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ABSTRACT:

Trees outside forest have immense benefits for people’s welfare in rural
Ethiopia. Understanding and characterizing the incentives and constraints of
smallholder tree growers is essential to hasten efforts in rural transformation.
This study has investigated the most important tree species grown by
smallholder farmers in the highlands of northwest Ethiopia. Data was
collected from 150 households that grow the trees. Survey with semi-
structured questionnaire interviews was used to collect information on tree
species grown, tree growing niches and uses, as well as, selected socio-
economic characteristics. The number of trees and types of tree species grown
by each household was calculated with and without adjusting to farm size.
Linear regression model and other tests were employed to identify the most
important determinants of tree growing behaviour of households and spatial
variables affecting the abundance and frequency of tree species. About 25 tree
species were found grown by farmers. The total number of trees, tree species
and their spatial patterns differed markedly among farms. Multiple linear
regression of tree abundance and frequency of tree species on household
characteristics showed significant relationship. The number of livestock
owned by the household, land holding size and age of the head of the

household affect positively the number of trees and number of tree species
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grown by the households. Gender affected the species and spatial pattern of
trees. Our result support the proposition that farmers assign their parcels of
lands to land uses that increase the rent value of the land, and this rent value
was affected by spatial variables. Our results suggest that future policy and
extension program should target increasing the number of tree species on
resource endowed households, and increasing the number of trees on younger
and less resource endowed ones. Our finding that farm land and boundary
planting to be important tree growing niche may indicate future intervention

points.
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INTRODUCTION:

The northwest highlands of Ethiopia have a londolnysof intensive land

use and deforestation. The major causes of defbi@sthave been land
clearing for arable land and pasture, cutting tfeesimber and fuel. The

rapidly growing human population, civil unrest,\vasll as, severe episodes
of drought have their role for the problem. The rioy has already felt

biomass deficit and started state initiated tremngaltion by the end of the
nineteenth century (Bekele, 2003; Kasaal., 2011). Currently, despite
increased recognition of importance of trees oetsarest and plantation
forest cover increment globally (FAO, 2010), trdanting in northwest

Ethiopia is highly restricted around homesteads§&et al., 2011).

Outside Ethiopia, in parts of Africa, Asia and lbatAmerica, smallholder
tree growing have been constrained by a wide rafdactors, which vary
kaleidoscopically according to owners charactesstthe tree species and
the environment it is grown, as well as market esiand policy variables
(Arnold, 1997; Adesina and Chianu, 2002; Amackeml., 2004). The

importance of resource endowments of householdeearfarm land, labor
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and livestock was reported to affect small holdee planting (Adesina and
Chianu, 2002; Pattanayak al., 2003). These factors and their interaction
with the allocation of scarce resources and theetadf in the household
were also reported to affect tree planting (Salamal., 2000). The
importance of government incentives in promotingetplanting was also
reported from Indonesia (Nibbering, 199%lowever, Dewees (1993)
reported that government initiated tree plantingemtives did little good in
Malawi with complicated problem to implement theitiative. In the
Philippines, Emtage and Suh (2004) reported theoitapce of household
demand and consumption of wood for timber and fueihg the most

important factors in driving household decisiorplant trees.

The decision to grow trees by smallholder farmeralso affected by market
incentives, such as availability of markets forpai$s and inputs, their price
and associated income loss (Arnold, 1997; Waebel., 1997; Arnoldet
al., 2006). On the other hand, Patehl., (1995) reported that the decision
to grow or not to grow trees among households mayinfluenced by
differences in factor costs, differences in factmdowments and poorly
functioning factor markets. The importance of mé&land policy variables
in affecting household tree planting increases ey tare important in
shaping risk perception and risk construction & tkecision maker in the
household in the farming system (Murray and BaenisP004). Where
farmers perceive uncertainties in land and treargenare too poor to enjoy
remote benefit stream, they do not show interesiniresting on long
rotation crops such as trees (Bannister and Na@3R These factors at the
farm level affect the spatial and temporal patt@nd also management of
trees (Nawirt al., 2007).
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In Ethiopia smallholder tree growing and their ctaerization was reported
earlier (Teketay and Tegineh, 1991; Mekonnen, 2@0fbeet al., 2010).
Especially, the importance of land holding sizenifg size, gender and
education of household head, and livestock holdmgonstraining and
shaping household tree planting decision have beported in the Gedeo
and Guraghe highlands (Abeleal., 2006; Ayele, 2008), around Ginchi
and Menagesha (Mekonnehal., 2006; Mekonneret al., 2009; Duguma
and Hager, 2010), and in Tigray (Mekonnen, 200%réegziabheet al.,
2010). These sources have also indicated the ienpoetof some factors
influencing household’s tree planting behavior. fecample, Mekonnen,
(2009); Gebreegziabhet al., (2010) found that households with relatively
more male labor, relatively higher income, and ghlr proportion of off-

farm income, are more likely to plant trees in herh Ethiopia.

