than the fresh weight of 

beans with parchment on the restoring shade of C. macroslac/ryus, £. divinonlm and A. 

abyssinica coffee plants unli ke sunny exposed coffee plants. Referring to the dry weight 

of beans with parchment. the highest significant (P<O.05) mean dry weight is recorded 

from the restoring A. abyssinica shaded coffee plants with 58.8±18.9g, rollowcd by c. 

nlacroslachyus and E. divinorlltn based coffee plants with a mean dry weight or 

23.7±15. lg and 20.8±5.9g, respectively. The lowest signi ficant (P<O.05) dry weight of 

beans with parchment obtained from those coffee plants growing exposed to sun and with 

a mean dry weight of O.09±O.05g. 

The dry weight of beans obtained are higher and significantly (P<O.OO I) different 

than parchment dry weight on the same treatment groups. Although such dry weight 

difference occurred in between beans and parchment. no sign ificant (P>O.05) changes 

OCcurred among the groups when the parchment dry we ight is concerned. Howevcr. the 

dry weight of beans from coffee plants under the restoring shades and degraded·sunny 

exposed showed a significant (P<O.05) difference (Fig. 230). 

. ded· th se coffee plants growing The htghest mean dry weight of beans recor In 0 

d . 9 8±15 9 whereas C macroslachyus un er the restoring shade of A. abyssinica wuh 4. . g, . 
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dE. diVillorlim shaded plants anained 18.5±11.9g and 15 9±4 4 . 
an . . g, respectively. Similar 

with the fresh weight of beans with parchment, the lowest significant (P<O.05) bean dry 

'eight is found in coffee plants growing on the degraded·sunn W . . . \\ yarea. eight assocmtlons 

between the traits of berry and beans were all positive and a s· 'fi ( , 19n1 leanl r~.999, 

r(,,0.968, rA"" I.OOO and rF. O.881) association occurred on the four treatment groups. 

4.3.6. Bean size a nd bean weight per thousand (glIOOO beans) 

The randomly selected coffee beans from the four treatment groups showed a 

significant (P<O.OO I) difference. The mean bean length obtained from coffee trees under 

the restring A. abyssinica shade were significantly the highest (1.1 6±O.05 em) than E. 

divinorum and C. macrostachyus with a mean length of 0.82±O.02 em and 0.66±O.02 em 

respectively. Furthermore, the lowest significant mean bean length (0.44±0.02 COl) WIlS 

recorded from those coffee plants growing exposed to the degraded-sunny arcu (Fig. 

24A). 

The mean coffee bean weight per thousand beans (glJOOO beans) among the 

treatment groups showed statist ically significant (P<O.OOI) difference. Thc colTee bean 

weight (gl IOOO beans) of five-year-old C. arabica L. plants decreased significantly 

(P<O.OOI) from 276.1g from A. abyssinica shade to 192.3g E. divi1lorllm shade, then to 

137.1 g C. macrostachYlis shade and further to the sunny exposed coffee plants with 109 

(Fig. 23). The result indicated that the highest and the lowest gllOOO beans obtained from 

coffee plants under the restoring shade of A. abyssinica and on those coffee plants 

growing exposed to sun, respectively (Fig. 248). 
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Figure 24. The mean: (A) bean size; and (8) beans (g)/1000 beans obtained on five-year­

old C. arabica, growing under the restoring shades of C. macrostllcityus, E. 

tiivinorum and A. abyssinica, and on open sun. Bars indicate ± SE (n::8 replicates 

per treatment). 

4.3.7. Bean-berry weight ratio and coffee yield 

There was also considerable significant (P<O.OOI) variation in the beanlbcrry ratios 

measured from those coffee plants beneath the restoring shade and degrade-sunny area. 

The shade of A. ahyssinica had the highest beanlberry ratio with 0.38, while the result 

from coffee plants growing exposed to degraded-sunny area had the lowest beanlbcny 

ratio with the value of 0.01. The beanlberry ratios identified from the restoring shade of 

C. macrostachyus and E. divinorulII were also about 0.20 and 0.26, respectively (Fig. 

25A). 

There was a very noticeable significant (P<O.OOI) difference among the four 

treatment groups concerning weight of beans per berry. The mean weight of beans per 
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belT)' in the restoring shade of A. abyssinica stands wa . . 
S signtficantly (P<O.OO I) higher 

Yith 0.55g than that in E. divinorum with 0.3g and C 
\ . macrostachyus with 0.19g stands. 

Add it ionally, the coffee plants growing on the degraded-su . . nny slle stili showed the lowest 

value in terms of weight of beans per berry with the mean value ofO.003g. 
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Figure 25. The mean: (A) beanlberry ratio and weight of beanslberry; and (B) coffee 

yields (g/plant) obtained on five-year-old C. arobica, growing under the restoring 

shades of C. macrostachyus, E. divinorllm and A. abyssinica, and on open sun. 

Bars indicate ± SE (n=8 repl icates per treatment). 

Following the fonnula described in the methodology, C. arabica grown under the 

restoring shade of C. macrosrachyus, E. divinorum and A. abyssinica, and on sunny 

exposed site showed significant (P<O.O I) yield response. The overall average results 

depict that coffee trees planted under the restoring shade of A. abyssinica resulted in 

significantly (P<O.O I) highest clean coffee yield with a value of 69.7±20gltree followed 

by E. divinorlll1l and C. macrosrachyus with a value of 17.8±5.2 gltree and 17.6±11 
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berT)' in the restoring shade of A. abyssinica stands " 
was sIgn Ificantly (P<O.OO I) higher 

vith 0.55g than that in E. divinorum with O.3g and C \ . macroslachYIIS with 0.19g stands. 

Additionally, the coffee plants growing on the degraded. '. sunny slle stIll showed the lowest 

value in terms of we ight of beans per berry with the mean value ofO.003g. 
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Figure 25. The mean: (A) beanlberry ratio and weight of beanslberry; and (0) corree 

yields (glplant) obtained on five·year-old C. arabica, growing under the restoring 

shades of C. macros/achYlls, E. divinorum and A. abyssinica, and on open sun. 

Bars indicate ± SE (n=8 replicates per treatment). 

Following the fo rmula described in the methodology, C. arabica grown under the 

restoring shade of C. macros/achyus, E. divinornm .and A. abyss;nica, and on sunny 

exposed site showed significant (P<O.OJ) yield response. The overall average results 

depict that coffee trees planted under the restoring shade of A. abyssinica resulted in 

significantly (P<O.O 1) highest clean coffee yield with a value of 69.7±20gltTee followed 

by E. divinorum and C. macrostachyus with a value of 17.8±5.2 gltree and 17.6±11 

89 

100 

.. 
~ • • 
" .. " u -~ 
~ 
~ 

" • 
'" -• u 

" 
• 



,, / e respectively. This was in contrast to the least significantly (P<O 01) . 5'tre , . value obtamw 

fi n those coffee plants growing on the degraded·sunny exposed . h 
TOI • area WII a "alue of 

O O
I±O 008 gltree, indicating that it is not amongst the Suitable coffee . . . . . growmg site (Fig. 

25B). 

Correlation coefficients between bean yield and number of fruits per tree, and yield 

and weight of beans per fru it from the combined data across the four treatment groups are 

shown in (Table 7). The associations of yield per coffee plant with the number of fruils 

per tree, on the four treatments, were all significantly (rc=O.98S···, TI::(I.950"·, 

TA= \'OOO." and rr O.92S**) positive and highest. However, no significant correlation 

was observed between yield per plant and weight of beans per fruit on the restoring shade 

of C. macrostachYlIs, E. divinorltm and A. abyssinica. On the other hand, a significant 

positive correlation occurred between yield per plant and weight of beans per fruit on 

coffee plants growing exposed to the sun. 

Table 7. Correlat ion (r) coefficients of the mean yields per plant with number offruits 

per tree and we ight of beans per fruit. 

Yitld ptr plant 

C. macroslachyus Number offru its per tree 0.988'" 

Weight of bea ns per frui t 0.581 lit 

E. divinorum Num be r offruits per tree 0.950'" 

Weight of beans per fruit -0.0721 '" 

A. abyssinica Number offruits per tree 1.000'" 

Weight of beans per frui t 0.081 1'" 

Full sun Num ber of fruits per tree 0.925" 

Weight of beans per frui t 0.990'" 

ns p>O.05, *p<O.05, **p<O.OI, * .. p<O.OOI 
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44 Effect of various gibberellic acid (GAJ) on Dowe d I . . r eve opmenl 

The flowering effic iency and prospective flowering power of ' 
,our-ycar-old C. 

arabica on the restoring second site, that is being restored ad' 
n comprised of various 

indigenouS tree species, were compared with cotret: plants subjected to 100,250 and 300 

mg 1'1 GAl so lutions. The flowering parameters that were measured during the study 

period are analyzed as follows. 

4.4.1. Flower bud and flower developmen t 

GAJ significant ly enhanced early anthesis of coffee flower buds that were treated 

with 100, 250 and 300 mg rl GA3 including the control groups. Branches that received 

the highest GAJ concentration (250 mg 1'1 GA3) developed the highest significant number 

(P<O.OOI) of flowering buds at anthesis. The lowest sign ificant number of flower buds 

occurred on coffee plants treated wi th 300 mg ]"1 GA3 fo llowed by 100 mg 1'1 GAl treated 

coffee plants. In contrast, flower buds developed on control branches showed significantly 

higher next to 250 mg 1'1 GAl treated coffee plants (Fig. 26). 

