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Abstract Trees on farms are a widespread feature of

landscapes across a large part of Ethiopia with an

important role in enhancing the resilience of small-

holder livelihoods through the provision of ecosystem

services. Despite their importance, little is known

about what trees are planted or retained from natural

regeneration by different types of farmers that results

in the pattern of tree cover found in the region. We

address this knowledge gap through analysis of

household survey data from semi-arid and sub humid

areas of Oromia regional state. A set of composite

variables that represent distinctive patterns of tree

cover on farms were derived from principal component

analysis and Pearson correlation analysis. This

revealed two major tree adoption strategies: farmer

managed natural regeneration (FMNR) of trees to meet

subsistence needs as well as contributing to other

ecosystem services; and, high value agroforestry

(HVAF) involving planted trees used largely to

produce fruits, timber and fodder. Regression analysis

further identified fine-scale variation in ecological and

socio-economic factors that affect which of these two

broad strategies are adopted by farmers. Favorable

climatic conditions coupled with institutional arrange-

ments to control free grazing were pre-conditions for

HVAF, whereas poor biophysical potential and sloping

land provided a positive incentive for farmers to adopt

FMNR. Farmers with preferences for tree species with

multiple utilities and locational flexibility favored

FMNR while adoption of HVAF was more asset-

driven. Our findings reveal that farmers integrate many

native and exotic tree species on their farms to meet

their variable farm conditions, needs and asset profiles

in stark contrast to most tree promotion efforts that

focus on a few, usually exotic, tree species. We

recommend that future agroforestry promotion should

embrace a diversity of tree species appropriate to

matching the fine scale variation in ecological condi-

tions and farmer circumstances encountered in the

field.
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Introduction

Ethiopia’s economy is heavily dependent on agricul-

ture which supports 83 % of the population mainly

through production of rain-fed grain, predominantly

teff, maize and wheat as well as livestock, principally

cattle, sheep and goats (Deressa et al. 2009). During

the last century, the expansion of agriculture to

support the growing population was in general

achieved by massive deforestation that has been

followed by soil degradation (Bewket 2002; Gelaw

et al. 2014). Over much of the country this has

transformed forests and woodlands into agricultural

land with scattered trees (Tesfaye et al. 2014).

Trees on farms are characteristic of a large part of

the Ethiopian agricultural landscape today, while tree

species distribution and management intensity varying

with agro-ecological conditions principally defined by

rainfall, altitude, and soil type (Poschen 1986; Teklay

et al. 2007; Gelaw et al. 2014). It is common for

farmers to manage natural regeneration of trees

(FMNR) within crop fields by protecting seedlings

and young trees, mostly native species that have

germinated from soil seedbanks (Poschen 1986).

Farmers usually retain between 1–20 trees of selected

species per hectare and minimize impact on the

companion crops through occasional lopping and

pollarding of trees (Poschen 1986). Examples of this

practice include Cordia africana intercropping with

maize in sub-humid zones (Yadessa et al. 2009),

Faidherbia-based agroforestry in teff-wheat zones

(Poschen 1986) and a diverse range of Acacia species

such as A. tortilis and A. senegal in fields in low lying

savanna regions (Degefu et al. 2011). It is also

common for farmers to deliberately plant and manage

trees on their farms, such as fast growing timber

woodlots predominantly using Eucalyptus spp. or fruit

orchards (Deininger and Jin 2006).

Through FMNR and active tree planting on farms,

the widespread adoption of trees on agricultural land

can play an important role in enhancing tree diversity

and cover at landscape scale. This can mitigate and

reverse deforestation and land degradation with large

potential for soil organic carbon and nitrogen seques-

tration (Bewket 2002; Mekuria and Aynekulu 2013;

Gelaw et al. 2014). The positive relationship between

higher rural population and tree cover observed by

Tiffen et al. (1994) in semi-arid Kenya has been also

reported in the Blue Nile basin as tree cover has been

restored over the last four decades as a result of local

initiatives to plant trees at the household level along

with community afforestation and forest protection

(Bewket 2002).

Since the early 1990s there has been a surge of

research on the adoption of agroforestry innovations in

the tropics, motivated by a perceived gap between

advances in agroforestry science and the rate of

adoption of trees on farms (Mercer 2004). They can

be largely categorized into either ex-ante or ex-post

adoption studies. Ex-ante studies rely primarily on

social and financial analyses of on-farm trials of

agroforestry innovations to assess their adoption poten-

tial (Franzel and Scherr 2002). In contrast, ex-post

studies aim at identifying factors that have affected

adoption through analysis of data on the performance of

agroforestry options on farm and the types of farmers

who have andwho have not adopted (Coe et al. 2016).A

meta-analysis of 120 ex-post studies concluded that

technology adoption was explained by preferences,

resource endowments, market incentives, biophysical

factors, and risk and uncertainty (Pattanayak et al.

2003). Meijer et al. (2015) argue that intrinsic factors

such as knowledge and attitudes of farmers are also

critical. Both ex-ante and ex-post studies recognize the

multicomponent nature of agroforestry (Mercer 2004).

Most of these studies, however, focus on a single

‘‘modern’’ or ‘‘new’’ agroforestry technology, and

methodologically treat the adoption as a binary choice

of planting a specific tree species or not, driven by

financial and economic factors (Mercer 2004). For

example in Ethiopia, several studies examined factors

affecting the uptakes of small-scale Eucalyptus wood-

lots by smallholders (Deininger and Jin 2006; Jagger

and Pender 2003). Costs and returns of investment

emerged critical in determining decisions to plant trees

along with tenure security (Jagger et al. 2005; Duguma

2013).

In contrast, research on adoption has rarely studied

indigenous agroforestry systems in the tropics that

have evolved uniquely within the locally specific

landscape contexts they are embedded in, often over

long time periods (Sinclair and Walker 1999). Bigge-

laar and Gold (1996), based on a case study from

Rwanda, argue that the adoption of indigenous

agroforestry systems are driven by farmers’ prefer-

ences for specific tree species with multiple utilities

and locational flexibility rather than solely driven by

financial and economic factors. Indeed, many farmers
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in Ethiopia, including those who have not practiced

any form of intensive tree planting, implement FMNR

to manage a set of indigenous species scattered on

farm, not only for goods such as fuel, fodder, and

fruits, but also for ecosystem services such as shade

and soil amelioration (Poschen 1986). A household

normally keep indigenous trees across farmlands for

multiple utilities that they deem manageable and

valuable in order to optimize capture and use of scarce

environmental resources (Negash 2007).

In reality, different agroforestry practices such as

various forms of tree planning and indigenous prac-

tices such as FMNR co-exist (Nyaga et al. 2015).

Unfortunately, there have been few empirical studies

in Ethiopia or further afield in sub-Saharan Africa

(SSA) to understand patterns of tree cover in agricul-

tural landscapes as a whole rather than focusing on a

single technology. It is imperative to address this gap

both in terms of knowledge and methodology if

present landscapes are to be understood and their

future resilience ensured.

The objectives of this paper are two-fold. Firstly, to

present a novel systematic method for characterizing

complex patterns of tree cover on farms, including

both indigenous practices and tree planting as a

commercial investment in terms of their structure

(species composition), function (utilities) and socioe-

conomic aspects (management intensity and commer-

cial goals). Secondly, to identify a fine scale variation

in factors that affects their adoption.

