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Abstract

In northern Ethiopia, establishment of exclosures and management of remnant protected natural forests to
conserve and enhance forest products and services have been practiced for the past three decades. However,
empirical data on the effectiveness of lowland bamboo based homestead agroforestry system in rescuing woody
species diversity are lacking. The study was assessed the woody species diversity, density and composition of O.
abyssinica based homestead agroforestry systems in Serako, Tselemti district. Data were collected from a total of
ninety nine farms and plots with 10m*10m area, ninety from less than five year, five to ten years and greater
than ten years domestication of O. abyssinica based homesteads and one exclosure with nine plots as comparison
were taken. The study revealed that species density, richness and diversity were significantly higher in the
exclosure than in the three homesteads (p<0.000). The study showed that a total of 48 tree species in 25 families
and 24 tree species in 11 families for the homestead agroforestry systems and exclosure respectively were
recorded. Following the age gradient, there was a significant difference in density, richness and diversity
between greater than ten and less than five year domesticated O. abyssinica homestead agroforestry systems
(p<0.000). This study confirmed that woody species diversity was higher for those households that domesticate
O. abyssinica on their homesteads earlier than those households that domesticate later on their homesteads.
Oxytenanthera abyssinica was not found in the exclosure, showing a distinct conscious selection for planting in
the homesteads as agroforestry system. It is suggested that homestead agroforestry systems are effective for
increasing biodiversity and socio-economic contributions to rural households.
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1. Introduction

In northern Ethiopia, establishment of exclosures and management of remnant protected natural forests to
conserve and enhance forest products and services have been practiced for the past three decades (Betru et al.
2005; Mengistu 2005; Birhane 2006; Yami et al. 2007; Mekuria et al. 2013). In addition to these practices,
homestead agro-forestry systems have good potential to conserve biodiversity and provide socioeconomic
benefits to rural households (Senanayake et al. 2009; Arfin et al. 2012; Islam et al. 2013 and Rahman et al. 2013;
Seta et al. 2013).

Homestead agroforestry is a practice of integrated land use which dates back for years throughout the
drylands of Ethiopian farming system involving mixed cereal-livestock, agrosilvopastoral and silvopastoral
systems (Gebrehiwot 2004). The existence of these systems has a great potential for further development and the
introduction of new agroforestry systems (ibid). Variety of woody species in agricultural systems supplies timber
and non-timber products and ecological services, thereby, enhancing socioeconomic and ecological resiliency of
the systems (Negash et al. 2011; Abebe et al. 2013; Darcha et al. 2015). Several case studies conducted in the
smallholder farmers in southwestern of Ethiopia have experience of homegarden agroforestry for ages (e.g.
Abebe et al., 2010; Kebebew et al. 2011; Negash et al., 2011; and 2013 and Bishaw et al., 2013). Empirical study
on homestead agroforestry practices around north western Tigray is insufficient. As a result, less attention has
been given to homestead agroforestry development towards woody species conservation and addressing
household food security.

The rapidly diminishing supplies of forest bamboo through deforestation and the lack of priority in its
development and management join forces to erode its status (Kassahun, 2003; Kigomo, 2007; Darcha et al.
2015). One of the options of increasing bamboo resource and other woody species is domestication on farms as
homestead agroforestry (Kigomo, 2007, Darcha et al. 2015). However, little study has been conducted about the
effectiveness of lowland bamboo based homestead agroforestry system in conserving woody species. This study
is therefore proposed to bridge the gap in the literature by investigating woody plant diversity of Oxytenanthera
abyssinica based homestead agroforestry systems of the study area.

