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ABSTRACT
On-farm trees are known to contribute to biophysical economical sustainability at farm and landsdavels.
This study assessed the contribution of on-farntasto tree on some selected soil fertility paransetad maize
yield, and explored farmers’ local knowledge, thituence of avocado on maize production and sdilifey at
Aro-Wagera, Damot Gale, Southern Ethiopia. Soil gam were collected from under the canopies of four
avocado trees at four radial distances (0.5-1524€5-5 and 16m) away from the trunk and at twptle (0 —
15cm and 15 — 40cm) for each radial distance. Tdiksamples were analyzed for physical and chemical
properties. The soil textural class of the soil wasdy loam at both depths and all radial distaritesre was no
significant difference in the textural classes lastww samples taken from open field and under thepgarThe
bulk density showed increasing trend with incregsilepths and positively and significantly corredatgith
distances from the tree trunk to open area. Chémicgerties including, available P, total N, orgacarbon,
soil pH, and CEC had decreasing tendency with asirg depths and four radial distances from the timenk.
The local knowledge was gathered by involving sek&n35% of HHs from the total of 206 HHs over the
studied area. Random sampling technique was usesklezted the HHs from each of the three wealth
categories. Both informal and formal surveys warpleyed. Households with different wealth categotiave
different strategies in managing avocado tree gravdifferent niches. The interviewed farmers iatéel that
avocado tree have negative influence on maize ptmdu The farmers view is supported by quantigativ
analysis. Tree-maize interaction showed reductibmaize yield under the tree canopy compared wjbno
area. On the hand, the farmers’ perception thatadm tree depletes soil nutrient was not suppdstedoil
analyzed. In conclusion, on-farm avocado tree @rflie soil nutrients grown on ic Nitosols (whicleguivalent
to Ultisols) in research site do not influenceifigytof soil under their canopy. Indeed, the tiean be regarded
as parkland agroforestry trees to integrate theth wiaize production to enhance the sustainabilftysail
fertility.
Key words: Local knowledge, Income, Parkland , Soil fertility

1. INTRODUCTION

Agriculture is the mainstay of Ethiopian economyl dhe performance of the sector is directly coteslavith
overall economic development of the country. Thetaeaccounts for more than half of the gross daimes
product, 90 percent of the export earnings and&0egmt of employment (ESRDF, 2005). In additiorhidtia
has adapted a long-term development strategy oficltural Development-Led Industrialization, more
specifically, the smallholders' agriculture is témary stimulus to generate employment and incoméice
poverty, promote industrialization and ensure aaglyic and self-sustaining growth (ESRDF, 2005). High
population pressure and scarcity of arable landpesled farmers to grow two or more crops on theesgiaces
of land. In southern Ethiopian, the populationsgtee is high (> 400 personsRmwith average land holding
of less than 0.5 hectares (Tilahun et al., 200h}Mf@dm tree cultivation (agroforestry practice)ise of such a
type of land use. Use of agroforestry practicehia Southern Region is thus, attributed to highsidgrof
population and managed both for productive andegtte purposes.

One of the predominant forms of agroforestry practs the scattered tree system commonly knowraddamd
agroforestry practice (Rao et al.,, 1998). The Hewiwn practices are those involving Faidherbia dabi
prevalent throughout the sub-Saharan Africa (Pasch®86; Kamara and Haque, 1992; Laike, 1992), d@rot
macrostachyus ( Jiregna et al., 2005), Millettiaufginea and Cordia africana (Tadesse et al., 2d80Bgne,
2003). Scattered trees have been recognized teseptrislands of improved soil conditions withindacapes.
These trees also provide products that can be mearlfer cash and offer several services that asaist
households to diversify their productions (Rocheles al., 1988; Kessler, 1992). Parkland agrofoyes
practices are the most conspicuous traditionaltipes: in low and high lands of Ethiopia, in whiclrrers
deliberately preserve several native tree spedes fvariety of uses (Zebene, 2003; Tesfaye, 20@5)his
research, contribution to income and influencesaihfertility of avocado parkland agroforestrygsemanaged
by local knowledge is considered. In the absengensfically based research information, undersiagdhe
available farmers’ knowledge is important for figuimprovement of the traditional agroforestry piceg
(Zebene, 2003). Understanding the influence ofttbes on soil fertility and crop yield will alse@lp to focus
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efforts in developing suitable management and éutasearch direction. From the Southern EthiopgaleSse et
al ( 2000 ) and Zebene ( 2003) reported improvedmoperties under the canopies of Cordial afrecamd