Methods

We used household survey data from both semi-arid and

sub-humid agroecosystems in Ethiopia to characterize

tree cover on farms by deriving proxy variables reflecting

adoption intensities as well as multi-dimensionality of

utilities using a multi-variate analytical method.We then

examined associations between distinctive patterns of

tree adoption on farms and both ecological and socio-

economic factors that determine their adoption and can

be used to match agroforestry interventions to the

contexts in which they are appropriate.

Study area, data collection

The Oromia National Regional State accounts for

34 % of the total area of Ethiopia (The National

Regional Government of Oromia 2016) and with a

population of over 27 million people (Federal Demo-

cratic Republic of Ethiopia Population Census Com-

mission 2008), is the largest state in terms of land area

and population in the country. It is a region of great

physiographic diversity whose landscapes include

high and ruggedmountain ranges, undulating plateaus,

panoramic gorges, deep incised river valleys and

rolling plains (Ethiopian Government Portal, accessed

January 7, 2016). The lowlands of the eastern sub-

region have an arid climate. The intermediate high-

lands of central and western Oromia have a hot

tropical rainy climate, while the highlands have a

warm temperate, rainy climate. The distribution of

mean annual rainfall varies from place to place and

from year to year, decreasing in all directions from the

western highlands (1600–2400 mm) towards the

eastern and south eastern arid lowlands (less than

400 mm) (The National Regional Government of

Oromia 2016). The present research was conducted in

East Shewa Zone that falls within the semi-arid

agroecology, and East Wollega and West Shewa

Zones that are in the sub-humid agroecology (Fig. 1).

The semi-arid sites mostly fall in the lowlands of

the Central Rift Valley with an altitude less than

1500 m, then rise up to 2300 m at the mountain fringes

of the Rift. Grain crop and livestock farming are

dominant in the study area. Some diversity is observed

in terms of the combination and management of tree-

crop systems (Endale 2014); from teff-wheat plus

Faidherbia albida (syn. Acacia albida Delile A.Chev,

locally called gerbi) to maize-beans-sorghum plus

Acacia ssp. across the north–south transect (Fig. 2a),

and from teff-wheat plus Faidherbia albida to teff-

maize-sorghum plus Acacia tortilisHayne (tadecha, or

ajo loc) and Zizyphus mucronata Willd. (ourqura)

across the west-east transects, while the livestock

system is dominantly communal grazing of cattle and

goats on farmland (Fig. 2b).

The sub-humid sites are characterized by rugged

landscapes, with hills and valleys. Dominant crops are

maize, sorghum, teff, nug (Guizotia abyssinica—an

oil crop), with their relative importance varying with

altitude and micro-climate. In contrast, diversity and

types of trees species observed are heterogeneous

across the north–south and east-south transects as well

as by altitude (Teshome 2014). Croton macrostachyus

Hochst. (bakanisa) is dominant in home compounds

and farm boundaries in southwestern mid-highlands,
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Ficus spp. such as Ficus sycomorus (oda) and Ficus

vasta Forssk (kiltu) in eastern mid-highlands, and

Cordia africana Lam. (wadessa) in eastern parts,

while small woodlots of Eucalyptus camaldulensis

Dehnh. (bargamo dima) and scattered Acacia abysi-

nica Hochst. (lafto) on farm are commonly observed

(Fig. 2c). Across the east–west transect, fruits trees

such as pawpaw, mangoes, and coffee are observed in

home compound, along rivers or localities with

irrigation structures available (Fig. 2d).

The administrative hierarchy of Ethiopia is the state-

zone-woreda. Woreda is equivalent to a district, within

which there are a number of kebeles or villages. Five

and four woredas were chosen from the semi-arid and

sub-humid zones respectively, to reflect the transition

of observed diversity in tree-crop systems. All five sites

selected in the semi-arid zones were located in the dry-

midlands. In the sub-humid zones, two sites were in the

wet mid-highlands, while the other two were in the

moist midland and wet lowland respectively (Fig. 1).

The selection of a kebeles was done in consultation

with woreda administrative officers to be representa-

tive of each of the five woredas. A kebele is the

smallest administrative unit in Ethiopia, in which

households are registered and recorded. According to

the 2007 Census, the population of a rural kebeles in

Oromia varied widely from less than 100 to over a

thousand households (Central Statistical Agency

2010), while the sizes reported by local officials for

the surveyed kebeles ranged from about 300 to over a

thousand households (Table 1). The minimum sample

size of 568 out of 6135 households in all the selected

kebeles was calculated using the formula of Israel

(1992) for ±4 % precision level, while the minimum

10 % of the households in each of the surveyed kebeles

were targeted for interviews.

The socio-economic survey focused on collecting

qualitative information about farmers’ perceptions

relating to the status of trees on farms as well as the

income/asset status of households, while quantitative

information about trees on farms was captured through

a tree inventory for about a third of the households

Bofa
Mojo

Alem TenaMeki
Zeway

Tibe

AnoUke

Arjo

Addis Abeba

Fig. 1 Agroeclogical map of Ethiopia with locations of selected sites
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surveyed. The inventory allows correction of any bias

in householders’ recollection regarding quantitative

variables such as the number of trees on farm. The

socio-economic data were collected between Novem-

ber and December 2012. A total of 687 households

were interviewed across the two agroecologies. In

most cases, the respondents were household heads or

spouses who, combined, accounted for over 80 % of

surveyed households (Table 1). The data is made

publicly available on DATAVERSE (http://hdl.

handle.net/1902.1/21219 UNF:5:EwSwq3/7ysbpq-

pawnencvg == World Agroforestry Centre [Distribu-

tor] V21 [Version]).

Research questions and hypotheses

Patterns of tree cover on farm in Ethiopia, as

elsewhere in SSA, are complex and heterogeneous in

terms of (1) mixture of species, (2) utilities derived

from these species, (3) management intensity and

niches occupied, under (4) specific biophysical and

socio-economic circumstances (Nyaga et al. 2015).

These dimensions correspond to criteria used to

classify agroforestry practices: (1) structural, the

nature and arrangement of components; (2) functional,

the role and output derived from them; (3) socioeco-

nomic, the type of management; and (4) agroecolog-

ical, the zone where a system exists or is

adoptable (Sinclair 1999).

Our major research question was how to charac-

terize patterns of tree cover found on farms. More

specifically, we propose a systematic method to

identify patterns of tree cover on farms in terms of

(1) species composition, (2) multiple utilities, (3)

management intensity and niches occupied, and then

identify fine-scale variation both ecological and socio-

Fig. 2 Typical agroforestry practices observed in semi-arid and

sub-humid zones ofOromia State, Central Ethiopia. aFaidherbia

albida amongst teff in semi-arid Oromia. b Ziziphus mauritania

and Acacia abysinica in maize fields in semi-arid Oromia.

c Cordia africana in a maize field in sub-humid Oromia.

d Various trees around a homestead in sub-humid Oromia
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economic contextual factors that determine their

adoption.