2. Materials and Methods

2.1. The Study area
The study was conducted at ‘Serako Peasant Association (PA), Tselemti district, Northern Ethiopia (13°05°N
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latitude and 38°08” E longitude) between October and December 2014 (Fig. 1). The district is at an altitudinal
range of 800 - 2872 m.a.s.l. and it covers a total area of 717,000 ha (TARI, 2002; WARD, 2014).
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Fig 2: Geographical location of Serako_Tselemti

The agro-climatic condition of the area is hot to dry semiarid lowland plains dictated by a very hot
temperature. The maximum temperature ranges from 35.6°C in May to 36.4°C in April, while the minimum
temperature is ranging from 15.7°C in December to 21.8°C in May (TNMA, 2014) (Fig. 2). The dry season
occur between November to March whereas, the rainy season occurs between June to September, which follows

a unimodal rainfall pattern (Fig. 2).

400.0 - - 40
350.0 - - 35
300.0 - - 30
g 250.0 - - 25
-’
S 200.0 - - - 20
=
5 150.0 - 15
=4
100.0 - - 10
50.0 - -5
0.0 T T T -0
Jan Feb Mar Apr May Jun July Aug Sep Oct Nov Dec
mmm Monthly Total Rainfall  =@=Av.Max. Temp. Av.Min. Temp.

Temperature (0C)

Fig 3: Six year rainfall and temperature of the study area (Source: TNMA, 2014)

The most dominant soil types of the study area are Cambisols, Nitosols and Vertisols, (TARI, 2002).

The dominant Combretum-Terminalia vegetation species are Cordia africana, Oxytenanthera abyssinica, Croton
macrostachys, Acacia senegal, Boswellia papyrifera, Anogeisus leiocarpus, Tamarinudus indica, Euphorbia
tirucalli, Faidherbia albida and Erythrina abyssica as farm woodlots, scattered on farm , road sides, farm
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boundaries (WARD, 2014). Mixed farming system is the main livelihood of the community in the study area.
The district has a total population of 138,858, of which 70,108 are men and 68,750 are women (CSA, 2007). The
population density of the district is 35.99 people km™. The population of Serako has a total population of 4317
with 2197 male and 2120 female. There are 764 households with 656 male headed and 108 female headed
resulting household.

2.2. Data collection

A total of ninety homesteads that had Oxytenanthera abyssinica were selected purposively from three villages.
Three domestication year of Oxytenanthera abyssinica (less than five domestication year, five to ten
domestication year and greater than ten domestication years) in total ninety, thirty plots each, as homestead
agroforestry and one exclosure with nine plots were taken to compare species diversity. Data were collected at
two levels; farm and sample plot from one household. Data’s such as total area of homesteads and all plant
species that domesticated in homesteads were taken from farm level as overall assessment and the homesteads
often display a uniform of farm units which can easily take two sample plots, one representative and another
random sample plot of 10*10m (100m2) for both tree and shrub species. Vegetation sampling on exclosure was
done on transect lines perpendicular to the contours. A total of three line transects each with an average length of
400 m were laid at a distance of 250 m between them.

To avoid the effect of disturbances the first and the last line transects were laid at a distance of 100 m
from the edges. On each line transect, three sample plots were laid at every 100 m along the transect line. The
maximum number of plots per transect was 3 in the exclosure. In each plot all woody tree species with a
diameter at breast height/ DBH/ > 5.00 cm and height > 3.00 m were considered as trees. In the study tree
species saplings were considered with a DBH < 5 ¢cm and DBH > 2.00 cm, and 0.50 m to 3.00 m height.
Similarly seedlings were considered as those stems with DBH < 2.00 cm and height < 0.50 m (Mengustu, 2005).
Diameters and heights were measured using diameter tape and graduated wooden rod, respectively. Within each
sample plot, the number of individual seedlings of different species was directly counted. All woody plants with
in the sample plots were identified and recorded. The woody plant species encountered in the plots were
identified on spot based on own experience supported by plant knowledge of local elders and useful trees and
shrubs of Ethiopia (Azene et al., 1993).