The flower bud development on those coffee plants treated with 250 mg rl GAl solution 

showed a mean number of 212±6.3. The lowest and the second most flower development 

occurred on coffee plants treated with 100 mg rl GAl solution and control coffee ptants, 

with the mean flower bud number of 43.3±3.2 and 97.1±1.6, respectively. 

The flowering parameters which were measured showed sign ificant (P<O.OOI) 

differences between treatments. Flowering among the treatment groups showed variation, 

the largest one observed on coffee plants t~eated with 250 mg rl GA3, followed by 

, , , I" GA d 300 mg rl GAl· Hence progressively decreasmg m groups of control, 100 mg 3 an 

similar with flower bud development, the second largest flowering found on coffee planlS 

of the COntrol group. 
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When comparing the number of flower bloomed " ,a signtficant (P<O 001) . . maximum 

number of flower recorded on lateral branches of four- ear-ol 
Y d coffee plants treated with 

250 mg 1'1 GA3 and a mean flower number of 206.3±6.3 wh' l h 
, le t ase coffee plants treated 

with 100 mg 1'1 GAJ and 300 mg \,1 GAl attained a mean fl 
ower number of 41 %3.2 and 

25.5±2.7. respective ly. The control treatment had a mean 96 8±1 3 n . . IIOWers per coffee 

plant, which is the second highest flower number. 

". 
- Mean nUrt\bcr of flower bu.l 

• .I. 
C:=J Mean number of Hower 

• '" • • c 
~ 
c • 
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• • • • c 10' ~ • • • D 
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, 8n 
100 mg 250mg 300 "" ~a l rol 

GAJconcenlration (mg/L) 

Figure 26. Effects of GAl (\ 00, 250 and 300 mg rl GAl) sol utions on the mean number 

of flower buds and flower developments on four-year-<>Id C. arabica, growing 

under the restoring mult iple shades of nativ~ trees at site II. Control treatment was 

double distilled water. Bars indicate ± SE (n9i replicates per treatment). 

When cons idering the efficiency of developing from flower bud in to coffee 

flower, 97 % of the flower buds that were treated with 250 mg ]"1 GAl de\'eloped 

(bloomed) in to flower. But the control group showed a conversion of flower bud in to 

flower, with a flowering percentage of 99. The rest, i.e. on 300 mg rl GAltrealed coffee 
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I n15 89 % of flower buds deve loped on to flowers and 94 01 rfl 
palO 0 Ower bUds trealed wilh 

100 mg rl GAJ developed in to flowers. 

4.4.2. Flower bud pcr node and number of secondary branch 

In the case of fl ower number per node a sign ificant (P<O 001 ) d·~ , . lu crence occurred 

in between the treatment groups. The number of flowers per node was sign ificantly 

(p<O.OO I) highest on 250 mg rl GAJ treated coffee plants with a mean value of 6.1. 

Whereas the second higher significant (P<O.OOI) mean flowers per node recorded 3.6 in 

the control groups. The number of flowers per node was 2.3 and 1.5 for those coffee 

plants treated with 100 mg r l GA) and 300 mg 1'1 GAl. respectively. The difference or the 

flower per node is shown in (Fig. 27). 

An association between flower bud and 'flower, as a result of various GAJ 

chemicals and environmental cond itions, were significantly (P<O.OO I) positive, and the 

highest correlat ion (r) recorded on those coffee plants treated with 250 mg 1'1 GAl 

(r25o:::0.999) which are fo llowed by coffee plants of the restoring control site (rconuol'" 

0.997), 300 mg r l GAJ coffee plants (r300=0.982) and 100 mg 1'1 GAl treated coffees 

(rlC~=0.978) . However, the result also indicated that the development of secondary branch 

and floweri ng on the same coffee plants showed no significant (P>0.05) correlations. 

Vegetative growth of the secondary branches that were treated with different 

growth regu lators showed significant (P<O.OOI) differences between control and GAl 

treatment. The average secondary branch growth for fill treatments was most vigorous in 

those coffee plants treated with 300 mg 1'1 GAJ solut ion, with the mean number of 48.6 

per plant (Fig. 27). 

Meanwhile, the growth of secondary branch decreased consistent ly on coffee 

plants treated with 100 and 250 mg 1'1 GAJ solutions, which mean number of 27.5 and 
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1
48 respectively. Nonetheless the control group 'showed Ih 1 . , e east number of secondary 

branch development. 
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Figure 27. Effects of GAl (100, 250 and 300 mg rl GAl) solutions on the number of 

flower buds per node and secondary branches development on four-year-old C. 

arabica, growi ng under the restoring multiple shades of nalive trees at site II . 

Control treatment was doub le disti lled water. Bars indicate ± SE (n=6 replicates 

per treatment). 

4.5. Floristic composition of the study sites 

A total of 112 species was found across all experimental and reference plots during 

the study period, and a significant (P<O.05) higher ~umber of floristic composition ex isted 

on the site which is be ing restored than the degraded site. A complete listing of species by 

treatment combination is given in Appendix I and 2. 

S
. . . . d d fi h selected sample plots in 

pecles be longing to 42 families were recor e rom t e 

Ih . : ·fi t (P<O 05) difference on the 
e site which is being restored. and showed a SlgOl Ican . 
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number of plant species among grass, herb, shrub and tree Ho . . 
. wever, no sIgnificant 

(P>O 05) difference occurred on the number of plant species p , 0 be 
. r sent In tween shrub and 

tree vegetation type. Fabaceae, Asteraceae, Achanthaceae and Poac,a, 'a 010 
I; mIles were 

represented comparatively by the highest number of plant snPl'ie" hOI 0' 0 0 
r~'" .., W I e lllC maJomy of 

the families including Podocarpaceae family represented by only 0 one specIes. Trees 

accounted for 32 % of the naturally.regenerated woody species, such as lIagenia 

abllssinica, Juniperus procera, Podocarpus fa/calus Millel1ia!<mgi""G A', 
r ' .... , a CUroPlll!tI 

subsp. cllspidata, A. abyssinica, Vernonia amygdalin, Allophyllus abyssinicus. Prunus 

africana, Syzygium gllineense as well as keystone tree species such as Ficus I'(jsta, F. 

s},comorlls subsp. sycomorlls: F. sycomorlls subsp. ·gnaphaJocarpa and F. sur. Shrubs 

accounted for 31 %, herbs accounted for 24 % and grass accounted for 13 % on the study 

site which is being restored. 

However, the ncarby degraded reference plots· were comprised of 10 plant species 

rrom different 7 families, and showed no signilkalJt (P>O.OS) difference on the number of 

plant species within the grass, shrub and tree. The vegetation type included grasses, 

shrubs and few drought tolerant tree species. For example, the grasses were Penniselum 

selaceum, Andropogone schirenis, Eieusine floccifolia and Panicum ruspolli. Shrubs 

included Carrisa spillarum, Rumex nervoslIs and ·Sida schimperina. The tree species 

included A. abyssillica, EucaiyplUs globules and EllcalyplIIs camoldlliensis. 

95 



CHAPTER FIVE 

I. DISCUSSIONS, CONCLUSIONS AND RECOMMENDATIONS 

5.1. DISCUSSIONS 

This study was undertaken with the explicit goal of in t'. . 
yes 19atlng the Impacts of 

restoring native trees and/or shrubs such as C. macrostaclnn,s E t·. 
. 'J' , • lIvmomm and A. 

abllssinica on the successful regeneration of soi l fertility and prov's' r ' b 
J I Ion 0 lavora Ie 

conditions (air temperature) for the re-i nstatcment of critical life support systems. To this 

end, the phrase Restoration Bioassay was coined and an environmentally demanding plllnt . . 

(Coffea arabica L.) was used to test extent of restoration of previously degraded 

landscape. 

5.1.1. Environ mental conditions of the study site 

5.1.1.1. Air temperature (T. ir) 

Temperature is known to be an important determinant of growth and reproduction 

of C. arablea (DaMana, 2004). A num ber of previous studies indicate that coffee is a 

ctimatically sensitive crop, and the optimal air temperalUre (Tlir) for production of coffee 

ranges between 18-22 °C (Alegre, 1959; Demel Tek~tay, 1999), 

In thi s study, the site which is being restored fulfilled the desired Tall for the 

growth and reproduction of C. arabica, Maximum and minimum Tlil ranges between 19-

26°C and 8-11 °C, respective ly, while the m~n ann~a l T ail ranges between 10-23 °C. 

Consequently, the negative effect due of low T~ir inducing chilling or cold stress as 

reported elsewhere (Alegre, 1959) was not dete?ted in this study, For a comparative 

study, Tail between the site wh ich is being restored and the nearby non-restoring sites 

were compared and found out higher in the I,atte~, w,here it ranges between mean valucs of 

. . ,. lVl<:."ible to 
15-30 °c, As a result of the mean Tair difference bet\veen the two sItes, It IS 1'--

. .' d 's clearly due to the state that the lower Tair range in the site which IS ~etng restore 1 
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presence of various indigenous (like A. abyssinica;. C. macrostach"lIs and" d" " ) 
'J L. 1I"norum 

Plant species that have a potential in regulating extreme T . h b " .'f ell er y reducing excess air 

C0 2 or prov iding shade to the environment or reducing d' I ' 'd 
.rec mCI cnee of solar radial ion 

(Legesse Negash, 2010). The shade has an imp'act in stabilizi bo h h " 
ng t t e soil and T .. 