Our first major hypothesis was that farm households

adopt portfolios of tree species that maximize utilities

from goods and services derived from them, which, in

turn, determine the appropriate management intensity

and niches within the farm for the trees to occupy. We

assume that the planting of tree species that produce

high value fruits, fodder and timber is driven com-

mercially, as they are deliberately planted and more

intensively managed as an investment (Franzel and

Shurr 2002). In contrast, we assume that native tree

species naturally regenerated in agroforestry practices

are managed less intensively but still serve multiple

utilities, not only for direct consumption such as fuel

and construction materials but also for ecosystem

services such as shade and as windbreaks, soil fertility

enhancement and soil erosion control (Poschen 1986;

Biggelaar and Gold 1996).

Our second major hypothesis was that patterns of

trees on farm are bounded by biophysical and socio-

economic conditions, which are classified into five

major categories; biophysical factors, preferences,

resource endowments, risk and uncertainty, and mar-

ket incentives, following the definitions by Pattanayak

et al. (2003). We discuss each of these, in turn.

Biophysical factors relate to influences on the

physical production process associated with farming

(Pattanayak et al. 2003). In our study area, East Shewa in

the semi-arid zone is less agro-ecologically favored in

terms of rainfall and soil thanWest Shewa/EastWollega

in the sub-humid zone. A wide variety of tree species,

including exotics, are likely to thrive in sub-humid

conditions where intensive planting and management

are feasible. In contrast, in semi-arid conditions, mois-

ture stress constrains the survival of planted seedlings

and well adapted native species are most likely to

survive. While the five chosen semi-arid sites are all

located in dry mid-highlands and relatively homoge-

neous in terms of topography, two of the sub-humid sites

are located in higher, sloping conditions than the others,

which may affect tree-crop management incentives.

Preferences are placeholders for the broad category

of farmer specific influences such as risk tolerance,

attitudes to conservation and intra-household homo-

geneity (Pattanayak et al. 2003). Because farmer

preferences are difficult to measure explicitly, socio-

demographic proxies such as age, gender, education,

and social status are used instead. In an African

context, gender of head of household may influence

what trees are on a farm, because female headed

households may take different decisions about manag-

ing trees than male-headed households. Traditional

land/tree tenure systems often do not allow women to

plant trees according to their own preference unless

men approve, even though it is the women who bear

the burden of taking care of raising trees and collecting

firewood (Deininger et al. 2009). Family size and

composition can also matter in terms of sufficiency

and quality of labour to manage trees on farm while it

is impossible to determine a priori the direction of the

influence on adoption of this broad category (Pat-

tanayak et al. 2003).

Risk and uncertainty reflect the unknowns in the

market and institutional environment under which

decisions are made. Given the long gestation period of

investments in farming and forestry, lower risk and

uncertainty will in general foster technological adop-

tion (Pattanayak et al. 2003), while the extensive

review of experiences from SSA indicate the ambigu-

ity of such impacts which are highly context specific

(Place 2009). For this study we include land, parcel

characteristics and land-related policy and institu-

tional experiences as proxy variables for risk and

uncertainty. In Ethiopia, the land remains state owned

while the constitution affirms the right of every adult

access to land. The recent effort to improve security of

land tenure in Ethiopia includes a land certification

through decentralizedmechanisms, where the regional

government would issue land certificates to individual

farmers (ARD Inc. 2004; Deininger et al. 2008, 2009).

Experiences of land resettlements and ‘‘grabs’’ where

the government designate certain areas for develop-

ment, such as for irrigation schemes, outside investors

or internal redistribution (Deininger et al. 2009; ARD

Inc. 2004) can however influence tree planting posi-

tively or negatively depending on context. An inter-

esting case was reported in Northern Ethiopia where

tree planting was undertaken after land resettlement,

as a way to visibly manifest land rights, whereas

terracing was done in situations where there was a

minimum level of tenure security (Deininger and Jin

2006). For Oromia state, only 39 % of households

were reported to receive the certificates several years

after the program started in 2003–2004 (Deininger

et al. 2008; Holden et al. 2011). Given this situation,

the status of land tenure is expected to vary among the

surveyed households with uncertain impacts on
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investment decisions. Communal grazing which is

widely practiced in the country can also affect patterns

of tree cover on farm. Communal grazing causes soil

degradation but also affects the survival of tree seeds

and seedlings on farms, which can affect incentives to

intensify or extensify tree management on farms

(Gebremedhin et al. 2004; Kassahun et al. 2009;

Mekuria and Aynekulu 2013; Tesfaye et al. 2014).

Under given tenure conditions, access to more land

may provide locational flexibility for trees to be

managed without competing with crops and livestock,

if the availability of labour and other inputs is not

constraining. Parcel fragmentation may have mixed

effects. It may deter tree management efforts because

of increased transaction costs associated with long

distances between parcels and result in uneconomic

operational holdings (Bizimana et al. 2004). In other

contexts fragmentation may offer incentives for

farmers to manage trees in some parcels or niches

where soil types and slope conditions better match

with trees rather than with crop and/or livestock

farming, as a risk diversification and management

strategy (Blarel et al. 1992).

Resource endowmentsmeasure the resources avail-

able to the technology adopter for implementing the

new technology. Examples of resource endowments

include asset holdings such as livestock and savings

while we used proxy variables of diverse asset

categories and farm/off-farm income categories. Gen-

erally, resource endowments are likely to be positively

correlated with the probability of adoption. However,

it is likely that different endowments will encourage

different agroforestry practices (Pattanayak et al.

2003; Iiyama et al. 2008).

Market incentives include factors related to lower

costs and/or higher benefits from technology adoption.

In general, a factor that is expected to increase the net

benefits associated with the technology is likely to be a

positive influence on adoption (Pattanayak et al.

2003). In Ethiopia, markets designed specifically for

agroforestry are rudimentary compared to those for

crop/livestock (personal communication to Ethiopian

partners). Therefore, how market access affects pat-

terns of trees on farms are not known.

Data processing and analyses

In order to capture the complex roles of trees on farms,

it is useful to develop a method to simultaneously

capture multiple dimensions of patterns of tree use on

farms, namely, species composition and their associ-

ated utilities, niches and management intensities. The

socio-economic survey collected data about whether

or not a farmer (a) raised seeds/seedlings; (b) planted

seeds/seedlings; (c) protected naturally regenerated

trees; or (d) had ever had trees on their farm, over the

last three years. For the adoption categories with

positive answers, farmers were further asked to

provide names of tree species. Counts of different

species were aggregated for each household with a

mean of three different species per household. While

105 and 126 different tree species were counted in the

semi-arid zone and sub-humid zone respectively,

some species names reported in local languages were

difficult to identify or have verified by Ethiopian

botanists. At the same time, farmers often mentioned

genus names only such as Acacia or Eucalyptus

without specifying species. This potentially introduces

problems in counting species diversity from farmers’

recall, which needs to be verified by tree inventory.

Detailed questions were then asked about the

farmers’ reasons for adopting, and the utilities they

derived from each tree species. Utilities were catego-

rized into those with predominantly commercial value

(timber, fruit, fodder, and medicine), subsistence

(construction and tools for domestic purposes), fuel

(firewood, charcoal), environmental services (shade,

windbreaks, soil fertility, erosion control), fencing

(either as live fences or poles), and other utilities (not

categorized above). Often farmers provided more than

two utilities for one species with the most important

ranked as the primary utility and others as secondary.