2.3. Data analysis

2.3.1  Species diversity

Diversity, which is synonymous with heterogeneity (Krebs, 1999), comprised species richness and evenness.
Indices that combine both richness and evenness in to a single value are diversity indices. Species diversity
indices were analyzed using software PAST (Hammer et al., 2001). Diversity has emerged as the most widely
used criterion to assess the conservation potential and ecological value of a site (Magurran, 1988).

a. Shannon Wiener's diversity index

Shannon diversity index, H = — 2;121 Piln Pl (1)
Where:
H = species diversity index;
In = natural logarithm
Pi = /N is the proportion of individuals found in the i species (ranges 0 to 1); and
n = number of individuals of a given species; N = total number of individuals found (Shannon and Wiener, 1949).

Shannon diversity index (H) is taking in to account the number of individuals as well as the number of
species. Shannon diversity Varies from 0 for a community with only a single species to a high value for a
community with many species, each with few individuals (Krebs, 1999). Shannon diversity index high when it is
above 3.0, medium when it is between 2.0 and 3.0, low between 1.0 and 2.0, and very low when it is smaller
than 1.0 (Cavalcanti and Larrazabal, 2004).
2.3.2  Species composition
The quantitative analysis was made using data from density, abundance, frequency of distribution of each
species in the study sites.
a. Species density was determined by counting the number of individuals in the sample plots and converting the
count into hectare basis.

Total Number of individuals of a species

b. Density of a species =
Y P Sample size in hectare

Number of sample plot in which a tree species occured

¢. Species frequency = * 100
Total sample plots surveyed
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) ) Number of individuals of a tree species
d. Relative Density (RD) = — — % 100; and
Tota number of individuls of all tree species

) requency of occurence of a tree species
e. Relative frequency (RF) = / yof f — x 100
Total frequency occurances of all tree species

f. Coefficient of Jaccard (Sj) is expressed as follows:
To measure the similarity of exclosure and Oxytenanthera abyssinica based Homestead agroforestry of species
presence and absence, the most commonly used binary similarity coefficient was used (Krebs, 1999).

Sj—( < )*100 (6)

a+b-c
Where: a= total number of species in exclosure site; b= total number of species in homestead Agroforestry; and
c= the number of species common in the exclosure and in the homestead Agroforestry.

The range of all similarity coefficient for binary data is supposed to be from 0 (no similarity) to 1
(complete similarity) (Krebs, 1999). Then, a one-way analysis of variance (ANOVA) with a fixed effect model
at P < 0.05 was used to see the effect of domestication of Oxytenanthera abyssinica based woody species
diversity and area closure on species diversity, composition and abundances using SPSS Version 16.0.
Treatments were further compared using Post hock Gabriel test for their average values at 5% level of
probability.

3. Results and Discussion

3.1 Woody species composition and diversity in Oxytenanthera abyssinica based homestead Agroforestry
system

3.1.1. Density

The total numbers of woody plant species recorded in the exclosure and in the homestead were sixty one. Overall

assessment of sampled homesteads of Serako are generally rich in woody species where a total of 48 cultivated

plants were grown with an average of 13.83 plants in less than five, 14.27 plants in five to ten and 15.97 plants

greater than ten domestication year of Oxytenanthera abyssinica as homestead agroforestry (Table 1) when

compared to the research study conducted by Zaman et al. (2010) and Islam et al. (2013) in the homesteads of

Bangladesh. The most abundant species was Cordia africana (76.67%), followed by Z. spina- Christi (54.44%)

and C. macrostachys (25.56%). The frequency of Mangifera indica and Faidherbia albida were 7.78% of the

total sample, which were the least frequent species.