The importance of Eucalyptus in current tree ptampractice of farmers in
Ethiopia has been stressed by many authors (Mekaatrak., 2007; Jenbere
et al., 2012). Some studies have suggested that thgrasing Eucalyptus
trees are particularly profitable in northern Eth@where rate of return for
farmers investment are above 20 percent (Jagger Remtler, 2003)
including on less favored lands (Holdetnal., 2003). Kidanuet al., (2004)
has shown theaEucalyptus can be planted with proper management on water
logging problematic soils in the highlands of Effieo without significant
nutrient depletion and crop yield loss. In gendrah country where 84% of
the population lives in the rural areas, biomassgnis the main source of
energy for 62-66% of the total population, and fdarestry contributes up
to 20% of the total wood increment of the forestorgces (EFAP, 1994),
increasing farmer’'s participation in tree planticguld be among the

solutions for the observed biomass deficit. Althoulgere are some studies
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elsewhere in Ethiopia, additional information ispontant for sound policy
advice that will help to boost the participationsofiallholder farmers in tree
planting and enhance the contribution of treesniprove rural livelihood.

The objectives of this study, therefore, are: 1)dentify the most important
tree species grown by farmers; 2) to investigaéephittern of tree growing
in the land use system, and 3) to study deternsnahthe number and
diversity of tree species and spatial pattern eésrgrown by smallholder
farmers and their implication on the lives and rape in rural Ethiopia.

Materials and methods

Study area

The study was conducted in the Ambober-Wuzabaictisif Gondar. It is
located north of Lake Tana between latitude 12°8T'AN and longitude
37°31'24.37"E, approximately 30 km south of Gondawn. Part of the
village was occupied by Bete Israel (Jews of Etlappbefore their
emigration to Israel. The village is also connddby 10 km dry weather
road to the main highway that connects Ethiopia &@wban. This
geographical location implies that the area is lyigtonnected to the
emerging and growing national and regional marHdte average land
holding size is 0.56 ha. The farming system is mhigeoplivestock system
where trees also form valuable component. The ®remtransition zone
between low production potential cereal-livestooke in the east and high
production potential cereal-livestock zone in thestvand south. A typical
household is entitled over three parcels of lartke Tirst parcel of land is
located surrounding the homestead, and has nevem kabjected to
government land redistribution program. The secand the third parcels

are located away from the homestead and theiritota mainly dictated
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during the government land redistribution prograrhiol occurred four

times in the past.

Sampling and data collection

Combinations of random and purposive sampling veengloyed to select
150 households from the list obtained from theritistand administration

authority. The selected households were interviewsia a questionnaire to
collect major explanatory variables supposed tecaffhe decision to select
and grow trees. The variables include, age anebsbgad of the household,
land holding size, number of cattle owned, familges including age

structure and years since managing the land. Tebeu of cattle was

recoded in Tropical Livestock Unit (TLU). Focus gmdiscussion, transect
walk and farm visits were employed to collect trelated data. The location
of each household was recorded with GPS (Garmin @R SDuring focus

group discussion exhaustive list of the tree spgetias been obtained,
followed by ranking and prioritizing to select theost important ones. The
focus group discussion also revealed the importahtesecting the village

into sub-villages (got), Ambober and Woyiniye, mygirbased on their

spatial location to the main road. During farm tasiwe recorded and
measured every tree species encountered on a fazamonunicated by any
member of the household for its presence, inclugirgsence in particular
tree growing niches. Tree growing niche on a faeferto the location of

trees on the farm and their establishment pattethealocation. The niches
that were distinguished were trees in the homesteed, trees mixed and
scattered on cropland, trees on boundaries of #mmn,fand trees on
woodlots.