Farmers tend to rank higher or to give priorities to

utilities from tangible goods, such as firewood, fruits,

and timber, which contribute directly to consumption

and income. Nevertheless, farmers tended to derive

multiple ecosystem services from trees, including

shade (microclimate), erosion control, and soil fertility

enhancement.

While ranks represent an ordering of a list of items

according to their importance for the particular issue

under consideration, the lack of a standard scale makes

the task of combining ranks over several farmers

difficult (Abeyasekera 2001). Replacing ranks by scores

enables variables to be treated like numerical data (The

University ofReading Statistical ServicesCentre 2001).

In order to quantitatively capture multiple utilities of

trees on farm for different farmers, it is useful to derive
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scores to reflect such multiple utilities of specific tree

species. Scoring exercises are done on the basis of one

identified criterion (Abeyasekera 2001), while the

choice of scores is not critical, as long as the interpre-

tations of results are insensitive to changes in the actual

values attributed to ranks (The University of Reading

Statistical Services Centre 2001). In our data, the

farmers provided minimum zero to maximum six

secondary utilities per tree species for the adoption

category of ‘‘trees on farm over 3 years’’. Conse-

quently, we arbitrarily set a score of 0.7 for the primary

utility and a score of 0.3 to be divided among the

secondary utilities as 0.3 is divisible by any number

from one to six. We then calculated weighted utility

scores for each tree species mentioned by a household,

using the formulae and rules in Box 1.

For example, if a farmer said that fuel was the only

one utility derived from his/her Acacia tortilis on

farm, this species was given a score of 1.0 for fuel

(firewood). If another farmer said that A. tortilis was

primarily for fuel, but also for erosion control as

another utility, then the species got 0.7 as the fuel

score and 0.3 as the environmental services score. If

two other utilities were mentioned, say soil control and

fencing, aside from fuel as the primary utility, and then

the species got 0.7 for fuel, 0.15 for erosion control

and 0.15 for fencing. In this way, the score for one

particular species could not exceed 1.0, but with

higher numbers of utilities, scores would be subdi-

vided amongst multiple utilities. Our formulae and

rules are conceptually similar to the Utility Index (UI)

proposed by Biggelaar and Gold (1996) while their

index scores could add up to more than 1.0 if farmers

reported many utilities for a single species.

Utility scores were aggregated by utility types for

each household. Principal Component Analysis (PCA)

was then used to derive independent component

factors (where each component has zero correlation)

from which patterns of tree diversity on farm were

derived from species utilities and management inten-

sities as we hypothesized that types of utility deter-

mine management intensity.

Another important dimension of patterns of trees on

farm are the niches that specific tree species occupy—

such as, scattered on farm, on boundaries, as live

fences or hedges within fields or as soil conservation

bunds, woodlots, in home compounds or fallows. The

association between the niches for specific tree species

and principal component scores were used to develop

utility/management intensity patterns through Pearson

correlation analysis.

Once proxy variables for distinctive patterns of

trees on farm were derived, regression analyses were

employed to determine which agroecological and

socio-economic factors affected their adoption. Ordi-

nary Least Squares (OLS) regression was used to

estimate the association between the dependent vari-

ables—normalized scores calculated for each PCA

component representing different patterns of trees on

farms—and the explanatory variables. Descriptive

statistics of the explanatory variables considered for

the regression models are summarized in Table 2.

Results and discussion

Tree adoption strategies

Table 3 presents, regardless of the adoption cate-

gories, in the semi-arid zone, Acacia species, espe-

cially A. tortilis, A. senegal (kertefa) A. etbaica

(dodoti) that were commonly mentioned along with

Box 1 Formulae and rules for calculating and assigning weighted utility scores from ranks

UALL = 1.0xUprimary (fuel, charcoal, fodder…), if counts of Uothers = 0

UALL = 0.7xUprimary (fuel, charcoal, fodder …) and 0.30 for Uothers1…6 (fuel, …), if counts of Uothers = 1

UALL = 0.7xUprimary (fuel, charcoal, fodder …) and 0.15 for Uothers1…6 (fuel, …), if counts of Uothers = 2

UALL = 0.7xUprimary (fuel, charcoal, fodder …) and 0.10 for Uothers1…6 (fuel, …), if counts of Uothers = 3

UALL = 0.7xUprimary (fuel, charcoal, fodder …) and 0.075 for Uothers1…6 (fuel, …), if counts of Uothers = 4

UALL = 0.7xUprimary (fuel, charcoal, fodder …) and 0.06 for Uothers1…6 (fuel, …), if counts of Uothers = 5

UALL = 0.7xUprimary (fuel, charcoal, fodder …) and 0.05 for Uothers1…6 (fuel, …), if counts of Uothers = 6

where UALL, which denotes the utility portfolio of one particular tree species, consists of Uprimary and Uothers which mean the

primary utility and secondary utilities respectively.
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Table 2 Descriptive statistics of explanatory variables by agroecological zones

Variables Unit Semi-arid

zone

(N = 340)

Sub-humid

zone (N = 347)

F

Mean SD Mean SD

Ecological/topographical condition

Mid-highland dummy Wet mid-highland = 1,

others = 0

– – 0.5 0.5 365.40***

Household composition

Head gender dummy Male = 1, female = 0 0.9 0.3 0.9 0.3 0.21

Head education level No formal education = 0, … 0.7 0.7 0.7 0.7 0.16

Total family size number 6.7 3.1 6.1 2.5 5.90**

Male ratio % In total family size 0.5 0.2 0.5 0.2 1.58

Working age member ratio % In total family size 0.4 0.2 0.5 0.2 0.66

Land/parcel access, characteristics, policy experiences

Total land size Hectare 3.7 11.1 1.9 5.8 6.89***

Parcel fragmentation (Simpson index) Simpson Index 0.5 0.2 0.4 0.3 21.13***

Mean distance of parcels from homesteads m 1482 1411 1093 1389 13.30***

Proportion of parcels owned with certificate % Size in total land size 0.8 0.4 0.7 0.4 1.81

Proportion of parcels owned without certificate % Size in total land size 0.1 0.3 0.1 0.3 1.55

Proportion of parcels rented from others % Size in total land size 0.1 0.2 0.1 0.3 0.26

Proportion of parcels on sloped/steep land % Size in total land size 0.1 0.3 0.5 0.4 188.82***

Experience of free communal livestock

grazing

Affected = 1, not affected = 0 0.3 0.5 0.6 0.5 49.17***

Experience of land resettlement Affected = 1, not affected = 0 0.0 0.2 0.0 0.2 0.54

Experience of tenure upgrading Affected = 1, not affected = 0 0.4 0.5 0.6 0.5 17.09***