Milletia ferrugenia trees as compared to adjaceenaglots. With regard to our understanding of adacbased
parkland practice, under different ecological anottural settings in Ethiopia is very much limitethis is also

true for avocado parkland trees are managed inenfaids in Aro-Wagera, in Damot Gale. Hence, thiera

need to improve our understanding on the influesuatered avocado trees on soil physicochemicgepties

and crop yield in Damot Gale.

In Damot Gale, avocado trees are managed as ornbeotomponents of parkland agroforestry, boundry,
homegarden, and live fence type of agroforestrgtjmas. Although avocado trees have been, anduarently,
dominantly used at the study site, there is noystaddate that has investigated and documented faowers
manage them and view them. Furthermore, there &immtific information on its influence on physit@mical
propertes of soils and socio-economic contributiois order to enhance our understanding, the stuady
initiated with the following objectives

« To assess the influence of avocado tree on teetsel physicochemical properties of the sail

< To identify farmers’ perception on soil fertilityd management practice of the avocado tree

% To assess the influence of avocado tree on madte gnd its contribution to income

2. MATERIALS AND METHODS
2.1. Description of the Study Site

This study was carried out at Aro-Wogera peasasdaation (PA) in Damot Gale district, in the Waédazone
of the Southern Nations Nationalities and Peoplegidhal State. It is located at 372 km South ofi&
Ababa, 134 km northwest of Hawassa and 5 km fromidBbotown. Aro-Wogera (PA) is geographically falin
between 889-7°12’ N and 3775-38° 0’ E The nearest meteorology station is locatefive km from
study site. The long-term weather information shawvsrage annual rainfall of 952-1589 mm with bimoda
distribution pattern giving rise to two distinctasens. The short rains (belg season) is betweeohMa May,
whereas the heavy summer rains (meher seasoniwsdie June to October, with a peak in August. fean
annual temperature is 19 °C.

2.2 Sampling Methods

2.1.1. Informal survey

Informal interview were carried out at PA levelngiRapid Rural appaisal (RRA) techniques. To expltocal
knowledge on crop production, avocado managemehsail fertility, key informant (KI) were interweed. In
this study, Kl defined as persons who have livethim village for more than 35 years and are knogdedile
about local community, agrofoerestry and soil iéytmanagement. They were selected by farmers whre
choosen by snowball. The most frequently appeaeden Kis were selected to involve in twoivds of
the research.  Firstly, they were asked togeaitze local farmers into three wealth classeso8dly, they
were used to generate information related to maegémf soil fertility, avocado tree and impacttofes on
crops and soil fertility.

2.1.2. Formal survey

Formal survey was administered to a sample of 4%(8f the total HHs) HHs from the 206 HHs preserited
the PA. The aim of HHSs interview was to generate agrify qualitative data collected through Kl intew.
Table 6. Wealth categories of households in tree\Wiogera, Damot Gale during 2009

Socio-economic No of HHs Sample size Percent
group Per PA

Poor 90 31 44
Medium 78 27 38
Rich 38 13 18
Total 206 71 100

2.2. Tree sampling and data collection

From the selected 71 HHs, farms having relativéfyilar avocado trees from maize fields were idéedif
Farmers having avocado trees of the same age deméfied and four sample trees selected. Field dedimed
as a unit of land with distinct management, for zeatultivation. Sample trees were selected basethair
similarity in terms of age, diameter at breast heidBH), height, and crown diameter (CD) (Table Rjee
height was defined as the vertical distance froenbiiise of the tree to the upper most tips, DBHm@asured at
1.3m height by caliper and/or diameter tape. Crdiameter was measured by projecting the edge ofrthen
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to the ground. The vertical projections were meagun four directions (roughly South—North, Eastafyey
clinometers and each spot was pegged. Then twandistSouth-North, East-West were measured on thendr
by meter tape. The diameter of two measuremenésaw@rage to representative CD.