The tree species considered do not have similavtgrbabit. For this study,

we considered only those tree species which caw gio to five meters.
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Therefore, we employed the number of mature treeshe farm and the
number of species or frequency of mature tree speon the farm to
develop dependent variables. The first variable thagotal number of trees
per household with and without adjusting the valitgbin farm size into
hectare, and the second was the number of spesidsopsehold with and
without adjusting per hectare. The survey was doom January-August
2009 and December 2009-October 2010.

Data analysis

GPS data was uploaded to Google Ea¥tHor spatial analysis. Household
data was rectified for possible outliers. Thoseeobastions which were
found outliers were removed from analysis. Theefave used the data
from 135 households for further analysis. The ddiained was analyzed
for descriptive statistics, one way analysis of ialate (ANOVA),

independent t-test and regression by using Ordinbeast Square
Estimation (OLS). Differences in the total numbétrees and the number
of tree species among tree growing niches weredesy using one-way
ANOVA. Independent t-test was employed to testedldhces in the number
of trees and number of tree species grown betwesda headed and female
headed households, and also differences betweeroBenkand Woyiniye

sub-villages got). Multiple regression by using OLS was employedgttady

the importance of different household socio-ecomonsharacteristics
supposed to affect the tree growing behaviour aerté the diversity and
density of trees grown by a given household. Thelasmatory variables
included in the analysis were villages, gender agd of the household
head, number of years the household resided oemr&sdholding, family

size, size of landholding in hectares, size ofdieek owned in tropical

livestock unit. The dependent variable used in dhalysis was diversity
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statistics of trees grown by the household as rmedshy the absolute
density of trees and number of tree species orfaitme with and without

adjusting for the variability in our sampling urthe farm size.

Result

A total of 25 tree species were found to be growrfasmers for different
purposes. The average number of trees owned pesehold was 98.21, and
the average number of tree species grown per holss@las 6 (Table 1).
The average land holding is 0.56 ha, scattered iffereht parcels with
average distance between plots 2.1 km. Tree spédegry depending on
planting niche, village and gender of head of tloaidehold. The most
dominant tree species wer&ucalyptus camaldulensis followed by
Rhaminus prinoides, Ficus thoninngii, Albizia schimperiana, Cordia
africana, Acacia abyssinica and Croton macrostachys (Table 2). In
Ambober village,E. camaldulensis accounts 90% of the total number of
trees followed byF. thonningii (3%), R. prinoides (2.3%). Whereas at
Woyiniye, E. camaldulensis accounts 49% of the total number of trees
followed by R. prinoides (19%), C. macrostachys (4%), E. tirucali (4%),
andF. thonningii (3%) (Table 2).

There was significant difference in the numberreg$ and number of tree
species among tree growing niches. The highest aurob trees was
recorded from woodlots followed by inside farm  bdaries and

homesteads in decreasing order. In terms of nuwitiege species, the
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Table 1 Descriptive statistics of the variables

Variable Mean Std.
Deviation

Village dummy 0.62 -

Sex of household head dummy 0.75 -

Age of household head in years 45.75 13.91

Years of land ownership 20.78 9.53

Family size in number 5.13 2.14

Farm size in hectares 1.10 0.86

Livestock (TLU) 2.28 2.33

Abundance of trees
Density of trees per hectare

Species richness (number of species per land tg)ldin

98.21 149.36
92.23 121.73
5.90 5.03

Number of speciesper hectare

7.34 7.59
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Table2 Mean tree abundance (std. Error) separated by village, gender and tree growing niches