(Morais e/ al. , 2006). Shaded soil has the ability to 'stabilize Ih 1 1 h e oca I ennal balances 

and also to reduce the heat flux caused by the accumulated plant based b" (M " .omass oralS el 

01 2006). Shading buffers the extreme Tafr variations and provo"des a m" I" h" h ., leroc Imale W Ie 

attenuates extreme T air and soil and preserves sur..r~ce soil humidity (Campanha el al., 

2005; Legesse Neegash, 2010). Siebert .(2002) also reported Ihal shading reduces and 

stabilizes the soil lempmalure by reducing the radiant nux reaching thc soil and 

mod ify ing the temperature amplitude at the soi l surface, which in tum promotes 

reslOration (John, 1997; Legesse Neegash, 20!O). -~ . '. 

5.1.1.2. Photosynthetically active radiation (PAR) 

Although, coffee pl.ants are said to be a photo-inhibited plant with greater quantum 

utilization efficiency for photosynthesis, excessive shading wou ld decrease growth and 

productivity of coffee trees because the plant spenCmilch of their photosynthetic activities 

for maintenance purpose (Campanha et al., 2005;-Mayoli and Gitau, 2012). In this study, 

the site wh ich is being res10red was assessed through PAR value due to the interception of 

solar radiat ion by various shade trees, The incident solar radiation, PAR, was greatly 

reduced and significantly different for coffee trees grown under the restoring shades of A. 

abyssinica, E. divinorum and C. macrostachYlIs, than the nearby non-restoring sites, 

Compared to the non-shading plots (which re~e ived 840 ~mol m·
2

s"1), photon flu.'{ 

densities beneath C. macrostac;'yus, E. divinorllm and A. abyssinica and at the top of the 

coffee plants were 374, 107 and I I 7 ~mol m,2s·1, r~spect ively. These values represent 45, 

1 J h d t es The reduced PAR under and 14 % respectively of shades afforded by t~ S a ere. 
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the restoring shade trees as it is explained in Table 3 Prov"d . 
. ' I e a SUitable shade for coffee 

Janis either by utilizat ion or reflection oflhe exce:ssive light d· . . 
p ra 13110n coming from the 

sun and helps understory photo· inhibited plants like C. arabica to b· . 
. . 0 lam SUitable photon 

flux radiation (PA R) for the process ofpholosy~thes i s (Mayoli and Gitau, 2012). 

The amount of photon flux densities at the bottom of the coffee plants grown 

beneath C. macroslachyus, E. divinorum and A. abyssinica were 309, 33 and 30 ~ol m' 

25.1, respectively. These values represented light a~sorplion of 17, 69 and 74 % by coffee 

plants grown beneath C. macrostachyus, E. divinoTlI11I and A. abyssillica, respectively. 

Coffee trees growing under the tree shades had a more photosynthetic rate, thi s condition 

can be explained by the fact that coffee trees growing under shade showed ccnain 

morphological mod ifications and physiologica"l tidaptalions (Campanha el al. , 2005; 

Mayoli and Gitau, 2012), and their leaves are capable:of absorbing more than 90 % of ttle 

energy contained in the wavelengths between 400' and 700 nm (Muschlcr, 200 1). Hence, 

light availability under shade was reduced by 75 % compared to open sun conditions 

which are the vita l requirement for the growt!) ofph"oto-inhi bited plants (John, 1997). 

5.1.1.3. Soil 

Only a few studies have been conducted in Ethiopia with the aim of investigating 

the impacts of ind igenous tree species such. as ' i abyssinica, £. divinQrllm and C. 

mocrostachyus used for th~ mechanism ofrestoratitm-and there impacts on soil properties. 

Indi genous tree species ha ve. extremely valu?ble biological attributes, which arc 

particularly useful for soi l regeneration (Legesse Negash, 2010). These attributes are 

manifested through trees: deep roots, which extend "inlo ground for selectively extracting 

. .. d· ·th 1O\\1h and development of the essential macro- and mlcro-nutnents to be use 111 e g 

t . . ". . . rates which enable the tree to 
rees massive body; fast leaf senescence and abSCISSion , 

rod (dead fine roots, outer bark p lice large quantities of leaf litter or necr.omass 
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components. secondary branches, leaflets, flowers pod 
, S, and seeds) per unit time; tender 

leaves, which easi ly break down into pieces during the d 
ry season, and decompose readi ly 

during the wet season (Cadish and Giller 1997' Leg N 
' , esse egash, 2010). This ensures 

rapid nutrient tum over, thus making indigenous trees am ' .. 
n e IClcm fac lhty for pumping 

nutrient elements from the ground/subsurface to the surf: f · 
ace 0 SOIl. The trees also 

improve soil ferti lity through fixing atmospheric nitrogen as well as micro-sile 

improvement th rough the provis ion of shade (Raymond and Roy 1995· L • , egcssc Negash, 

2010). 

Soil ferti lity restorat ion depends on numerous caelors · I d· 
Ii mc u mg species used, 

provenance, density of trees, climate, season, age· and decomposition rate of litters Or 

necromass (Nelson and Sommers, 1982; Legesse Negash, 20JO).The decomposit ion 

process itself is controlled by three interacting factors: the physical and chemical 

environment (e.g. climate, soil mineralogy), substrate quality and the decomposer biOla 

(Lavelle el 01., 1993; Myers el 01., 1994; Cad ish and Gi ller, 1997). 

The presence of favorable soil texture (56 % clay, 31 % silt and 13 % sand) on the 

site that is being restored provided a suitable condition for the vegetative and reproductive 

growth of C. arabica. Such soi l composition together with Ihe presence of high organic 

matter and soil biota results in producing essentia~. plant nutrients, well aerated (oxygen 

supply) and cond ucive water holding capacity ··of soi ls (Adel and Travis, 2010). 

Consequently, due to the restoration of various plants in the site that is being restored. less 

bulk (1.46 glcm3) and part icle density (2.52 g/cm3
) were restored than thc non-restoring 

Sites, and could serve as an indication of restoration success that we have measured the 

Successfu l estab li shment and life-cycle completion of C. arabica. Compaction resul ting 

from intensively grazing animals might have caused thc relatively higher bulk density 

val . . . h h t fthe respecti ve soi l surface ues In the surface soi l of the non-restanng sues t an ta O 
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ofthe restoring sites. The reason for the lowest soil b Ik d . 
U Cnslly on the restoring sites is 

clearlY due to the presence of less disturbance of the I d d . 
. an un er restoration unlike the 

non-restoring sites. 

Also, optimal pH range from 6-7, favorable exchange bl b '. 
a e 3ses and mlcrOnutncnts 

were also established on the restoring sites and such condition is responsible for the 

successful growth and development of C. arabia. The lowest val f II ue 0 p ' under the 

restoring si les may be due to the depletion of basic cations in crop harvest d d . . an ramage to 

streams in runoff generated from accelerated erosion. Generally, the pH values observed 

in the study area are within the ranges of moderately acidic to neutral soil reactions as 

indieated by Foth and Ellis (1997). 

The resu lts also showed that the restoring sites had higher contents of tOial 

nitrogen, organic carbon, available phosphorous aod electrical conductivity than the 

nearby. non-restoring sites. According to the cl~sificalion of soil organic carbon as per 

the ranges suggested by Landon (1991), the soils of the non-restoring sites are very low to 

low (0.99- 1.85 %) in organic carbon content than the organic carbon of the restoring si tes 

which falls on the medium range. Following the rating of total N of> I % as very high, 

0.5 10 I % high, 0.2 to 0.5 % medium, 0. 1 to 0.2 % low and < 0.1 % as very low N status 

as indicated by Landon (199 1), the level of mean total nitrogen (0.34 %.,) analysed in soil 

samples collected from the soils of the restoring sites falls within medium range which is 

0.25-0.36 %, while the mean level of total nitrogen (0.24 %) obtained from the non­

restoring site falls with in low range wh ich is 0.13-0.25 % (Landon, 1991; Raymond and 

Roy, 1995). Additionally, the leve l of available phosphorus (12.5 mg/Kg) analysed on soi l 

~mples collected from the soils of the restoring sites fa lls within very high range which is 

' II . ho (7 25 m"'Kg) obtained from the mglKg. However, the leve l of available phosp rus. 5' 

non-restoring sites fa lls with in the medium range w~ich is 4-8 mg/Kg. 
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The highest levels of organic carbon total nitroge d . 
, n an available phosphorus on 

Ihe restoring sites are clearly due to the presence of native a d k 
n eYSlOne tree/shrub Species 

capable of pumping nutri ents deep under the surface of the eanh be 
to used for Ihe growth 

and development of vegetative and reproductive parts (Raymond d R 
an oy, \995; Legesse 

Negash, 2010). When these plants die, shade their leaves and/or loss th b 
. e Outer ark 

"omponents, secondary branches, leaflet s, flowers, pods d d " , an see 5 in 10 the soi l , 

decomposing organisms excrete a variety ,pf enzymes and breakdown Ihc 

necromassllitters (Raymond and Roy, \995; .Legesse Negash. 2010).10 well-aerated soils, 

Ihe end products of decomposition are carbon containing compounds, NH1' and H2PO~- , 

and these boosts the level of organic carbon, ·total nitrogen and available phosphorus in 

the soil (Landon, 1991 ; Legesse Negash, "201 0). ~n general, deforestation, overgrazing, 

leaching, limited recycling of dung and cr0p ~esidue in the soil, continuous cropping and 

soil erosion have contributed to depletion of organic carbon, total nitrogen and avai lable 

phosphorus and potassium on the non-restoring sites as compared to the adjust restoring 

sites. 