Table 7. Description of the avocado trees sample

No of trees Age(years) Height (m) DBH (cm) CD (m)
Remark
1 23 11.2 42.3 10.80
2 21 10.9 38.7 10.05
3 25 13.2 40.8 13.0
4 22 11.8 31.2 11.50

2.3. Crop yields

Maize yield was harvested from 1@rea from compass directions (South—North, Eastty\énd distances 0.5-
1 (near to trunk), 2-2.5 (mid), 4.5-5 (edge) andhféom the base of the tree trunk. From each distayield
was collected and mixed from four compass direstiditne mixed samples were used as composite sanipe.
biomass of maize was taken from the same dirediwh plot size and air-dried and their dry mattess wa
recorded.
2.4. Soil sampling and analysis

Soil samples were collected from under the carsopidour avocado trees at four radial distances-10 2-2.5,
4.5-5 and 16m) away from the trunk and two depths- (15cm and 15 — 40cm) from the surface. The 16m
distance represented sampling point, which wasnasduo be free from tree influence, and thus usecbatrol.
The soil samples at each sampling spots at thedepths were collected from the four compass dasti Soil
samples taken from the same spot distances inatinerédial directions were combined to make contposi
samples. Thus, a total of 32 (4 distance x 4 tre2glepths) soil samples were collected and andlyEke soil
samples were air-dried and ground to pass 2 armdr.&or total nitrogen and OC) sieves. All samplesre
analyzed following standard laboratory procedur@ah{emedhin and Taye, 2002). Organic carbon arad tot
nitrogen contents of the soil were determined foiig the wet combustion method of the Walkley ardcB
method, and wet digestion procedure of Kjeldhalhwét respectively (Van, 1992). Available P was &otied

by Olsen method (Olsen et al., 1954). The pH (1:2d8: water) of the soil was measured in waténgipH
meter with glass-calomel combination electrode (s, 1996). Cation exchange capacity (CEC) was
determined following 1N ammonium acetate methogtat7 (Chapman, 1965), and exchangeable Ca and Mg
were determined using EDTA titration, whereas erdeable K and Na were determined from the same
extraction with flame photometry. Soil texture wdetermined by using Bouyoucos Hydrometer methodk Bu
density was determined by core method (Blake, 1965

2.5 Statistical Analysis

The significant different among of selected physkemical properties for distance from the base \wesdyzed
of variance (ANOVA) using SAS 1997 software andaliggive statistical analyzed by SPSS 12 Windows
2001.

3. RESULTS AND DISCUSSION

3.1. Farmers’ Perception on Avocado Tree

In this study, all interviewed HHs have avocadaedrat different niche. They know when and why the

avocado trees were introduced to their farm anditieeWogera, Damot Gale (Table 3). The interviewdds

identified three periods of historical events. Rekly high number of avocado trees were introdudaring

the period of 1981-1992, the second and 1992-200@ phase. The reasons mentioned for the incriease

number include increased availability of seedliafficient distribution and supply of seedling ineggiate

quantities and timely and increased access of riagkeDuring these periods, second and third phiaighest

number of avocado trees were assigned in the ofdéilomegardens > parkland > life fences > bouedar
front yard agroforestry practices (Table 3). Thiisdings are in agreement with the results obtaiae@/ondo
Genet by (Abebe, 2000), whereas the householdgiarea planted more trees in the homegardensvididy
parkland. According to the HHs respondents (83%yuskhold consumption is the major reasons for amca
introduction in the farms include fruit sellingrdivood, lumber, shade, constructions, amenity, dodzhd
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others. HHs also mentioned that that avocado meesaged in homegardens are more productive th&tapd
field due to intensive soil management and usergduic input. They regard parkland as the mosaloidi site
for food production.