Village Gender Growing niche

Ambober Woyiniye inside farm Homestead Boundary odlot Female Male
Acacia abyssinica 0.04 (0.031) 0.48(0.83)  1.04(0.22) 0.32(0.11) 0.25(0.10) - 0.18(0.08) 0.47(0.09)
Albizia schimperiana 0.02(0.022) 0.56(0.11)  1.57(0.35) 0.25(0.10) 0.03(0.02) - 0.17(0.11) 0.55(0.11)
Arundo donax - 0.17(0.16) - - 0.55(0.54) - 0.02(0.02) 0.18(0.18
Bersama abyssinica - 0.31(0.09) 0.70(0.26) - 0.31(0.18) - 0.21(0.17) 0.27(0.09)
Carisa edulis 0.02(0.022) 0.11(0.046) - 0.15(0.10) 0.22(0.12) - 0.11(0.09) 0.09(0.04)
Cordia africana 0.98(0.47) 0.58(0.09) 1.03(0.23) 1.41(0.39) 0.17(0.07) - 0.41(0.15) 0.73(0.15)
Croton macrostachys 0.39(0.15) 0.95(0.15) 1.35(0.34) 1.57(0.33) 0.47(0.13) - 0.43(0.17) 0.97(0.15)
Dodonea anguisitifolia - 0.68(0.25) 0.05(0.05) 0.58(0.41)  1.62(0.69) - 0.01(0.01) 0.73(0.26)
Eucalyptus 44341894  11.97(3.88) 0.09(0.07) 0.08(0.08)  1.57(0.66) 69.47(18.00) 14.45(8.65)  18.68(5.47)
camaldulensis )
Euclea schimperina - 0.07(0.03) - 0.12(0.07) 0.13(0.10) - 0.13(0.09) 0.04(0.03)
Euphorbia abyssinica - 0.03(0.02) - - 0.1(0.07) - 0.07(0.07) 0.01(0.01)
Euphorbia tirucalli 0.30(0.23) 2.04(0.50) - - 6.52(1.57) - 0.73(0.48) 2.03(0.52)
Ficussur - 0.03(0.01) 0.02(0.02) 0.01(0.01) 0.06(0.04) - 0200.02) 0.03(0.01)
Ficus thonningii 1.62(0.61) 0.79(0.21) 0.30(0.12)  2.14(0.67) 1.31(0.45) - 0.33(0.17) 1.12(0.26)
Grewia ferugenea - 0.03(0.01) 0.03(0.02) 0.06(0.04) - - - 0.03(0.01
Olea europea 0.11(0.08) 0.38(0.07) 1.06(0.21) 0.20(0.07) 0.06(0.04) - 0.13(0.06) 0.39(0.07)
Opuntia ficusindica - 0.01(0.01) - - 0.04(0.04) - - 0.01(0.01)
Otostegia schimperi - 0.03 (0.02) - 0.10(0.07) - - - 0.03(0.02)
Phytolaca dodecandra ~ 0.11(0.11) 0.09(0.02) 0.04(0.03) 0.05(0.03) 0.287D. - 0.09(0.04) 0.10(0.03)
Prunus persica 0.17(0.11) 0.12(0.04) 0.02(0.02) 0.48(0.14) 0.024p. - 0.05(0.04) 0.16(0.05)
Pterolobium stellatum - 0.02(0.01) - - 0.08(0.05) - 0.01(0.01) 0.02(90.02
Rahminus prinoides 1.14(0.48) 4.50(1.09) 13.82(340)  1.08(0.47) 0.70(0.40) - 1.41(0.55) 4.66(1.16)
Rhus glutinosa - 0.09(0.03) 0.05(0.04) 0.12(0.08) 0.12(0.07) - 0600.05) 0.08(0.03)
Rhus vulgaris - 0.07(0.03) 0.02(0.02) 0.08(0.06) 0.11(0.06) - 0500.05) 0.06(0.03)
Rosa abyssinica - 0.14(0.04) 0.01(0.01) - 0.44(0.14) - 0.05(0.04) 0.13(0.05)
Mean number of tree 49.25(18.83 24.54(4.08) 21.52(4.02) 8.87(1.31) 15.18(2.33) 30.8.00) 19.09(8.70)  31.57(5.58)

)

t-vale=24.71(1.99)a t-value=-12.48(-1.11) F=9.10b Sig=000 b
Mean number of tree 0.73(0.08) 1.37 1.40(0.09) 1.85(0.20) 1.40(0.16) 1.32(0.16)
species (0.09)

t-value=-0.65(-3.10)* t-value=-0.67(-3.68) F=14.10 Sig=000

a=mean difference and in bracket t-values for arapde t- test, b=ANOVA and the corresponding F-tesd

significance value
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highest was recorded on homesteads and the leagtatiot (Table 2). The
most important tree species scattered inside farenRa prinoides, A.
schimperiana, C. macrostachys, O. europaea, A. abyssinica, and C.
africana. The most abundant trees on homesteadiate thonningii, C.
macrostachys, C. africana, O. europaea and R. prinoides. Tree species
which were found abundantly on boundary plantingude E. tirucali, D.
anguisitifolia, E. camaldulensis and F. thonningii. Woodlots are mainly
practiced byE. camaldulensis (Table 2). The highest number of trees
recorded on woodlot mainly arises from the extrgniédh planting density
of E.camaldulensis by farmers as there is littlerkiviy knowledge
regarding the management of this species on farnfietd. Rather the
increase in the number of trees and number ofdpeeies inside the farm
and boundaries may indicate increasing trend efptanting by smallholder
farmers amid increasing parcel fragmentation anuatirization. The OLS
model has explained that 37% of the variation waseosed among
households in the total number of trees they gréwl8.09, P < 0.001).
When the dependent variable was adjusted for the of land owned
(number of trees per hectare) and fitted for theesaxplanatory variables,
the prediction power declined to 26.6% (F=8.34, ®G601). Variables such
as the number of livestock in TLU, size of land ednand age of head of
household significantly predicted by both of the dels. Nevertheless,
family size was significant in the regression modélen the dependent
variable is adjusted for size of land owned butindhe first model (Table
3).