This study indicated that the level of fertility indicators (namely, presence of 

adeq uate available phosphorus, total n itroge~·. organic carbon and clc<:trical conductivity) 

in the restoring soils were significant ly higher, compared to those sampled from the non-

restoring sites. The lower levels of macro~ and micronutrients on the non-restoring sites is 

clearly associated wi th the remova l of vegetation ~over, overgrazing, soil erosion and low 

content of organic matter (Landt?n, 1991)." .. 
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5.1.2. Vegetative growth responses of the coffee plants 

In thi s part, the vegetative growth responses and em' . 
' . . IClcnC1CS of C. arabica on the 

,ite which is being restored, growing under thl! shade C. macrostachy . E d' , 
• W , . IvmorW/I and 

A ablissinica wiJI be discussed. In this study, stem height develop f h ' 
. " ment 0 t e C. arab/ell 

[l'eeS was slow du ring the dry season (December and January) where Ihe T ' I h' 
III' IS a so Igh. 

The growth of stems was also rapid in the rainy season (March) and perioo of low 

temperature (October and November), The same result were identified in Vi~osa, 

southeastern Brazil, where increasing temperatures in Vicosa would temporary depress 

the growth of shoot, as noted by Barros et al., (1997). The result showed thai the three-

year-old coffee plants grown under the t~ree restoring shades showed no significant 

change in stem height. When assoc iating the growth of stem height with the T.,r and PAR, 

the result indicated no significant correlation. 

Coming to the number of branches under the restoring shade of C. mocroslaclryus, 

E. divinorum and A. abyssinica, no significant difference occurred. However, the number 

of coffee lateral branches deve loped in the' shad.e of E. divinonllll showed relatively 

higher than A, abyssinica and C. macrostachyus ~haded coffee trees. The result or this 

study disagrees with the works of Catalina el al., (20 10) where branch development 

depends on the shade level (PAR). 

Quite the opposite, the number of nodes significantly differs in between the three 

restoring shades and the highest node and "Ieaf ri..umber observed on the shade or A. 

abyssinica which is followed by C. macrosfachYlIs and E. divinonml shaded coffee plants. 

The stUdy found out that a negative significant correlation exists in between the number 

f d h h de When the PAR le\'el o nodes at each restoring shade and the PAKvalue un er t e sa. 

d ' ' d P I 201 0) The finding or this ecreases the number of nodes increases (Adugna an au, . 

d ' d 'be fewer nodes ronned per stu y agrees with the work of Cannell (1976). which escn s 
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branch as the shade level increases. Node production on 1 t [b 
a era ranches parallels the 

oscillations in growth of piagiotropic branches in C arab' (R " 
. . lea oneh, el 01., 2007). 

Moreover, sim ilar with the works of DaMatta et af. (2007) h " 
, t e shade variety with 

different PAR level on top of the coffee plants influenced in h " 
en anemg growth of more 

nodes with short internode length. 

The highest branch leaf area were found in the restoring shad r A b "" e o . a ~'s.wI/c(l, 

and was an indication of high chlorophyll content for increasing absorption of light 

(Adugna and Paul, 20 10). The result of this study is in agreement with Robakow k" I 
S 1 el a ", 

(2003) which concluded that branch leaf areas decreases as light intensity increases. In 

this study, lower branch leaf area was obtained from coffee plants grown in the shade of 

C. macrostachyus which exhibited the highest PAR level. For shaded coffee plants, the 

increased branch leaf area was mainly attributed to the higher nitrogen contcnt fou nd in 

their leaves (DaMatta el a/., 1999), which is dearly associated with presence of relatively 

high nitrogen content on the soil. As stated by Sylvana er a/. , (2008) shaded plants 

undertake certain modifications such as cjeve lopi~g thinner and larger leaves (Friend, 

1984) with more thylako ids per granum and more grana per chloroplast (Fahl el al., 

1994). These mod ifications allow them to efficiently capture and utilize the available light 

energy in order to increase their dry matter production (Sylvana el a/., 2008). It is likely 

that the increased branch leaf area und~ r- .. the restoring shaded coffee plants partly 

contributed for the higher rate of photo~yr::hesis observed under this condition. 

d 1"" db Photosynthetic rate of coffee plants grown on open sun, on the other han, was Im lte y 

stomata closure, high leaf temperature and low internal carbon dioxide concentration 

(Catalina el a/., 20 I 0) . The .findings of this stU?y indicated that, positive response on the 

. . .. . . h d trees (C macroslaclrYIIS 
vegetative growth of C. arabica l.mder the two restaTIng s a e . 
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and A. abyssinica) and one tree/shrub (E. divinorllm) indica! d h 
e I e SUCcess of restorat ion 

at the CITPBDE" 

5.1.3. Berries and beans performances of the coffee plants 

The growth pattern of C. arabica fruits has been desc "bed "h n Cit cr as double 

sigmoid-shaped curve (Geromel et ai. , 2006) or an approximately I" (C ' mear Curve unha, 

2007). The current study at the site that is being reslo;ed identified the P f ," TeSCnCt 0 mear 

curved arrangements of berries on the fruit ing nodes ofthe five-year-old C. arabica, 

In fact, fruits that expand during the wet weather become larger, with larger loculcs 

(Animm and Boamah, 20 10), which are subsequently filled with larger beans than fruits 

wh ich expand during the hot and dry weather. However, the result of this study showed 

similar expansion of berries during the hot and dry month of December and afterwards. 

The rains during the season are a key ecological factor in determining the interval 

between flowering and seed maturation (Adugna and Paul, 2010). In many coffee species 

adapted to dry regions this interva l is very short, only about three months for some 

species from eastern Africa such as Coifea racemosa (Charrier and Bcrthaud, 1985). 

However, the result of this study showed that the interval between nowering and seed 

maturation, took only 8 months and it defines how the site is becoming success ful and 

efficient like some of the coffee growing regions/zones of Ethiopia, where the 

development of coffee berries took period of 8-12 months (Adugna and Paul, 2010). 

The vegetative growth in the case of fruit bearing coffee plants showed on 

" "fi " " " b f b h Rapid vegetative growth and sign! leant mcrement In stem height and num er 0 rane. 

fruit development appear to occur at different times, suggesting incompatibility or 

" " dB h 2010) Climatic factors competit ion between the two processes (Antmm an oama , . 

. .' ch a way that usually the)' 
may modulate the vegetat ive growth and frUIt productIOn, III su 
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do not coincide (Maestri and Barros, 1977; Barros el af 1999) 1 
." . n fact, coffee berries act 

as priority sinks so that dry maner allocation to them rna be 
Y more than four limes In:u 

allocated to branch growth over the annual production c I (V 
YC c aaSl el al.. 2005). In 

add ition, during the latter stages of growth fruits may ace 1 
' umu ale over 95 % of Ihc 

current uptake of potass ium, phosphorus and nitrogen where the t ' '. , nu Ticnts arc aV1111abie In 

Ihe restoring sites. Therefore, reduced shoot growth is commonly b d (M . o serve ayoh and 

GilaU, 2012). 

C. arabica planted under the restoring shade trees showed significant rt--sponsc in 

most of the parameters undertook, with the exception of red berry abortion and fresh 

weight of beans with parchment. The overall average results on the number of green and 

red berries counted and harvested during Ihe study period depicl lhal coffee lrees planted 

under the restoring A. abyssinica shade resu lted in the significantly highest number of 

coffee berries fol lowed by the restoring shades ore. macroslOcilYlIs, and E. divinorllnl . In 

view of the number of beans with in a berry, the result also described the same as the mean 

number of green and red berries per plant. The highest one and two bean containing 

berries were found on coffee plants under the restoring shades of A. abyj·silliclI. followed 

by e. macrostachYlis and E. divinorllm. Therefore, the presence of favorable soil 

nutrients, such as organic carbon, total nitrogen and available phosphorous, plays a vital 

role for those coffee plants growing under the restoring shades of A. abyssillica. This was 

in Contrast to the harvest obtained from coffee plants growing on the open sun and less 

restored site, ind icating that it was not amongst the suitable coffee growing sites (Adugna 

and Paul, 20 I I). Nonetheless, the most unstable berry number and unequal growth of 

be . h d of C mocrosllIcI'J'lIs. and it ans were noted from coffee plants under the restormg S a e . 

. 1 f' 1 s and this made the coffee IS c early assoc iated with the dec iduous nature 0 Its eave 

I h f1 As a result of this. the 
p 3nts growing under its shade exposed to adverse pOlan ux. 