More than one-fourth of the density was contributed by only three species, Cordia africana,
Oxythenanthera abyssinica and Ziziphus spina- Christi (Table 1). Species such as Ozoroa insignis, Grewia
ferruginea, Terminalia brownie, Eucalyptus camaldulensis and Milletia ferruginea exhibited very low densities
in the study area. Cordia africana has the highest relative density (19.22%) fallowed by Oxytenanthera
abyssinica (15.56%) and Ziziphus spina- Christi in the exclosure (Table 1).
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Table 1 Plant species composition of the Oxytenanthera abyssinica based Homestead Agroforestry system

Vernacular name

species scientific name

species family

frequency Re.frequency density ( ha)

Re. density (ha)

Awhi Cordia africana Boraginaceae 76.67 16.91 158 19.22
Arkay Oxythenanthera abyssinica Poaceae 84.44 18.63 128 15.56
Gaba Ziziphus spina- Christi Rhamanaceae 54.44 12.01 124 15.16
Papaya Carica papaya L. Caricaceae 18.89 4.17 43 5.28
Gomoro Acacia polyacantha Fabaceae 20 4.41 39 4.74
Hanse Anogeisus leiocarpus Combretaceae 21.11 4.66 38 4.6

Tambok Croton macrostachys Euphorbiaceae 25.56 5.64 38 4.6

Nim Melia azedarach Meliaceae 12.22 2.7 20 2.44
Tsekente Ficus ingens Moraceae 10 221 19 2.3

Sagla Ficus sycomorus Moraceae 12.22 2.7 18 2.17
Abetere Ziziphus jujube Rhamnaceae 8.89 1.96 16 1.89
Memona Faidherbia albida Fabaceae 7.78 1.72 16 1.89
Mango Mangifera indica Anacardiaceae 7.78 1.72 14 1.76
Gonoq Dichrostachys cinearea Fabaceae 6.67 1.47 11 1.35
Aranshi Citrus sinesis Rutaceae 3.33 0.74 11 1.35
Shiferaw Moringa oleifera Moringaceae 6.67 1.47 10 1.22
Chea Acacia abyssinica Fabaceae 5.56 1.23 9 1.08
Amam gime Piliostigma thoningii Fabaceae 3.33 0.74 9 1.08
Bek. lemin Citrus lemon Rutaceae 4.44 0.98 8 0.95
Adgi zana Sterospermum kunthianum Bignoniaceae 4.44 0.98 7 0.81
Awo Boscia salicifolia unidentified 3.33 0.74 7 0.81
Hatsinay Gardenia lutea Rubiaceae 5.56 1.23 6 0.68
Lemin Citrus aurantifolia Rutaceae 222 0.49 6 0.68
Zeythun Psidium gaujava Myrtaceae 3.33 0.74 4 0.54
Aye Diospyros mespliforms Ebenaceae 4.44 0.98 4 0.54
Ayahada Dovyalis abyssinica Flacourtiaceae 333 0.74 4 0.54
Mekie Balanites aegyptiaca (L.) Del.  Balanitaceae 1.11 0.25 4 0.54
Tirmi Acacia persiciflora Fabaceae 222 0.49 3 0.41
Guramaile Vangueria edulis unidentified 222 0.49 3 0.41
Gosho Rhamnus prinoides Rhamnaceae 1.11 0.25 3 0.41
Humer Tamarinudus indica Fabaceae 3.33 0.74 3 0.41
Zibe Dalbergia melanoxylon Fabaceae 1.11 0.25 3 0.41
Dima Adansonia digtata Bombacaceae 3.33 0.74 3 0.41
Tiq.berebere Schinus molle Anacardiaceae 222 0.49 3 0.41
Darle Sterculia Africana Sterculiaceae 1.11 0.25 3 0.41
Bus Jacaranda mimosifilia Bignoniaceae 3.33 0.74 3 0.41
Beles Ficus carica Cactaceae 1.11 0.25 3 0.41
Anqua Commiphora Africana Burseraceae 1.11 0.25 2 0.27
Daero Ficus vasta Moraceae 2.22 0.49 2 0.27
Chigono Albizia amara Fabaceae 1.11 0.25 2 0.27
Birbra Milletia ferruginea Fabaceae 1.11 0.25 2 0.27
Bahrizaf Eucalyptus camaldulensis Myrtaceae 1.11 0.25 2 0.27
Ziwawie Erythrina abyssinica Fabaceae 1.11 0.25 1 0.14
Jatrofa Jatropha curcas Euphorbiaceae 1.11 0.25 1 0.14
Atat Maytenus arbutifolia Celastraceae 1.11 0.25 1 0.14
Shitora Ozoroa insignis Unidentified 222 0.49 1 0.14
Weyba Terminalia brownie Combretaceae 1.11 0.25 1 0.14
Tsinkuya Grewia ferruginea Tiliaceae 1.11 0.25 1 0.14