Similarly, the OLS models developed to predict slogioeconomic factors
responsible for the variation observed in the fegguy/number of tree
species predicted 48% of the variation in the ddpetvariables (F=19.80,
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Table 3 Ordinary Least Square (OLS) estimation for tree abundance with and

without adjustment for sample size

Variables Model 1 Moded 2

Total number of trees in aNumber of trees adjusted

household for hectare
Village dummy -37.95 (-1.57) -10.25 (-0.48)
Sex of household head -14 .67 (-0.56 3.58 (0.16)
Age of household head 2.51 (2.29)* 4.08 (4.21)***
Years in number since land owned -0.49 (-0.27) 400641)
Family size 5.30 (0.98) 8.24 (1.72)*
Farm size in hectares 42.45 (2.51)** -68.09 (-¥87
Livestock in TLU number 27.44 (5.15)*** 19.77 (4 p&*
Constant -108 (-2.32)* -116.51 (-2.82)**
Joint significance (F-test) 185871.72 (13.09)*** IRA.73 (8.34)***
Adjusted R? 0.37 0.27

Figures in parenthesis are corresponding t-valoeshie coefficient and the astrix marks

indicate their level of significance where *= P<0,.6*= P<0.05 and ***= p<0.1

However, when the number of tree species was adjustr farm size, the
prediction power declined to 30.4% (F=9.&75< 0.001). Variables such as
the number of livestock in TLU, size of land owné&hily size, and age of
head of household significantly predicted by botlihe models. However,
village dummy was significant in the regression gloghen the dependent
variable is adjusted for size of land owned butindhe first model (Table
4). The independent t-test analysis was run toitdsiere was significant
difference between villages and between sexes atih@f households.
There was significant difference (P < 0.05) in thean abundance of trees
between Ambober (64 trees) and Woyiniye (119 treg®n the variability
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in landholding size among households was not takém consideration.
However, when the mean number of trees was adjdetedariability for
farm size, the difference becomes statisticallygiméicant and is lower than
that of the unadjusted one (Table 5). The indepantéest for the mean
difference in the count of tree stem number shovmeoh-significant
difference between female (58 trees) and male (IrE2s) headed
households. Nevertheless, there was significaferdifice in the number of
tree species maintained by male headed and fenesded households
(Table 5).

Discussion

The number of trees and number of tree speciesmgtmwfarmers in our
study area is comparable to other studies. Foamest, (Duguma and Hager,
2010) found 27 tree species grown by farmers intrakrighlands of
Ethiopia, and (Mekonnen, 2009; Gebreegziabher.e@ll0) reported the
average density of trees per hectare to be 158 tre@morthern Ethiopia
which is higher than our result. According to Warme al., (1997) the

pattern of trees grown on farm and the drivershif pattern can be
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Table4 Ordinary Least Square (OLS) estimation for tree specieswith and without
adjustment for sample size

Variables Mode 1 Model 2
Total number of tree species in aNumber of tree species
household adjusted for hectare
Village dummy 0.78 (1.06) 2.82 (2.18)*
Sex of household head 079 (0.99) 1.98 (1.43)
Age of household head 0.10 (3.03)* 0.12 (2.08)*
Years in number since land owned -0.04 (-0.76) -0.10 (-1.08)
Family size 0.34 (2.05)* 0.06 (0.22)
Farm size in hectares 1.64 (3.19)** -5.30 (-5.88)***
Livestock in TLU number 0.62 (3.83)*** 1.11 (3.90)***
Constant -3.91 (-2.74)** 3.64 (1.46)
Joint significance (F-test) 261.26 (19.80)*** 399.28 (9.87)***
Adjusted R? 0.48 0.30