IDS 



rowth and development of berries became affected and od 
g pr uced unequal sized and low 

number of mature red berries. 

In addition, the significant highest mean fruiting nod ] 
es per p ant OCcurred on coffee 

Plants growing under the restoring shade of E. divinorum eve 'f h 
, nIt e coffee plants within 

this shade attained the lowest mean berry per node As the work fC ]' 
. 0 ata ma el al. , (2010) 

indicated, high shade levels under the canopy of various tree spec',es d h re uces t e number 

of harvest and berries per node, keeping the number of fruiting nodes high. 

The study showed a significant difference on the amount of beans per berry, and 

the highest one and two beans per berry were identified on coffee plants under the 

restoring shade of A. abyssinica, than C. macrostachyus, E. divinorlllll and those grown 

on open sun. However, there is no significant difference on three beans per berry among 

the four treatments. The fresh weight of berry assessment made on harvested coffee berry 

indicated that beans developed under the restoring shades showed a signi fi cantly dilfcrent 

and higher than and coffee trees grown on open sun, similar with the works of Adugna 

and Paul (2011). The fact that shade resulted in heavier and larger size colfee beans was 

mainly caused by its effect on temperature and the duration of the ripening period 

(Adugna and Paul, 20 11). Muschler (200 1), who found comparable resul ts, indicated that 

coffee bean weight and size significantly and consistently increase even with increasing 

shade levels. Simi larly, the shade effect on the current study showed a comparable weight 

and size difference, where the highest weight and size recorded on A. (lbyssillic(I shaded 

coffee plants while the lowest berry weight and size fo.und on those coffee plants growing 

, "fi d th 'ght of beans growing on the on open sun. The same shade mfluence Identl Ie on e weI 

" ' 'd r. ffee plants growing on the Our treatment groups, and higher bean weIght obtame ,rom co 

restoring shade of A. abyssinica. 
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The works of (Vaast et 01., 2006) indicated sh d 
a e grown coffee ga\'c lo .... er }irlds 

than coffee in the open sun. However, the study perfonned b 
y Adugna and Paul (201 1) 

showed the highest yie ld of coffee is from shaded coffee I Th 
pants. e result Of lhi5 study is 

in agreement with Adugna and Paul (201 1) since the highe t . Id 
5 r iC s were obtained from 

those coffee plants growing under the restori ng shades of A b ' . 
. a 'YSS1nlca, C. macrostllchyus 

and E. divinorum than from coffee plants of the less restored site. 

This study showed that the restoring sites caused by native I h rees en ance coffee 

weight of berry. weight of beans, and bean size and yield than coffee plants growing on 

open sun. Therefore, restorations of native trees arc the alternative means f b .. o 0 taming 

high yield . Therefore restoration of degraded landscapes using various indigenous trees 

and/or shrubs wi ll promote sensitive plants to grow and indicates the success of 

restoration. 

5.1.4. The effects of GA, solutions 

CofTee flowering embraces a complex sequence of biochemical, physiological and 

morphological events which are affected by several factors such as temperature, light. 

soil, air and water avai labi lity, carbon-to-nitrogen ratio, crop load and genotype (Rena cl 

(II., 1994). Under natu ral conditions, dormancy of flower buds is often broken by either 

the first rains in the season following a dry period or by means of GAl (Reddy, 1979; 

Barros el at., 1999). In this study. the flowering developments of four-ycar-old coffee 

plants were assessed using GA3 solutions and just the environmental triggering factors 

(control groups). Unlike the GA3 treated coffee plants, the control/untreated coffee plants 
• 

began to blossom when the first rains occurred during the end of February and early of 

March. Probably, the deve lopmental stage of flower buds, which can be circumstantially 

affected by endogenous and environmental factors (such as total nitrogen, available 

phosphorous, organic carbon etc.), seems to be the most suitable parameter to be 
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considered when irrigation must be resumed perhaps m h 
• ore so t an waler deficit severity 

per se fo r successful blossom concentration (Reddy 1979- R 
' , , conelaJ., 1994). 

The growth and development of the first bUds was obs d d . 
crYe unng thc months of 

lale January. However, all the developed buds grew in to second b h . 
ary rane cs durmg that 

month. The deve lopment of the first flowering buds observed and °d ." d d . 
I emilie unng late 

February, and the peak of the flower buds occurred during the month of March which was 

associated with the fa ll of rain in the site of the study. 

The result suggests that GA3 at concentrations of 100, 250 and 300 mg rl had Ihc 

potential of enhancing flowering on the treated coffee plants similar with thc works of 

Ursula and Leslie (1992) and Schuch el al., (1 990). The result of this study identified a 

sign ificant difference on the flowering perfonnance among the treatments. The largest 

signi fican t flower ing buds among the treatment groups occurred on those cofTt.'C plants 

treated with 250 mg ]"1 GA3. But the control group developed a signi ficant higher mean 

number of flower buds than the 100 and 300 mg 1'1 GAJ treated coffee plants. The reasons 

why the control coffee plants developed the second largest flower buds is clearly due 10 

the presence of favorable soil nutrient, suitable temperature and avai lable water on the 

restoring site (Barros et aJ., 1978; Schuch el aI., 1990; Crisoslo el 01. , 1992; Jean c/ a'., 

20 10). 

When considering flowering percentage from. the developed buds, it was the 

control group that resulted in developing 99 of the bud in to flower, while only 97 of the 

bud treated with 250 mg 1"1 GA3 bloomed. Th is is an indication of the presence of 

. . . h' be· stored Conversely the control essential key natura l resources on the Site whlc IS Illg re. , 

groups exhibited the least flower bud abortion unlike the GA3 treated coffee plants. Such 

. . t alions may be related to the variations in flower ing rate under different GA3 concen r 

. . h I 1990) explaining the mu lt l·factorial control model of flowering (Schue el a., • 
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differences among results from experiments' I ' 
!nVO vmg application of plant growth 

regulators. 

Similar with the work of Ursu la (1990) and Jean el I (2010) 
a " coffee lrees Ircalro 

with 250 mg 1'1 GA3 had the most flower bUds per node. Irrigatio d 'I b ' 
nan aval a Ie nutnents 

combined with GA3 applications increased the number of flo 1 ' 
\Vcrs per p anI when thiS 

regu lator was sprayed at 250 mg 1'1, Even GA3 application increased the number of 

flowers per plant, the conlrol coffee plants also showed a coml'L'l,'bl n ' 
I'~ I C n O\\ crmg 

performance which clearly indicates the restoration success., as a result of restoring the 

native trees, fe rtile soil s and favorable atmospheric conditions. 

Growths of secondary branches were affected by the different GAJ treatments. To 

th is effect, repeated sprays of 100, 250 and 300 mg 1"1 GA3 affected the growth and 

development of secondary branches, which is sign ificantly different on the four treatmelll 

coffee groups. The highest secondary branches were found in those coffee plants treated 

with 300 mg r l GA3, where this group developed the lowest flower bud. On Ihe other 

hand, the control group developed the lowest secondary branches. The result indiC3ted 

that, the effect of GA3 suppressed the development of secondary branches over fl owering 

similar with the works of Cannell (1971). As it is discussed, maximum vegetative growth 

coincided with the flowering period. which is reported for many coffee growing areas 

(C lowes and Allison, 1982). In January vegetative grO\vth remained vigorous for one 

month before flowering was started. Rainfall in March was hi gher than the other study 

period and probably contributed to more secondary branch growth. 

5.1.5. Floristic composition ofthe study site , 

k d b 'd 1 di spersed pioneer species Early successional slages were mar e y WI e y 

" h d' I bance (Myster and Pickett, exploltmg the community niches left empty by t e IS ur 

, ' be I accelerate this process by (a) 
1994). The goa l of any restoratIon project must 0 
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'ncreasing the colonization rate by providing suitable 5 d 
I ee source andlor (b) decreasing 

the decolonization rate or fai led colonization by removi . d' 
ng lmpe Imenls 10 colonization 

(Harris el al., 1996). When judging restoration success it is . 
• necessary to weIgh the merit 

of any restoration efforts in comparison to the successional 
processes thai would take 

Place. In thi s study, the nearby non-restoring sites were '''' rv d h ' .,., e as t C SucceSSional 

controls and the benchmark with which the CITPBDE flor,'st' " Ie compoSition was 

compared. 

In general, there was a significant higher variation in the number of floristic 

composition of grasses, herbs, shrubs and woody sPecies in the site which is being 

restored than the non-restoring sites (Appendix 1 and 2). Moreover, there were very few 

plant species wh ich were present in the nearby degraded landscapes and hence included in 

the site that is being restored i.e. 13.08 % of the plant species found in the site that is 

being restored were also found in the nearby non-restoring sites. The result of this study 

also agrees with the work of John (1997), where the higher vegetation cover found on the 

site which is being restored. 