Asset/income diversification

Livestock—local animals FAO Livestock Unit 6.0 10.0 3.8 3.8 14.64***

Livestock—exotic animals FAO Livestock Unit 0.1 0.9 0.0 0.5 1.74

Asset—domestic asset value Estimated value in USD 78 280 31 96 8.84***

Asset—communication asset value Estimated value in USD 65 97 22 31 60.67***

Asset—transport asset value Estimated value in USD 60 117 11 70 43.80***

Asset—farm asset value Estimated value in USD 273 200 238 152 6.77***

Farm income- cereal & pulse Aggregated scoresa 3.4 0.9 2.5 1.0 178.63***

Farm income—cash crops Aggregated scoresa 0.4 0.8 1.7 1.6 190.82***

Farm income—roots & tubers Aggregated scoresa 0.0 0.1 0.3 0.7 76.13***

Farm income—animal Aggregated scoresa 2.0 1.6 1.5 1.3 17.48***

Farm income—tree-based Aggregated scoresa 0.9 0.9 1.5 1.4 53.24***

Off-farm income—regular business Aggregated scoresb 0.4 0.6 0.5 0.6 0.32

Off-farm income—casual Aggregated scoresb 0.3 0.5 0.3 0.5 2.29

Off-farm income—remmitance & gift Aggregated scoresb 0.1 0.3 0.1 0.3 0.13

Off-farm income—loan Aggregated scoresb 0.4 0.6 0.6 0.7 11.83***

Off-farm income—rent Aggregated scoresb 0.2 0.4 0.1 0.4 4.34**

Access to extension services, markets, infrastructure

Participation in field school Yes = 1, no = 0 0.0 0.2 0.0 0.1 1.12

Participation in training Yes = 1, no = 0 0.2 0.4 0.2 0.4 3.53*

Participation in field day Yes = 1, no = 0 0.4 0.5 0.3 0.4 5.95**
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Zizyphus mucronata, Faidherbia albida, and Balan-

ties aegyptiaca (bedeno). Table 4 shows that in the

sub-humid zone, Cordia africana, Croton macrosta-

chyus, Vernonia amygdalina (ebicha), Mangifera

indica and Eucalyptus spp., especially E. camaldu-

lensis were commonly mentioned. At the same time

there was high variability of the proportion of

households adopting these tree species across sites

within each agroecological zone. For example, the

adoption rate of Acacia tortilis ranged between 52 and

78 % across sites of the semi-arid zone, while that of

Cordia africana varied between 38 and 67 % across

the sub-humid zone.

Table 5 presents the descriptive statistics of vari-

ables indicating strategies of tree adoption on farms.

The semi-arid zone had a lower proportion of house-

holds who adopted raising seedlings (4 %, on average

0.11 species per farm) and planting trees (36 %, 0.88

species per farm) than the sub-humid zone (29 %, 0.46

species per farm for raising seedlings, and 71 %, 2.03

species per farm for planting trees), while a higher

proportion of households protected (84 %, 2.49

species) naturally regenerated trees on farm than that

of the sub-humid zone (73 %, 1.96 species). Overall,

92 % of the surveyed households in the semi-arid zone

reported having trees on their farm with a mean of 3.37

tree species, compared to 86 % of households with a

mean of 3.50 tree species per farm in the sub-humid

zone. In terms of tree niches on farm, higher numbers

of species were found scattered in crop fields both for

the semi-arid (2.14 species) and sub-humid zones

(1.67 species), followed by home compounds and

external boundaries or live fences. In both zones, fuel

was the most frequent utility (1.22 weighted utility

scores in the semi-arid zone and 1.01 in the sub-humid

zone). For other utilities, the sub-humid zone house-

holds gave higher weighted utility scores for high-

value commercial species (0.90 scores) than those in

the semi-arid zones (0.23 scores), who in turn gave

higher scores for environmental services (0.96 scores)

than their sub-humid counterparts (0.70 scores).

Table 6 shows that some of the variables describing

tree adoption on farm in Table 4 were highly corre-

lated. For example, households who produced seed-

lings were more likely to plant trees, which was then

positively associated with utilities from high-value

species but negatively with utilities from fuel and

environmental services. On the other hand, the number

of existing species on farm was positively correlated

with all utility types, but especially with woodfuel and

environmental services, as well as an establishment by

naturally regenerating and protecting trees.

Table 7 summarizes the result of the PCA analysis.

Four of the extracted components explained about

59 % of the total variance of the original variables

included. These four components were interpreted

Table 2 continued

Variables Unit Semi-arid

zone

(N = 340)

Sub-humid

zone (N = 347)

F

Mean SD Mean SD

Participation in field visit Yes = 1, no = 0 0.6 0.5 0.6 0.5 0.13

Participation in demonstration farm Yes = 1, no = 0 0.4 0.5 0.3 0.5 7.83***

Participation in interaction Yes = 1, no = 0 0.5 0.5 0.6 0.5 3.88**

Participation in community meetings Yes = 1, no = 0 0.8 0.4 0.9 0.3 4.70**

Participation in training centres Yes = 1, no = 0 0.9 0.3 0.9 0.3 1.68

Distance to output market m 4454 3442 4449 3505 .000

Distance to mortable road m 569 1119 1377 2166 37.19***

Distance to tarmac road m 4830 6279 16,683 21,330 92.03***

Distances to markets and roads Factor scoresc (0.3) 0.6 0.2 1.2 32.72***

a Aggregated scores for relevant farm produce categories during the last 12 months; 0 = not produced, 1 = produced&consumed,

2 = if produced&sold for cash
b Aggregated scores for relevant off-farm income activities involvement during the last 12 months; 0 = not engaged, 1 = engaged

and earned income
c Factor scores were derived from variables of distances to markets, roads and infrastructure by principal component analysis
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with variables of high factor loadings, as follows.

Component 1 had high loadings for the number of

natural regenerated and protected species, utilities for

subsistence, woodfuel, environmental services and

fencing. Therefore Component 1 was taken to repre-

sent farmer managed natural regeneration of trees on

farm largely for subsistence, woodfuel, environmental

services and fencing (FMNR). Component 2 with

higher factor loadings of raising seedlings, planting

trees, and utilities for high commercial values was

taken to represent active planting high value agro-

forestry species (HVAF). Component 4 indicates

agroforestry practices with focus on environmental

services but without fencing, while Component 3

seemingly captured cases in which farmers did not

specify utilities derived from specific tree species.

Interpretations of Component 1 (FMNR) and Compo-

nent 2 (HVAF) confirm our assumptions that tree

species adopted in indigenous practices are managed

less intensively than economically important species

but serve for multiple utilities such as fuel and

ecosystem services simultaneously (Biggelaar and

Gold 1996), while deliberate tree planting is associ-

ated with species of high economic utility (Franzel and

Sherr 2002).

Figure 3 presents the distribution of the derived

principal component scores for households by study

sites. Despite variances, the sub-humid sites in general

have higher scores for Component 2 (HVAF) than

those in semi-arid sites, while the intra-site variability

seems larger than the inter-site difference for Com-

ponent 1 (FMNR) score. The inter-site trends or

differences are even less clear for Components 3

(OTHERS) and 4 (ENV-FENCE) with many outliers

observed.

Table 8 shows the correlations between the derived

component scores and niches for trees on farms.