Figures in parenthesis are corresponding t-valoeshie coefficient and the astrix marks

indicate their level of significance where *= P<0,.6*= P<0.05 and ***= p<0.1

Table5 Test of equality of means of tree abundance (total number of trees) and

number of tree species separ ated by village and sex of head of the household

Village Mean difference  Sex Mean
Ambober Woyiniye Female  Male difference
Number of 63.51(98.43)  119.19(170.14)  -55.68(-2.12)* 58.49 1170 -53.21(-2.12)
trees
Number of 8583(85.83)  96.10(96.10) -10.27(-0.47) 71.99 99.10-27.11(-1.11)
trees (ha)
Number of 3.49(3.49) 7.36(5.27) -3.87(-5.34)* 3.24 681 @5
. *k
species 4.39)
Number of 5.81(6.27) 8.26(8.18) -2.45(-2.04)* 4.98 813 g4
2.47)*

species (ha)

The figures in parenthesis on the mean are thelatdrdeviation of the mean.

The figures in parenthesis on the mean differemed-galues and the corresponding level

of significance where **=pP<0.05.
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examined in terms of farmer livelihood strategiesl @f the dynamics of
rural change. A pattern or a combination of patemay exist in a given

land use system, depending upon the farming system.

Boundary planting areas and inside farms contriieehighest proportion
of trees which is in agreement with previous rep@dRuguma and Hager,
2010). This may be the result of fragmentationaofrf lands and/or reaction
to the current tenure insecurity (Deininger and, 2006; Gebreselassie,
2006). Land use intensification, which includesnpddion of more trees,
with increasing population has been proposed (Bpsand Kaldor, 1965).

Yet, diminished number and diversity of trees ihesttree growing niches
may be a reflection of the current tenure arranggme the country

(Rahmato, 2008).

Livestock ownership can both be a threat and oppdasyt for tree growing.
In the presence of free grazing and open accegseyorights, livestock
population may be a threat for tree plantationsvadbeless, livestock
ownership can also promote tree plantation andesgation of species that
have forage values. In our study area the mean Values was 2.3 and
livestock ownership positively affected the numlmdrtrees planted by
households. A unit increase in TLU, increase tegquency of trees by 27 at
P < 0.001 when the number of trees was not adjusted for fsim® and by
20 trees aP < 0.001 when the number of trees was adjusted for farm. siz
Our finding agree with the finding reported from r@ghe highlands in
Ethiopia (Ayele, 2008), and yet Gebreegzialdted., (2010) had reported a
decrease in the number of trees planted with iseraa the number of

livestock managed by households.
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The size of farmland owned by the households dfdcaftree planting
behaviour positively and consistently. Our findwgh regard to farm size
revealed that those farm households with largetspid land maintained
more trees compared to those farm households whatdrelatively smaller
size of land. The impact was so large that asdhd bwned increased by
one hectare, the frequency of trees maintainedhpetare in a household
increased by 45 treed? (< 0.001). Ayele (2008) reported positive and
significant relation between farm size and numbetrees, and he found
that an increase by a hectare in landholding likelincrease the number of
trees per household by 934 in the Guraghe highlamd&hiopia. Similar
reports of positive effects of farm size on treanpihg were also reported in
Tigray, Ethiopia (Gebreegziabhet al., 2010; Mekonnen, 2009), in Laos
(Darr and Uirbrig, 2004), in the Philippines (Em¢agnd Suh, 2004) and in
Bangladesh (Salaet al., 2000).

Our investigation showed older households likelygtow more trees than
younger ones. As age of the head of the househotdased by a year, the
number of trees planted by the household was liteelpcrease from 2.5- 4.
Similar reports of positive impact of age and faxatumulated experience
in favour of more tree on the farm has been redai@ebreegziabhett al.,
2010). Yet, others have reported age to affect aomftree planting
negatively. This is especially true when tree pranis less profitable than
other agrarian activity, and age was reported tyemse the calculative
capacity of the household for profits and also @pdited future risks. In
other cases, age may hinder tree planting simplgrolarmers being less
flexible and less willing to engage in innovatiarh technologies (Thacher
etal., 1996; Ayele, 2008).
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Our result showed that family size did not affegngicantly the absolute
number of tress grown by households, but it affbctee number or
frequency of tree species. Family size may affexiskhold tree planting
either by increasing the wood demand for the hoalgebr by increasing the
availability of human labour for tree planting. dur study area, however,
larger sized families were likely to grow diversmge of tree species than
smaller sized families. The importance of familyesiin influencing
positively farm tree planting by increasing the ilklity of labour has
been discussed in Ethiopia (Gebreegziabdieal., 2010; Holdenet al.,
2003; Mekonnen, 2009).