Thi s increased floristic cover of the site that is being restored is associatcd with: 

the involvement of fast growing plants (such as A. abyssinic(I and Milleltiajcrrllgillc(I) 

which can colonize the area easily (Berger, 1993; Legesse Negash, 2010); the presence of 

deciduous plants (c. macroslacilyus and Hagenia abyssinica) which may recycle nutricnts 

(Elliott et oJ., 2000; Legesse Negash, 2010) and increase the soil fertility to create n 

conducive envi ronment for the growth of other plants (Lamb and Gilmour, 2003; Lcgessc 

Negash. 2010); involvement of various keystone plants (Ficlls sur and P()(/ocarplls 

fi / 'd' d te a suitable condition for a COlliS) which may restore water In the surroun 109 an crea 

h h 20 1 0)' th presence of species tolemnt 
t e emergence of other plants (Legessee Negas , ,e 

to poor soi ls (Carissa if< /') h' h may faci litate , and "aytenlls arbutl 0 10 W IC spmarllNl ml 
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restoration process (Legesse Negash, 2010); involvement . . 
species attractive to frugi\'ores 

(Dovyalis caffra and Psidium guajava) to encourage seed d· 
Ispersal (Legesse Negash, 

20 10). 

The work of Allen (1997) ind icated the presence on t . . 
as growmg SpeCICS and those 

having the potent ial to recycle nutrients are responsible to boo t h fl . . .. 
S t e onstlc composition 

ofa restoring site. Accord ing to Leps (1987) the total nitrogen 0 . rbo . 
, rgaOic ca n, avai lable 

Phosphorous and potassium become more abundant in a restoring s·", h h . w cn suc nutncnlS 

are compared with the non-restoring sites. 

Some of the plants which were identified on the site that is being restored included: 

native trees such as Juniperus procera, Podocarplls jalcalUs, MiIleUia jeruginea, Olea 

europaea subsp. cllspidata, A. abyssinia, Vernonia amygdalin, Dovya/is abyssinica, 

Dovyalis Caffra, Allophyllus abyssinicus, Prllnus Ajrlcana and Syzygiun/ guineellse; as 

well as keystone tree species such as Ficus vasta, Ficus sycomorus subsp. sycolI/orus. 

Ficus sycolllorus subsp. gnaphalocarpa and Ficus sur; naturally regenerated native shrubs 

such as Carissa spinarul11, Albizia schimperiana and May tenus arbuli/olia; herbs such as 

Achyranthes aspero, Bidens ghedoensis, Crassocephalum sarcobasis, HygropiJi/a 

auriculata and ScadoxlIs t1Iultiflorus; and grasses such as Andropogoll schirenis, 

Pennisetllm setaceum and Arthraxon micans. 

Finally the total plants which were identified on the nearby degraded and sunny 

exposed landscape included: Eucalyptus globules, Eucalyptus camaldulensis, Carrisll 

spinarum, Rumex nerVOSIlS, Sida schimperina, Penniselum setaceUI1I, Andropogone 

schirenis, Etellsine floccifolio and Panicum ruspolli. Additionally, one of the drought 

re:;istant trees, A. abyssinico, was also the part of the nearby degraded landscape. This 

h·gh d·fti . . t th t restoration of previously I I erence in understory species composition sugges s a., 
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d d landscapes was the main source of restoring various floristic compositions. 
degra e 

. 1 dO versity and lost key natural resources. 
lnUna I 

The highest floristic composition on the restoring sites than the nonorcstoring sites 

1 
. dicated the success of restoration in terms of structural elements (such as plant 

clear y In 

d 
tree density) and composition of the community (such as number, identity and 

eover an 

abundance of various plants). 
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5.2. CONCLUSIONS 

Restorat ion ecology is a relatively young field "A th 
. s e success of many ecological 

reslOrnlion activities may not be known for many d d eea es or even centuries. it is 

necessary to state very explicitly what is intended for each t' , res orallon project so that the 

degree of success or failure can be determined on a site-specific ba' Th' 
SIS. IS means thlll 

any restoration plan should be accompanied by an explicit statement f ' , , o cntena lor success 

and failure that will penn it rigorous examination of the activity itselr and, equally 

important, identify changes in strategy more likely to reach intended goals. Moreover, 

considering the rate of modification all natural systems are currently undergoing, it is 

necessary to develop wide-ranging restoration objectiv.es with the aim to ameliorlltc past, 

present, and future damage. 

This study has shown that: 

• th rough usc of appropriate native trees, a degraded landscape can be 

restored to the extent of supporting the growth, development and 

reproductive processes of sensitive plants such as CoJJea arabica; 

• extent of restoration success can be quantified through measuring 

vegetative, fruiting and flowering characteristics ofCojJe(1 arabicll; 

• the highest coffee yield performances were obtained from corTee plants 

• 

establi shed under Acacia abyssinica, Croton macrostachYlIs and Ellclea 

divinorllm, compared to those grown in an exposed and relatively less 

restored site; 

coffee plants grown under shady and relatively restored soi l conditions 

' be h ITee plants grown in the exposed produced larger and heaVier ans t an co 

and less restored soil conditions; 
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• compared with the flowering potential of t 
hose coffee plants treated wi th 

various GAl solutions the respo r 
• nse 0 coffee planiS grown O\'Cr II 

previously degraded landscape and aft . 
• er a restoratIon period of 8 years has 

been favorable; 

• coffee plants grown in the restoring shade fA ' . . 
. 0 cacw abyss/Illea had higher 

• 

vegetat ive growth perfonnances when com d ' h 
pare WII coffee plants grown 

under the shade of Croton macrostochyusa dEl d .. n lie ea IVII/Orum; and 

since coffee is Ethiopia's major foreign exchange ... earner, restoring critical 

watersheds and establishing coffee plants in a sustainable manner shalJ 

provide significant boosts to the count!)' not only in lenns of successful 

restoration, but also in restoring nation's economic, food and livelihood 

security. 

5.3. RECOMM ENDA TIONS 

Based on the results reported in this thesis, it is recommended that: 

• restoration of critical watersheds using native trees and shrubs, fo llowed by 

the restoration of plants that are essential for economic development, food 

and li ve lihood security must be scaled-up using mechanisms dct3iled in 

this thesis; and 

• since Ethiopia's nature and natural resources have been dilapidated for 

generations, and since nation"s poverty has been direct consequences of 

these actions, such restoration activ i t i~s must be considered by policy 

makers 'and the Government as nation's priority issues. 
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Appendices 

Appendix I. List of trees, shrubs, herbs and grasses at th '. 
e restonng sItes of CITPBDE. 

S. No Botanical Name 
I Acacia ahyssinica Hochst.ex.Benth. 

Family Vegetation type 
Fabaceae Tree 2 Achyranthes aspera L. 
Amaranthaceae H,rb 

3 A/biz;a sc/timperiana Oliv. Fabaceae 
4 Allophylus ahyssinicus (Hochst.) Radlk. 

T"" 
Sapindaceae T"" 6 Andropogon schinzi Hach. Poaceae Gross 

5 AndropogOIl schirenis Hochst.ex.A.Rich. Poaceae Grass 
7 ArJhrmoll micans (Nees) Hochsl. Pooceae Gross 
8 Aspi/ia africana (Pers.) C.Adams Asteraceae Herb 
9 Aspilia mossamhicensis (Oliv.) Wild ASleraceae Herb to Berkheya spekeana Olivo Astcraccac Herb 
13 Biden preslinaria (Sch.Sip.) Cufod. Asteraccac Herb 

" Bidens macmplera (Sch.-Bip. Ex Chiov.) Mesfin Asleraccac Herb 
12 Bidens pachyloma (Oliv. & Hiem) cur ASleraceae Herb 
14 Buddleja polyslochya Fres. Buddlejaccae ShruWfree 
15 Caesalpina spinosa (Molina) Kuntze Fabaccac ShrubfJ'n..-e 
18 Carduus nyassanus REFries Boraginaccac Shnlb 
16 Carissa Spinarum (Forssk.) Yah l. Apocynaccac Shrub 
17 Carlhamus lanalils L. ASlcraceac Shrub 
19 Casimiroa edulis LaLiava Rulaccac T",. 
20 Cirsium schimperi (Vatke) Cu( Boraginaccac Shrub 
21 Cilnls auranli/olia (Christm.) Swingle RuHlccac T,ec 
22 Citnls limon (L.) Bunn.( Rulaccae Tree 
23 Cilrus sinensis (L.) Osb. Rulaccac Tree 
24 Coffea arahica L. Rubiaccac ShruWfn .. -e 
25 Commelina henghalensis L. COllllllclinllccac Shrub 
26 Cordia africana Lam. lJoraginaccae Tree 
27 Coriandrum salivum L. Apiaccac Shrub 
28 CrassocephalulII sarcohasis (DC) S.Moo, ASlcraceac Herb 
29 Crassocephal1l1ll vilelli11l111l (Bcnth.) Moore ASlcraccac Hcrb 

30 C. macrostachYlls macrostachys Hochsl. ex Del. Euphorbiaccac T"", 
31 Cymhoopogon commlltallIs (stcud.)Slapf Poaccac G"" 
"? ,- Daely/ocelenill'" seindiellm Boiss. Poaccae Grnss 

"" Datllra SlramoniulII L. Solanaceae Herb " 
34 Dicliptera II/aeulala Nces. Acanthaceae Shrub 

35 Dodonaea al1gllsti/olia L.F. Sapindaceac Shrub 

36 Dovyalis ahyssinica (A. Rich) Warb. Flacouniaceae I Shrub 
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37 Davyalis co.!fro (Hook.f. &Harv.) Hook.f. 
Flacouniaceae 

38 Drocenea stuinderi Engl. Shrub 

39 Ekehergia capensis Spann. 
Dracaenaceae Tree 
MeJiaceae Tree 40 Eleusine floccifolia (Forssk.) Spreng. 
Poaceae Gros, 41 EragrosJis papposa (Roem. And Schult.) Sleud Poaceae Gros, 42 Eragrostis schweinfurl'hii Chiov. Poaceae Gros, 43 Eucalyptus camaldulensis Dehnh. 