Component 1 or FMNR for example had a high

association with scattered on farm niches but also

significant associations with other niches, including

home compounds, hedges in fields and field bound-

aries. In contrast, Component 2 or HVAF had

Table 3 Proportion of households with the ten most common tree species on farm in the semi-arid sites

Rank. Tree species name Vernacular name in the

local language(Oromiffa)

Site

name

Bofa Mojo Alemtena Meki Zeway Total

Site

code

Semi-

arid1

Semi-

arid2

Semi-

arid3

Semi-

arid4

Semi-

arid5

Sample

size

120 37 55 48 80 340

1 Acacia tortilis Hayne Tadecha, Ajoa 78 70 60 52 74 70

2 Zizyphus mucronata Willd. Qurqura 68 24 31 13 5 35

3 Faidherbia albida (syn.

Acacia albida Delile)

A.Chev

Gerbi 13 73 36 40 8 26

4 Acacia senegal Willd. Kertefa 37 5 24 17 23 25

5 Balanites aegyptiaca Delile Bedeno 18 32 16 21 28 22

6 Acacia etbaica Schweinf. Dodotib 18 54 29 4 4 18

7 Croton macrostachyus

Hochst.

Bakanisa – 14 38 42 1 14

8 Melia azedarach L. Nimi 19 3 20 13 6 14

9 Eucalyptus camaldulensis

Dehnh.

Bargamo Dima 13 16 13 4 3 10

10 Dichrostachys cinerea (L.)

Wight & Arn.

Hatte 4 24 11 4 3 7

The most commonly identified/observed species in the study sites grow over 5 m, thus we define them as trees not shrubs, according

to the FAO (2012) definition
a Acacia tortilis is locally called Tadecha in many parts of semi-arid Oromia, while the same species is called Ajo loc in Zeway
b Dodoti can either refer to Acacia gerrardi or Acacia etbaica, while the tree inventory study by Endale (2014) in the semi-arid sites

reported only Acacia etbaica. Hence, the references to Dodoti in the semi-arid zones were counted for Acacia etbaica
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significant and positive correlations only with home

compounds and field boundaries. The relations

amongst contextual factors and FMNR confirm our

assumption that traditional agroforestry practices are

driven by locational flexibility along with multiple

utilities, as Biggelaar and Gold (1996) argued from

their Rwandan case study. In contrast, the relations

amongst contextual variables and HVAF could be

explained by the fact that it would be easy for farmers

to manage and supervise the growing of commercially

valuable tree species in home compounds and fences,

whereas scattered trees on farm would be susceptible

to low survival rates because of livestock grazing

(Gebremedhin et al. 2004; Kassahun et al. 2009;

Mekuria and Aynekulu 2013; Tesfaye et al. 2014).

This is consistent with the logic behind the homegar-

dens widely observed in southern as well as north-

western regions of Ethiopia, which are known for their

rich diversity of economically useful tree species that

shade enset (Ensete ventricosum, also known as false

banana) and/or coffee (Negash 2007; Hylander and

Nemomissa 2008; Linger 2014). On the other hand,

the association between Component 3 (other, non-

classified utilities) and other niches, along with the

negative relation of Component 4 (environmental

services without fence) and external boundary, would

not provide much insight.

Factors affecting the adoption of different

strategies

Table 9 presents the results of the regression analyses.

Factors significantly affecting the adoption of FMNR

included: being in the semi-arid zone, on mid-land,

with larger family size, higher ratios of males and

working-age members, larger total land size, larger

proportion of parcels on sloped land, higher incomes

from cereals, pulses and rent; experiences of commu-

nal grazing and tenure upgrading, access to train-

ing/training centres, and longer distances to markets.

FMNR was negatively correlated with field days/com-

munity meetings. In contrast, variables found signif-

icantly positively associated with HVAF included:

being in the sub-humid zone, having a higher propor-

tion of owned land without certificate, higher farm

asset values, higher tree-based farm income, regular

business off-farm income, field days and proximity to

markets. Variables such as higher transport asset

Table 4 Proportion of households with the 10 most common tree species on farm in the sub-humid sites

Rank Tree species name Vernacular name

in the local

language

(Oromiffa)

Site name Arjo Ano Bako Uke Total

Site code Sub-

humid1

Sub-

humid2

Sub-

humid3

Sub-

humid4

Sample

size

76 104 75 92 347

1 Cordia africana Lam. Wadessa 38 63 67 48 54

2 Eucalyptus camaldulensis

Dehnh.

Bargamo Dima 36 46 55 28 41

3 Croton macrostachyus

Hochst.

Bakanisa 46 51 36 14 37

4 Vernonia amygdalina Delile Ebicha 22 22 35 33 28

5 Mangifera indica Wall. Mango 3 20 17 20 16

6 Albizia gummifera C.A.Sm. Mukarba 33 15 5 4 14

7 Syzygium guineense DC. Badessa 12 12 7 25 14

8 Ficus sycomorus Oda 11 17 3 11 11

9 Acacia abyssinica Hochst. Lafto 13 13 5 – 8

10 Calpurnia aurea (Lam.)

Benth.

Checka – 16 9 – 7

10 Vernonia auriculifera Hiern Reji 16 6 5 2 7

10 Ficus vasta Forssk. Kiltu 1 13 8 3 7

The most commonly identified/observed species in the study sites grow over 5 m, thus we define them as trees not shrubs, according

to the FAO (2012) definition
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Table 5 Extent, form and utility of trees adopted by agroecological zone

Unit Semi-arid zone

(cases = 340)

Sub-humid

zone(cases = 347)

F

Mean Std.

Deviation

Mean Std.

Deviation

Trees on Farm

Proportion of parcels with trees planted Mean proportion in total

parcels

.19 .28 .47 .35 130.15***

Establishment method

Raised seeds/seedlings during the last 3 years Proportion of households .04 .20 .29 .45 84.83***

Mean number of species

types

.11 .58 .46 1.13 27.20***

Planted trees during the last 3 years Proportion of households .36 .48 .71 .45 96.24***

Mean number of species

types

.88 1.57 2.03 2.10 65.95***

Protected naturally regenerated trees during

the last 3 years

Proportion of households .84 .37 .73 .45 12.82***

Mean number of species

types

2.49 1.62 1.96 2.04 14.04***

Having trees over 3 years old on farm Proportion of households .92 .27 .86 .35 6.89***

Mean number of species

types

3.37 2.18 3.50 2.59 0.47

Tree niches on farm

Scattered in crop farm Mean number of species

types

2.14 2.01 1.67 2.06 9.17***

External boundary/live fence Mean number of species

types

0.16 0.52 0.36 0.81 15.03***

Hedges within farm/soil conservation bonds Mean number of species

types

0.09 0.48 0.07 0.52 0.18

Woodlot Mean number of species

types

0.11 0.64 0.08 0.37 0.61

Home compound Mean number of species

types

0.68 1.40 1.19 1.67 18.42***

Fallow land Mean number of species

types

0.03 0.44 0.10 0.57 3.65*

Others/NA Mean number of species

types

0.16 0.74 0.02 0.13 11.85

Utilities

High value commercial species types Mean scores of weighted

utilities

.23 .56 .90 1.28 78.70***

Subsistence species types Mean scores of weighted

utilities

.30 .60 .43 .65 7.59***

Woodfuel species types Mean scores of weighted

utilities

1.22 1.28 1.01 1.17 5.00**

Environmental service species types Mean scores of weighted

utilities

.99 1.12 .70 .92 13.02***

Fence species types Mean scores of weighted

utilities

.47 .74 .36 .65 4.39**

Other species types Mean scores of weighted

utilities

.17 .60 .09 .38 4.18**

*** Significant at 1 %; ** significant at 5 %; * significant at 1 %.
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Table 6 Associations amongst variables describing tree adoption patterns