Our result from the independent t-test analysiswsib the presence of
significant difference between the mean number oées and
number/frequency of tree species maintained bydesriving in Ambober
and Woyiniye villages (Table 5). In Ambober, the shaominant trees
planted by farmers wak.camaldulensis which accounts 90% of the total
number of trees planted by farmers. At Woyinigesamaldulensis accounts
49% of the total number of trees, followed By prinoides (19%). This
differentiation may arise from the differences auwlssimilarity of
management objectives of the two tree speciesedise of transporting of
the products to the market and also the locatiorthef two villages in
reference to the road. Despite very high plantiegsity, Eucalyptus is
largely harvested when it is pole size, and forketr as far as the Sudan.
The product is bulky to transport which compelseascto the road. On the
other handR.prinoides is grown mainly for its leaves which are used for
local beverages, the leaves can be carried andpwaed easily to any
market by human or by any of draught animals. Tioeee those households

located at Woyiniye farther out from the road teéadspecialize in planting
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and growingRprinoides which is easy to carry to the nearby market.
According to the Von Thinen theory (1966), landllscated to the use that
gives the highest land rent value. Land rent valme be affected by spatial
location in relation to road and market. BdEbcalyptus and R.prinoides
have good market at Gondar, ltucalyptus has additional market in the
neighbouring Sudan. Households in our study areavghese two tree
species disproportionally higher than other trescgs supporting the basic
land use model of Von Thinen. However, the potedaager may be that
farms that are located near to the main road maychenged into
monoculture plantation ofEucalyptus. This threat may expand with
increasing demand ducalyptus products in Ethiopia and the neighbouring

countries.

In contrary to previous reports, our finding showed statistically
significant difference in the total number of trgadanted by female and
male headed households. However, the differencesigasficant when it
comes to the frequency/ number of species. Althottginseret al., (2005)
reported from Malawi that a high incidence of noarrmed women to be
associated with increased tree planting, previemonts from Ethiopia
(Ayele, 2008; Mekonnen and Kohlin, 2009; Gebredgaet al., 2010)
had shown that tree planting by female headed holde was much less
likely than their male counterparts. In our stutipwever, the observed
difference in the frequency of tree species/nunobbéree species brought by
gender may be from the selective behaviour of fenh@aded households.
Female headed households specialize on plantingethree species that
increase the rent value of their land, legitimatarttenure security from the
government or that demarcate their property permandrom threat of

border dispute from their powerful male neighbours.
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Conclusion and practical implication

This study characterized the role of trees in #renfng system of northwest
Ethiopia, and identifies the major tree speciesmgrdoy farmers, planting
pattern of tree species, constraints and incenfivesee growing and their
implication for practice. The most important tregewn by farmers are
Eucalyptus camaldulenis, Rahminus prinoides, and Ficus thonningii.
However, all in all the farming system can be cbtmdzed a€ucalyptus-
Rahminus-cereal-livestock farming system. Trees are grown scattered inside
farm, on homesteads, boundaries, and blocks of wtsodPlanting around
boundary areas and inside farms contribute theelsigproportion of trees.
The number of livestock owned by the household] lapiding size and age
of the head of the household affect positively thenber of trees and
number of tree species grown by the householdsir&@xtension program
should target increasing tmimber of tree species on resource endowed
households, and increasing timember of trees on younger and less
resource endowed ones. Female headed househedisioth to plant trees,
in addition to increasing the rent value of themrqel of land, was
constrained by weakness or bias of local jurisdictto settle boundary
dispute. Strengthening institutions that can seitlgperty border disputes
with little transaction cost may lessen the comstsaon female headed

households for their decision to plant trees.

There is an increase in the number of trees andbaurof tree species
planted inside the farm and boundaries. This mdicate increasing trend
of tree planting by smallholder farmers amid insieg parcel
fragmentation and miniaturization. However, fertil/gms and parcels of
land that are located near the main road are likelyoe changed into

monoculture plantation ofucalyptus camaldulensis. This threat may
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expand with increasing demand of Eucalyptus pradircEthiopia and the
neighbouring countries. This in turn will affectofib production by taking
parcels of land which otherwise would have beer dse other food crops
which bring less income than Eucalyptus.
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