Table 8. Period of introduction avocado tredifierent niches at Aro-Wogera, Damot
Gale during 2009

phase Years of No No of respondent Socio- economic group Total
introducti f _ . .
ntroduction trge/h and niche Rich Medium Poor HHs
a (n=13) (n=27) (n=31)
HG PK LF B FY
1 1972-1981 5 32 8 - - - 13 20 7 40
2 1982-1992 8 33 13 11 8 6 13 27 31 71
3 1993-2009 10 16 45 3 4 3 13 27 31 71

HG = homegarden, PK = parkland, LF = ligade, B = boundary, FY = front yard

3.2 Soil fertility management

The interviewed HHs have a considerable knowledgesail fertility management. They select trees that
maintain soil fertility. The farmers’ view on sddrtility maintenance capability of Cordia africaisan line with

the work of Zebene (2003) and Tesfaye (2005). Laal fertility management practices include use of
compost, leaf litter from trees, crop residues, aondsehold refuse. The use of leaf litter of trémssoil
management at the study site is in line with thekvad Eyasu (2002) at Kindo Koysh, in Southern Bffia. Soil
management strategies of farmers with differentadadasses were variable. The respondents mematidimet
rich farmers have significantly large number ofraais and have a continuous supply of organic matter
maintain soil fertility. On the contrary, poor fagns have limited number livestock and their soiesss fertile.
These results are in agreement with the observatfoRrudence (1993 in Burkino Faso and Machakos of
Kenya (Tiffin and Mortimore, 1992).

This result is in agreement with the work of Hy42002) who indicated the use of some of thesetplas
indicators for soil fertility at Kindo Koysh, Sown Ethiopia. Vigour and colour of crops were mamgid to be
used by farmers as indicators of soil fertilityaRts that grow on Arada (fertile) produce vigorplents, grow
fast and early maturing, whereas plants that groviLada (infertile) soils are stunt, grow very slpwand late
maturing.

3.3 Tree management practices
According to KI and HHS opinion, coppicing, pollard, pruning and thinning are among the most ingurt
tree management practices in use at the study Baemers not only have profound knowledge on $edection
that is capable of coppicing and pruning, but afs®timing when these activities accomplished. $hitable
time for cutting coppice tree is the beginning ciywvand the end of October. The harvest from cappitees
is used for firewood, charcoal and other tree pcbdiihese findings are in agreement with the wofk o
(Rocheleau et al. 1998; Abebe, 2000; Zebene, 2G@8)ers’ technical knowledge of farm trees at thdysarea
is in line with FAO report (FAO, 1985), the work Bbschen (1986) in Hararge, Eastern Ethiopia meatio

3.4 Contribution of Tree for Income Generation

The agricultural land use practices in the studsaanvolve a mixed farming system, which includespc
production, animal, and tree planting. Farmerseggtie income from both agricultural production affidfarm
activities. The amount of income generated by asdodeees for three wealth categories is indicate@ able 4).
Rich farmers gain relatively high amount of inconfde levels of dependence on tree resources fdr cas
generation tend to be more noticeable for poor Hida the medium and the rich.
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Table 9. Wealth categories as influenced incoméritution from tree at Aro-Wogera, Damot Gale.