No. of

species

whose

seeds/

seedlings

were

raised

No. of

species

which

were

planted

No. of

species

which

were

naturally

regenerated

and

protected

No. of

species

over

3 years

old on

farm

Scores

for

species

types by

utility for

high

commer-

cial value

Scores

for

species

types by

utility for

subsistence

use

Scores

for

species

types by

utility

for

woodfuel

Scores

for

species

types by

utility

for

environ-

mental

services

Scores

for

species

types

by

utility

for

fence

Scores

for

species

types

by

utility

other

than

above

No. of species

whose seeds/

seedlings

were raised

1

No. of species

which were

planted

.383** 1

No. of species

which were

naturally

regenerated

and protected

-.009 -.065 1

No. of species

over 3 years

old on farm

-.033 -.012 .409** 1

Scores for

species types

by utility for

high

commercial

value

.097* .105** .145** .482**

Scores for

species types

by utility for

subsistence

use

.044 .049 .178** .478** .129** 1

Scores for

species types

by utility for

woodfuel

-.086* -.103** .176** .565** -.048 .074 1

Scores for

species types

by utility for

environmental

services

-.066 -.099** .275** .527** -.016 .172** .134** 1

Scores for

species types

by utility for

fence

-.036 .076* .248** .400** .147** .153** .048 -.018 1

Scores for

species types

by utility

other than

above

-.018 .008 .083* .139** -.004 .006 -.084* -.025 -.059 1

** Correlation is significant at the 0.01 level (2-tailed)

* Correlation is significant at the 0.05 level (2-tailed)
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values, farm incomes from roots and tubers, and

animals, off-farm income from casual activities and

loans, experiences of communal grazing, and com-

munity meetings had negative associations with

HVAF.

As we had assumed, biophysical factors were found

to influence the adoption of different strategies. There

is a higher likelihood of adopting HVAF in the sub-

humid zone through planting tree species with timber

and fruit utility. In contrast, FMNR was highly

associated with the semi-arid zone, probably because

harsh climatic conditions may discourage farmers

from investing in active tree planting because of low

survival rates of seedlings. The significant positive

sign of the mid-highland dummy, which applies to two

out of four sites in the sub-humid zone, for FMNR,

indicates that FMNR is also practiced in the sub-

humid zone, especially in the mid-highland parts.

Figure 3 also indicates that tree adoption strategies

have high variability amongst households within the

same agroecological zone.

Controlling biophysical factors, preference, risk

and uncertainty, and resource endowment factors have

contrasting effects on the adoption of FMNR and

HVAF.

Labor availability, especially the proportion of

male labor, and land availability, are significant

factors for FMNR but not constraints for HVAF,

while the gender and education level of the household

heads are found not significant for both strategies. As

FMNR requires extensive management of trees on

farm though occasionally pollarding and lopping, a

large land size with a large number of family members

supplying labor may provide an advantage for house-

holds to allocate more labor that is required for FMNR

activities over extensive fields. In turn, HVAF, which

is associated with homesteads and boundaries, can be

managed without being constrained by land and

family labor sizes.

Land access conditions and management/policy

experiences which are proxy variables for risk and

uncertainty also affected the likelihoods of adopting

FMNR and HVAF differently. Land ownership pro-

vided a positive incentive to adopt HVAF, even

without formal certificates in the Oromia context

where the certification program had started but the

issuing of certificates had not been fully completed.

But, land ownership did not significantly affect

adoption of FMNR, which still has a positive associ-

ation with farmer’s experience of upgrading their

tenure. It is interesting to note that HVAF had negative

association with communal grazing, while with

FMNR it was positive. In the Ethiopian context, under

communal grazing, neighboring farmers free their

cattle and goats to browse on crop fields after

communal harvesting. It can be interpreted that

promoting intensive agroforestry of actively planted

tree species for timber, fruit and income crops requires

not only favorable agroecological conditions, but also

institutional/policy arrangements to set up physical

fencing or institutional arrangements of social fencing

to protect young trees.

Table 7 Derived components representing tree adoption strategies

Normalized scores Extraction Principal Component

1 2 3 4

No. of species whose seeds/seedlings were raised during the last 3 years .700 -.192 .689 -.167 .402

No. of species which were planted during the last 3 years .642 -.203 .737 -.129 .203

No. of species which were naturally regenerated and protected during the last

3 years

.588 .734 .102 .189 .060

Scores for species types by utility for high commercial value .445 .257 .485 .158 -.344

Scores for species types by utility for subsistence use .367 .518 .281 .014 .142

Scores for species types by utility for woodfuel .453 .439 -.246 -.422 .150

Scores for species types by utility for environmental services .626 .558 -.169 -.037 .533

Scores for species types by utility for fence .654 .456 .308 -.048 -.591

Scores for species types by utility other than above .823 -.020 .017 .881 .215

Total Variance Explained (% of variance) 18.48 16.95 11.82 11.64

Cumulative (%) 18.48 35.43 47.25 58.89
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Asset/income profiles also have contrasting pat-

terns of association with FMNR and HVAF. HVAF is

associated positively with farm asset value, as well as

tree-based income and regular business off-farm

income while negatively associated with animal farm

income, roots and tuber farm income and casual off-

farm income. This implies that intensive agroforestry

requires livelihood assets that can be invested in tree

planting that possibly diverts livelihood strategies

away from traditional livestock or low-paying

casual/farming activities. In contrast FMNR has no

significant associations with assets, but positive asso-

ciation with cereal and pulse farm income and off-

farm income from rent, thus is consistent with

traditional staple crop-based livelihoods.

While access to training and training centres were

found positive for FMNR and HVAF, there seems

room for improving extension modes for promoting

agroforestry adoption, as attendance at community

meetings had negative associations with both, and

field days had a negative association with FMNR. It is

contrary to the expectation to find that longer distances

to markets, roads and services are found positive for

the adoption not only for FMNR of subsistence nature

but also HVAF. The significance of longer distances to

market was also reported for adoption of improved

wheat in Oromia (Solomon et al. 2014). They

explained the unexpected outcome on the basis that

farmers nearer to markets would focus on more market

oriented crops than wheat whose local market was

comparatively underdeveloped. In regard to our

finding, though, its significant positive association

with tree-based income, opportunities of HVAF may

not have been fully exploited in the sub-humid sites

which were in general rather isolated from market and

infrastructure access during the time of the survey. A

Fig. 3 Box plots of derived principal component factor scores for households by study sites
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Table 9 Regression analysis of contextual factors on tree adoption strategies

Component 1-FMNR Component 2-HVAF

B SE B SE

(Constant) -.877 .277*** .247 .261

Biophysical factors

Zone dummy (semi-arid = 1, sub-humid = 0) .432 .112*** -.538 .106***

Mid-highland dummy (mid-highland = 1, otherwise = 0) .375 .132*** .165 .124

Preferences (demographic composition)