44 Eucalyptus globulus Labill. 
Myrtaceae Tree 
Myrtaceae Tree 45 E. divinorllm H iem. Ebenaceae Tree 48 Faidherhia albida (Del.) A. Chev. Fabaceae Tree 47 Ficus sur Forssk. Moraceae Tree 

46 Ficus SyCOlllorliS L. suhsp. gnapha/ocarpa (Miq.) Moraceae 
c.c. Berg 

Tree 

49 Ficus sycomorus L. su bsp. sycomorus Moraceae Tree 
50 Ficus vasta Forssk. Moraceae Tree 
51 Flacourtia indica (Bunn.f.) Merrill FJacourtiaccac Tree 
52 Galinsoga parviflora Cay. Asternccac Herb 
53 Grcvillea robllsla R.Br. Proteaceae Tree 
54 Guizotia abyssiniea (L.f.) Cassini Asteraceae Herb 
55 Hagenia abyssinica (Bruce) J.F. Gmel. Rosaceae Tree 
56 HelichrysulII glumacellm DC. ASleraceae Herb 
57 Hygrophila auriculala (Schum.) Heine Acant hace<le Herb 
58 Hypoestes Iriflora (Fo'rssk.) Room. & Schult. AconthacClle Herb 
59 !soglossa lam Oli v. Acanthaceae Herb 
60 JasminuIII abyssinicllm HochsLex.Dc. Oreaceae Shrub 
61 Jasminum Slans Pax. orcaceae Shrub 
62 Juniperus procera End l. Cupressaceae Tree 
63 Juslicia helerocarpa T.Anders Acanlhaccae Shrub 
64 Juslicia ladanoides Lam. Acanthaceae Shrub 
65 Jusllcia schimperiana (Hochst.ex.nees) T.Anders. Ac.'lnlhaccac Shrub 
66 Kolonchoe glaucescens Britten. CmssuJaccae J~ erb 

67 Laggero p terodonora (DC.) Sch.·Bip. Asteraceae Herb 
68 Leucas marlif/ieensis (Jacq.) R.Br. Lamiaceac Shrub 
69 Maesa lanceolara Forssk. Myrsinaceae Herb 
70 Maylenlls arblilifolia (Hochst Ex A.Rich.) Wi lczek Celastraccae Shrub 
71 Millelliajerrugineo (Hochst) Bak Papilionaceae Tree 
73 Nicandro physolodes (L.) Gacrtn . SoJanaceac J·Jcrb 

72 Ocimum IIrlicijolilllll Roth. Lamiaceae Herb 
74 Olea europaea L. var. ofricana (Mi lL) P. Grecn 01caceac Tree 
75 Olea ellropaeo L.subsp. cuspidata (Wall. ex DC.) Olcaccac Tree 

76 Osyris qllotiriporilo Decn. Sanlalaceae Shrub 

77 Oiosiegia lomelliosa A.Rich Lam iaceae Shrub 
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78 Panicum ruspol/i Chiav. Poaceae Grass 
79 Pennisellllll setaceum (Forssk) Chiav. Poaceae Grass 
80 Penniselllfll villosum Fresen. Poaceae Grass 
81 Pholilopsis Imhricato (Forf)sk.) Sweet. Acanthaceae Herb 
82 Phoenix reclinata Jacq. Arecaceae Tree 
83 Pillosporum abyssinicllm Del. Pittosporaceae Tree 
84 Plantago lanceo!ala L. Planlagi naceae Shrub 

85 PleClrantlllls lammginosus (Benth.) Agnews Lamiaceae Herb 

86 Podocarplis fa /calus (Thunb.) Mirb. Podocarpaceae Tree 
87 Polypogon viridis (Govan) Breistr Poaceae Grass 

88 Prunus africana (Hook. f) Kalkm. Rosaceae Tree 

89 Psidium guojava L. Myrtaceae T"" 
9Q Rhamnus prinoides L'Herit. Rhamnaceae Shrub 

91 Ricinus communis L. Euphorbiaceae Shrub 

92 Rosa abyssinica R. Br. Rosaceae Shrub 

93 Ros/rorio crista/a (L.) Tzvelev Poaccac Grass 

94 Rumex nen'QSUS Jacq. Po[ygonaceae Shrub 

95 Ruta chapensis L. Rutaccac Shrub 

96 Salureja abyssinica (Jacq.) Lamiaceae Herb 

97 Scadoxus multiflorus (Martyn) Rat Amaryllidaceae Herb 

98 Senna baccarinii (Chiov.)Lock. Fabaceae Shrub 

99 Sida schimperiana Hochst. Ex Rich . Malvacc.'le Shrub 

100 Sideroxylon oxyacanlha Bai l. Sapowccac Shrub 

101 Solanum if/canulIl L. solanaacce Shrub 

102 Solanum melof/gena L. solanaacee Shrub 

103 Spa/hodea ni/otica Seem. Ooragi naceae Tree 

104 Stephania abyssinica (Dillon & A. Rich.) Walp. Mcnispemlaceac climber 

105 Syzygium guineense (Wild.) DC. sllblp. GI/incense Myrtaccae T,,,, 

106 Urera hypselodendron (A. Rich.) Wcdd. Urticacc:lc l'lcrb 

107 Ur/ica simensis Hochst. ex Stcud. Urticaccae Herb 

108 Verbasclll1l sinailiClim Bcnth. 
Scrophularicuc(''3e Herb 

109 Verbena officina/is L. 
vcrbcnaccae I-Ierb 

110 Vernonia amygdlliina Del. in Caill. Aslcraceac Shrub 

III Vernonia ouricllli/era Hicrn 
Aslcrnceac Shrub 
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<\ppendix 2. List of floristic compositions found on the nearby degraded landscapes. 

S.No Botanical Nam e Family Vegetfllioll type 
1 Acacia abyssinica Hochst.ex.Benth. Fabaceae Tree 

2 Andropogone schirenis Hochst.ex.A.Rich. Poaceae Grass 
3 Carrisa spinarum (Forssk.) Yah!. Apocynaceae Shrub 
4 Eleusillefloccifolia (Forssk.) Spreng. Poaceae Grass 
S Eucalyptus camaldulensis Dehnh. MYr1aceae Tree 

6 Eucalyptus globules Labill . Myrtaceae T, .. 

7 Panicum ruspo/li Chiov. Poaceae Grass 
8 Pennisetum setaceum (Forssk) Chiov. Poaceae Grass 

9 Rumex nervos /ls Jacq. polygonaceae Shrub 

10 Sida schimperina Hochst. Ex Rich. Malvaceae Shrub 

Appendix 3. Physical and chemical properties of the soils collected from the restoring sites 

(site I and site II) and nearby degraded landscapes. 

Tuturt 

Depth Moisture ,II Clay Silt Sand 

(em) W·) ( I :2.5) W·) W·) <-I.) SoildMn 

Silt I 0- 15 11 .86 6.67 " 37 20 Ctay 

16-30 14.78 6.81 " 27 " Clay 

Site II 0-15 15.58 7.05 " 27 " Clay 

16-30 19.88 7.06 67 33 0 CI:lY 

Conerol 0-15 I U3 6.82 41 37 22 Ctay 

16-30 15.78 7.01 " " 22 Clay 

Euhlngellblc baSts (enlOl (+)IJ\,) 

£C 
TN 

\kplh 

(em) (mSk m) C. Mg N~ K ' >( mglKI:l (·4 ) 

OJ 37.26 11.08 0.' 1.4 11.116 0.32 
Sil t I 0-15 

0.1 33.06 10.33 0.4 0.' 4.84 0.2 
16-30 

0. 19 26.01 18.72 0.' 2.7 Il lS 0.35 
Silt II O-IS 

16-30 0.13 28.05 18.34 0.4 2.3 1.77 0.16 

n. 13 12.05 0.4 0.4 7.25 0." 
Control O-IS 0.07 

24.99 19.78 0.' 0.3 OA t 0.07 
16-30 0.03 
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Micro Nutrient (cmol (+)lKg) 

Depth (em) "'n F, C, Z, DO (g/emJ) PO(g/rmJ) OCC%) 

Sile I 0-15 54.79 58.17 2.49 4.3 1.44 2,S5 4.08 
1~30 76.17 131.27 2.3S 1.64 1.48 2.48 2.4 

Sile II 0-15 179. 1 198.47 8.39 3.07 1.39 2.47 4." 

1 ~30 73.22 104.58 4.84 1.69 LS6 2.S9 2.09 

Control 0-15 65.94 73.95 1.7 1.18 1.47 2.' 1.9S 

1 ~30 R81 57.8 1.46 0.61 LSI 2.S7 0.' 