Socio- Land hold No of Niche Yield Annual

economic (ha) treesha gt/'year  income

group HG PK LF B FY (Blrr)

Rich 0.75 10 2 3 2 1 2 18 2563

Medium 0.25 8 2 3 1 1 1 12 1708

Poor 0.12 4 1 2 0 0 1 7 998
Avocado pH OC % TN % Avail. P mg kg

depth(cm) depth(cm) depth(cm) depth(cm)

DTB 0-15 15-40 0-15 15-40 0-15 15-40 0-15 15-40
(m)
0.5-1 7.00 6.87 2.6 1.4 0.18 0.13 18.90 6.6
2-2.5 7.05 6.92 2.3 1.3 0.16 0.12 16.90 6.5
4.5-5 6.93 6.92 1.8 1.2 0.16 0.12 15.60 6.5
16.0 6.90 6.87 1.6 1.1 0.12 0.11 9.25 6.05
CV (%) 0.79 26.23 12.8 30.62
LSDyg o 0.18 1.13 0.039 9.25

3.5 Physicochemical Properties of Soil as Influeedoy Tree Canopy

The present study revealed that the textural @askse soil was sandy loam at both 0-15 and 15#0depths
and there was no significant difference betweenpsasntaken from open field and under the canopyléra
5).The lack of textural class difference betweerfame and sub surface soils under avocado treebtrbig
attributed to the similarity in parent material fravhich the soils had originated. The BD of the shiowed
increasing tendency from surface to sub surfacd@nidcreasing radial distances from avocado tr{irdble 5).
The increasing trend of bulk density with soil deptight be attributed to low compaction, and high srganic
inputs including from vesicular-arbuscular mycdzah fungi that can bind soil particles into aggatss under
the tree than outside resulting in structural $itgland desirable pore size distribution (Whileyagé, 2002). The
BD was negatively and highly significantly corrgdtwith OC (r = -0.78**). Besides, higher amount@€
content under the canopy resulted in lower BD. Tihganic matter makes soils loose, porous, and well
aggregated. The finding was in line with the wofkkamara and Haque (1992) under Faidherbia albidh a
Jiregna et al.(2005) under Cordia africana andd@ratacrostachyus.

The pH (HO) values of the samples taken from both layereweutral according to (Herrera,2005)there was no
significant difference between the depths . SiryiJdbunham (1991) has also showed that neutral aldes under
the canopies of Faidherbia albida and Kigeliacafta in Zimbabwe. The Organic carbon (OC) contehtke soil
showed increasing tendency from surface to sutaserand radial distances from avocado trunk. .T@ev@lues
were within the range of moderate to high accordm{Herrera, 2005). The values of OC were higidgitively
correlated with TN, Av.P, CEC and soil pH, (r=0.99*r=0.97**, r=0.63**) and (r=0.89**), respectivgl The
decrease in OC content in maize field without tréght be due to intensive cultivation of annualpgoThis is in
agreement with the observation of Solomon et 8022 who indicated intensive cultivation of maibe tepletions
of OC concentration of soil, from Southern Ethigpia traditional ox plowing for 25 years. The Totatrogen
content of the soils ranged from 0.12 to 0.18% @rid to 0.13% for depths 0-15cm and 15-40cm, resby.
The finding is in line with the work of Tadesseabt (2000) and Zebene (2003) who reported highercohtent
under Millettia ferruginea and Cordia africana sreanopies than open field in Southern Ethiopia

Table 10. Soil pH, OC, total N, Available Piafluenced by tree canopy and distance from treektiat Aro-
Wogera, Damot Gale.
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The available phosphorous (Av.P) contents rangeah .25 to 18.9 mg kband 6.05 to 6.5 mg Kgin the O-
15cm and 15-40cm soil depths, respectively .Acecaydd (Herrera ,2005) categorized available P ag hoav .
The Av.P content decreased with depth and rads&hdce from tree trunk. The highest content of Aunider
canopy is attributed to accumulation of organictarat This result was in agreement with that o$#ler (1992)
who reported higher available P under Parkia bigdsh tree canopies than the control plots. Belsky: €1993)
has also reported significantly higher availablénPsoils under tree than away from tree canopy.il&ity,
Kamara and Haque (1992) reported higher level aiflable P under Faidherbia albida canopy. TheoBati
exchange capacity (CEC) values of soils ranged®4£9.1 cmol/kg and 25.35 to 28.95 cmol/kg thptlds O-
15cm and 15-40cm, respectively. The CEC valuesdcbelclassified as high according to Landon (1991)is
is in agreement with Sharma and Gupta (1989) whorted higher CEC values under Acacia tortilies tiean
open areas.