Head gender dummy (male = 1, female = 0) -.187 .170 -.076 .160

Head education level -.045 .072 .044 .068

Total family size .038 .020* -.009 .019

Male ratio .624 .284** .190 .267

Working age member ratio .421 .252* -.041 .237

Risk and uncertainties

Total land size .121 .052** -.053 .049

Parcel fragmentation (Simpson index) .036 .050 .017 .047

Mean distance of parcels from homesteads .069 .053 .074 .050

Proportion of parcels owned with certificate .236 .274 .419 .259

Proportion of parcels owned yet no certificate issued .272 .206 .368 .194*

Proportion of parcels rented from others .084 .185 .185 .175

Proportion of parcels on sloped/steep land .099 .049** .018 .046

Experience of free communal livestock grazing .242 .048*** -.111 .046**

Experience of land resettlement -.062 .040 -.056 .038

Experience of tenure upgrading .118 .050** -.011 .047

Resource endowments

Livestock—local animals .056 .056 -.017 .052

Livestock—exotic animals -.075 .050 -.048 .047

Asset—domestic asset value -.019 .044 .012 .041

Asset—communication asset value -.079 .053 -.058 .050

Asset—transport asset value .051 .048 -.139 .045***

Asset—farm asset value .000 .060 .361 .057***

Farm income- cereal & pulse .112 .050** .006 .047

Farm income—cash crops -.012 .051 -.021 .048

Farm income—roots & tubers .023 .046 -.156 .044***

Farm income—animal .072 .050 -.082 .047*

Farm income—tree-based .006 .050 .165 .047***

Off-farm income—regular business .049 .047 .102 .044**

Off-farm income—casual -.055 .050 -.103 .047**

Off-farm income—remittance & gift .014 .044 -.042 .041

Off-farm income—loan .044 .045 -.108 .042**

Off-farm income—rent .143 .047*** .052 .044

Market incentives

Participation in field school .062 .062 .043 .058

Participation in training .126 .051** -.009 .048

Participation in field day -.094 .053* .245 .050***

Participation in field visit -.031 .054 .027 .051
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plausible explanation for the negative association with

proximity to markets might be that farmers nearer to

markets in semi-arid sites tend to focus on cash crops

such as nug and maize, whose markets are relatively

well developed, rather than less well known tree crops.

Overall, the regression results indicated the signif-

icant impacts of biophysical factors as well as risk and

uncertainties on FMNR and HVAF in often contrast-

ing manners, as Pattanayak et al. (2003) also con-

cluded from their meta-analysis that tree planting

behavior is most likely to be significantly influenced

by these factors. While favorable climatic conditions

are a pre-requisite for HVAF, poorer biophysical

potential and sloping land appear to provide a positive

incentive to adopt FMNR, which has ecosystem

service benefits. The possibility of tenure upgrading

provides a positive incentive for FMNR by reducing

the risks of land appropriation, while communal

grazing is also consistent with the adoption of FMNR.

In contrast, the adoption of HVAF is deterred by

communal grazing which may discourage tree plant-

ing because of increased survival risks of seedlings,

confirming Pattanayak et al.’s (2003) finding that the

adoption of intensive tree planting is contingent on

lower risk.

Pattanayak et al. (2003) found that household

preference proxies were significant in only 41 % of

tree adoption studies related to tree planting, so they

were not as critical as biophysical factors and risk and

uncertainty, and that the significance and sign of

preference variables were often ambiguous. Our

research found that some preference variables were

important in influencing adoption of FMNR but not

HVAF. A probable explanation is that FMNR, which

is driven more by multiple utility and locational

flexibility, may be facilitated by the availability of

labor as well as land. In contrast, more resource

endowment variables were significant for HVAF than

for FMNR. Resource endowments are likely to be

positively correlated with the probability of adoption

of tree planting as an investment driven by economic

utility.

Conclusion

Analysis of household data revealed two distinct

strategies for tree adoption in the semi-arid and humid

zones of Ethiopia: farmer managed regeneration

(FMNR) and planting high value tree species. We

revealed that FMNR is a dominant agroforestry

practice not only in the semi-arid zone but also on

sloping land in the sub-humid zone, and it is consistent

with supporting subsistence staple-crop production

through provision of multiple utilities that can allevi-

ate negative biophysical constraints. In contrast, high

value agroforestry (HVAF) is practiced more in the

sub-humid zone and associated with tree-based farm

income, assets and off-farm enterprises. Biophysical

conditions and resource endowments are not the only

determinants of tree planting strategies. Reducing risk

and uncertainty through policy and institutional

arrangements is critical to ensure tenure security for

people to adopt FMNR on one hand, and to handle

externalities of communal grazing and adopt HVAF

on the other hand. Preferences, which were repre-

sented by household demographic variables, were

found more important for the adoption of FMNR as

Table 9 continued

Component 1-FMNR Component 2-HVAF

B SE B SE

Participation in demonstration farm .026 .052 .011 .049

Participation in interaction -.068 .051 -.008 .048

Participation in community meetings -.116 .049** -.142 .046***

Participation in training centres .121 .059** .050 .056

Distances to markets, roads & services .135 .046*** .077 .043*

F-value 4.135 .000b 6.837 .000b

Adjusted R2 .219 .343

*** Significant at 1 %; ** significant at 5 %; * significant at 1 %
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larger labour combined with larger land may facilitate

locational flexibility. The impacts of market incen-

tives turned out rather contradictory and ambiguous,

which may indicate markets and extension systems to

promote agroforestry to enhance tree-based incomes

and enterprises were not yet fully functional in the

study sites.

Our findings imply the critical importance of

understanding farmers’ preferences for specific spe-

cies with multiple utilities and locational flexibility

(Biggelaar and Gold 1996) which define their man-

agement intensities and niches to make fine-scale

recommendations of optimal mixes of species and

management options. For example, in the sub-humid

zone, managing multi-purpose trees, such as Cordia

africana, are widely adopted by farmers, as a domi-

nant feature of agricultural landscapes (Yadessa et al.

2009). Interestingly, some farmers consider Cordia

africana as primarily a timber species to earn income

and secondarily for fencing and/or/shade and so

deliberately plant the tree in homesteads or along

external boundaries. Others that primarily see the

species as fuelwood and also a soil amendment protect

naturally regenerating trees on their farms. Either way,

the tree contributes to enhancing livelihoods and food

security, even though preferred management modes

and intensities vary depending on farmers’ perceptions

and preference.

It is clear that FMNR as well as other indigenous

practices deserve more attention when designing tree

promotion initiatives, as they serve a critical role in

alleviating negative production conditions through the

provision of ecosystem services. Our findings reveal

that farmers integrate many native and exotic tree

species on their farms to meet their variable farm

conditions, needs and asset profiles in stark contrast to

most tree promotion efforts that focus on a few,

usually exotic, tree species.We recommend that future

agroforestry promotion should embrace a diversity of

tree species appropriate to matching the fine scale

variation in ecological conditions and farmer circum-

stances encountered in the field.
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