Appendix 4. The mean vegetative growth perfonnances of Ihree-year-old C. arabica (3CA) 

plants growing under the restoring shades of C. macrostachYlIs, E. dil'il1orttm and 

A. abyssinica, at each month ly dala collection. For each treatment, columens 

show the mean and ± S.E (n"" 8 replicates per treatment). 

C. macroslochl'lIs £ (lil'iI,ofllnl A. abl"Ssink(, 

CoJ/eo orohico Months Mo," :l:SE Mc:m ±SE Mean ±SE 
{k, 36.9 1 2.9 33.86 2.62 35.09 5.54 

No, 37.92 2.9 1 36.34 2.86 37.7 5.62 

Stem height (em) Ooc 38.7 2.91 39.66 2.99 39.9 5.75 

J", 39.33 2.S 40.29 3.09 40.7 1 5.57 
Feb 40.58 2.79 43.6 3.20 44.55 5.58 

M~ 41.73 2.77 48.4 S 3. 14 49.85 5.59 
Oct 10.63 1.1 8 15.38 2.28 11 .5 1.87 

No, 11 .25 1.29 16.63 2.4 1 13.25 1.97 

Number of branehs D" 13.13 1.32 18.38 2.43 14.88 1.93 

J", 13.25 1.29 18.38 VB 15.38 1.79 
Feb 13.75 1.32 19.63 2.29 16.75 1.77 

Moe 14.75 1.31 20.88 2.45 IS.5 1.76 

Oct 3.09 0.09 2.56 0.08 2.78 0. 16 

NO' 3.09 0.09 2.56 0.08 2.7S 0.16 

Number of nodes 0" 3.88 0.05 3.3 1 0. 11 3.63 0. 14 

J", 3.88 0.05 3.31 0. 11 3.63 0.14 

Feb 3.9 1 O.oJ 3.59 0. 11 3.72 0.14 

Mru- 4.13 O.OS 4.06 0.13 4.34 0.14 

{k, 2.85 0. 12 3.55 0.17 2.94 0.09 

Internode length No' 2.9S 0.12 3.89 0.17 3.27 0.0. 

(em) Doc 3.09 0. 11 3.S8 0.12 3. 10 0.08 

J", 3.09 0.1 1 3.S8 0. 12 3.10 0.08 
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F,b 3.19 0. 11 3.52 0. 13 l iD 0.07 
M" 3.09 0.13 3.09 0.10 2.8 1 
0" 0.07 

3.94 0.06 3. 13 0.16 3.56 OJ3 No, 4.06 0.12 3, 13 0.16 3.56 0.33 Number of leaves 0" 5.69 0.12 4.63 0.22 5.3 1 0.33 
'00 5.69 0.12 4.63 0.22 5.3 1 0.33 F,b 5.81 0.06 5.19 0.21 S.44 0.28 
M" 6.25 0. 10 6.13 0.26 6.69 0.28 
0" 60.97 1.39 50.41 2.29 49.46 4.12 

Branch teaf area No, 6 1.17 1.38 50.60 2.29 51.96 4.35 
(cm2

) 0" 87.26 4.01 71.96 1.97 81.61 5.03 
'00 87.28 4.01 72.03 1.97 81.69 5.05 
F, b 88.83 4.56 81.78 0.1 1 84.29 4.66 
M" 94.75 5.57 96. 14 1.38 103.00 4. 14 

Appendi x 5. The mean vegetative and fruiting perfonnances of fi ve-year-old C. ambiclI 

(SeA) plants growing under the restoring shades of C macros((lcilYIIS, £. div;lIorl/lII 

and A. abyssinica, and on open sun at each monthly dala collection. For each 

treatm e nt, columens show the mean and ± S.E (n= 8 repl icates per treatme nt). 

c. lIIacrostach),/U £ (/il"jllQr l/lII A. abyssillica ':ull sun 

• 
Coffea arabico Months Mean :l:SE M"," :l: SE Mean :l:SE Mc.1n Sf 

(XI 103.35 4.98 122.75 4.60 99.05 4.84 6O. t3 1,46 

No, 103.37 5. 17 122.85 4.63 99. 13 4.66 61.00 1.34 

Stem height (em) O~ 103.38 5.36 122.50 4.76 99.75 4.55 61.1 3 1055 

'''' 104.25 5.02 123.38 4.40 100.63 4.40 62.00 1.79 

Feb 104.25 5.02 123.38 4,40 100.63 4.40 62.00 1.79 

M" 105.88 5.00 126.50 4.38 104.50 4.38 62.50 1.83 

(XI 35.25 5. 14 35.25 3.34 44.00 6.37 20.38 3.57 

No' 35.13 5.15 37. 13 3.64 44 .00 6.44 20.50 3.36 

Number ofbranehes 0" 36.38 4.96 37.38 3.76 45.25 6.35 21.00 3.32 

'00 36.38 4.96 37.63 3.70 45.50 6.26 21.00 3.32 

Feb 36.88 4.88 37.63 3.70 45.50 6.26 21.00 3.32 

Moe 38.63 4.78 38.38 3.7 1 47.00 6.22 21.00 3.32 

(XI 75.63 40.16 63.38 18.52 131.25 39.39 2.00 0.94 

No' 76.50 40.52 68. 13 19.54 137.75 39.5 1 2.63 1.22 

Green berry obtained 0" 79.88 40.89 70.50 19.3 8 140.75 39.84 1.38 0.80 

'''' 45.25 34.55 44 .50 13.47 92.50 30.37 0.50 0.50 

0" 0.1 3 0. 13 0.00 0.00 0.00 0.00 0.00 0.00 

Green berry aborted No, 1.00 0.50 1.63 0.68 3.75 1.03 0.75 0.4 1 

O~ 1.50 0.63 3.63 1.6 1 3.63 1.00 0.00 0.00 

'00 2.63 1.]5 5.25 1.85 10.00 3.90 1J8 0.80 

NO' 0.25 0.25 0. \3 0.13 0.00 0.00 0.00 0.00 
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Red berry obtained Dec 0. 13 0.13 0.38 0.38 0.38 0.18 0.00 0.00 
J" 29.00 10.76 22. 13 9.63 45.88 23.22 0.88 0.58 
F,b 41.50 33.78 39. 13 12.96 80. 13 28.74 0.00 0.00 
No. 0.13 0.13 0.00 0.00 0.00 0.00 0.00 0.00 

Red berry aborted Dec 0.00 0.00 0. 13 0.13 0.13 0. 13 0.00 0.00 

J" 3.38 1.67 2.00 0.78 2.00 0.76 0.00 0.00 
F,b 2.25 l.03 1.25 0.56 2.38 0.9 1 0.00 0.00 

Appendix 6. The mean berry and bean perfonnances o ffive·year-oJd C. arabica (5eA) plants 

g rowing under the restoring shades of C. macrostachYlIs, £. divillormn and A. 

abyssinica, and on open sun at each monthly data collection. For each treat ment, 

coJumens show the mean and ± S.E (n= 8 replicates per treatment). 

C. macrostachYlIs £. dil'l'IIQrllm A. (Ibyssillica Full sun 

Coflea arabica Mean ± SE M,," :i:SE M",," . SE Me:!n ± SE 

Mean weight of berry (g) 0.94 0.06 LI S 0.09 1.43 0.02 0. 12 0.09 

Mean weight of bean (g) 0.13 0.02 0.19 0.Q2 0.27 0.02 0.01 0.01 

Deanlbcrry ratio 0.21 0.02 0.27 0.03 0.38 0.01 0.01 0.01 

Weight ofbcan per berry (g) 0.20 0.Q3 0.3 1 0.04 0.55 0,01 0.00 0.00 

Mean number of beans obl:lined 106.50 54.02 95.25 31.43 169.13 50.3 1 1.00 0.65 

Mean number of beans obortcd 20.25 11 .41 22.50 7.92 49.25 16.32 0.38 0.26 

Number of fruting node 16.67 4.50 25.21 6.59 21.38 0 1 3.'" 0.25 

Number of berry per node 3.00 0.85 2.38 0.32 4.75 0.92 0.25 0.16 

Deans (g)/ 1 000 beans 137.19 15. 15 192.40 22.43 276.11 22.82 10.00 7.33 

Dean length (em) 0.66 0.02 0.82 0.02 1.1 6 0.05 0.44 0.02 

Coffee yield (g) per tree 17.64 1l.78 17.8 1 5.26 69.73 20.72 om 0.01 
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Appendix 7. The mean flowering perfonnanccs of four-year-old C. arabic(I (4CA) plants, 

growing under the restoring multiple shades. For each treatment, columcns show the 

mean and ± S.E (n= 6 replicates per treatment). 

100 m' GA,/L 250 nl GA,IL 300 III I GAVL Control 
Coffea arabica Mean ± SE Mean ± SE Mean ± SE Me'" ± SE 

Number of flower buds 43.33 3.2 1 212.00 6.40 28.50 2.67 97. 17 1.66 

Number of flowers 4 1.00 3.2 1 206.33 6.40 25.50 2.70 96.83 1.35 

Number of flower buds per node 2.33 0.21 6. 16 0.65 1.50 0.22 3.66 0.2 1 

Number of secondary branchs 27.50 1.67 14 .83 0.79 48.67 1.33 8.33 1.23 
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