Table 11. Cation exchange capacity and percent $stseation as influenced by tree canopy and distéirom
trunk at Aro-Wogera, Damot Gale.

Avocado CEC (cmol/kg) PBS%

Soil depth(cm) Soil depth(cm)
DTB (m) 0-15 15-40 0-15 15-40
0.5-1 29.10 28.95 44,13 38.94
2-2.5 27.50 26.35 41.09 37.34
4.5-5 27.41 25.40 41.08 34.63
16.0 27.40 25.35 40.26 32.90
CV (%) 4.12 4.03
LSDqg o 1.29 3.52

Exchangeable cations showed decreasing trend mgétieasing depth and distance from tree trunk whidht

be due to organic matter deposition under canopyeefand increasing biological activity that erdenrganic
matter decomposition and subsequent mineralizatiothe exchangeable cations (Ca, Mg, Na) were no
significant difference under the tree canopy thparoareas. This is contrast with that of Budesstosl. (1995)
who reported higher exchangeable K, Ca and Mg libneee crowns at several sites in Malawi. Simjlarl
Drjkstra and Smits (2002) higher exchangeable natiDipterocarpus obtusifolius and Samanea samas tre
canopies as compared to the open areas. The pédrasatsaturation (PBS) values of soil showed dsitrga
trend with increasing depth and radical distanaenfrtree trunk. This was in agreement with Isched an
Muoghalu (1992) who reported medium value PBS afeurthe canopy of Parkia biglobosa tree in Nigeria.

3.6 Effect of Avocado on Maize Yields

Avocado and maize are the major component in padcklagroforestry practices at the study area. Admca
interacts or competes when it grows in close prayito maize. In avocado and maize interactionhbogize
yield and biomass showed increasing trends witheaming radial distance from trunk. The interactidfects
considered which was partitioned influence of sbiégmical and physical changes and competitionavbtado
and maize interaction light affect maize yield unthe tree canopy. Similarly, Rocheleau et @3@) reported
higher maize yield improvement under the canopiescacia senegal in the Senegal.
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Table 12. Total biomass and grain yield (tof)haf maize as influence by tree canopy and distéroa trunk
at Aro-Wogera, Damot Gale

DTB Total biomass Grain yield
0.5-1 0.68 0.08
2-2.5 1.74 0.42
4.5-5 4.56 151
16.0 6.69 2.30
CV (%) 21 33
LSD(0.05) 3.34 1.4

4. SUMMARY AND CONCLUSIONS
Agroforestry tree mixed with crop could increasei@agdtural production and productivity in area likgamot
Gale district where high population pressure and $oil fertility. At the study site, avocado and is@mixed
planting is managed in the form of parkland agre$try practices. However, tree management praatice
influence on soil and maize yield was not studiedhe area. Thus, the research evaluated the eimftu of
avocado tree on some selected physicochemical piiep®f the soil and maize yield at Aro-Wogera,ni2a
Gale district, Wolita Zone, Southern Ethiopia. iISamples were collected from two depths and i@dial
distances away from the base of the tree. Thessmilples were analysis for physical properties (textlass
and BD). The study revealed that the textural ctdghie soil was sandy loam at both depths andcethers no
significant difference between samples taken frgrarofield and under the canopy. The bulk densdfethe
soil were increasing tendency with increasing degtth radial distance from the avocado truck toojmen area.
The overall results of chemical properties (pH, @8, Av.P, CEC, Exchangeable bases and PBS) irsthidy,
demonstrated that were no significant differencadenrthe canopy of avocado as compared to the adjapen
areas. The influence on soil fertility is also mpreminent in the surface soil close to the tregebthan away
from the tree truck. Generally, soil fertility megement practices should be taken into considerdtical
knowledge on tree management practices using loeathilable resources. Therefore, Avocado—maizesthix
farming is crucial in giving conclusion soil managent for sustainable production and productivityhef under
tree canopy.
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