Twenty four woody plants were found in the selected exclosure (Table 2). This finding is lower when
compared with the report of Mekuria et al. (2013). This species difference may be due to difference in age of
exclosure and site conditions. The most frequent woody species of the exclosure were Dodonaea angustifolia
(77.78%), Anogeisus leiocarpus (66.67%) and Vangueria edulis (66.67) and Ficus hochstettelri, Lannea
fruticosa and Strychnos innocua were 33.33% of the total sample.

The total densities of woody plants were encountered about 8444 individuals per hectare in the
exclosure (Table 2). Most of the density was contributed by three species, Rhus natalensis, Vangueria edulis and
Dodonaea angustifolia. Species such as Dalbergia melanoxylon, Acacia polyacantha, Boswelia papyrifera and
Ximenia Americana exhibited very low densities in the study area. Oxytenanthera abyssinica was not found in
the exclosure and this clearly shows that there was a conscious effort to domesticate the plant.

Statistical analysis displayed that there was very significant difference in density of woody plants (P<
0.000) between exclosure and the Oxytenanthera abyssinica based homestead agroforestry systems (Table 3).
The higher mean value of density in the exclosure could be due to management difference which is in agreement
with the result of Mastewal et al. (2006), revealed that the most abundant woody species in the 29-year old
exclosure were Dodonea angustifolia (293 no./ha), Acacia etbaica (225 no./ha), and Euclearacemosa
subsp.schimperi (207 no./ha). Density of woody plants were higher in the order of greater than ten, five to ten
and less than five year of Oxytenanthera abyssinica based homestead agroforestry systems but, didn’t show
significant difference (P<0.05, Table 3).
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Table 2: Plant species composition of the exclosure

Vernacular Re. density
name species scientific name species family Frequency Re.frequency density (ha) (%)

Tetaelo Rhus natalensis Anacardiaceae 44.44 5.71 2033 24.22
Guramayle Vangueria edulis Unidentified 66.67 8.57 1422 16.91
Tahses Dodonaea angustifolia Sapindaceae 77.78 10 1200 14.34
Ziwawie Erythrina abyssinica Fabaceae 11.11 1.43 622 7.35
Gonoq Dichrostachys cinearea Fabaceae 3333 4.29 589 6.98
Gaba Ziziphus spina- Christi Rhamnaceae 44.44 5.71 556 6.62
Hanse Anogeisus leiocarpus Combretaceae 66.67 8.57 311 3.68
Tiqu.berebere Schinus molle Anacardiaceae 55.56 7.14 278 3.31
Enque hibey Erythrina abyssinica Fabaceae 22.22 2.86 189 221
Anqua Commiphora Africana Burseraceae 11.11 1.43 189 221
Kirawih Ehretia cymosa Boraginaceae 11.11 1.43 189 221
Zengerefia Lonchocarpus laxiflorus ~ Fabaceae 11.11 1.43 156 1.84
Ayahada Dovyalis abyssinica Flacourtiaceae 44.44 5.71 156 1.84
Sesewe Combretum collinum Combretaceae 3333 4.29 122 1.47
Tinquaqgiwe Strychnos innocua Loganiaceae 3333 4.29 67 0.74
Digudugungi Lannea fruticosa Unidentified 3333 4.29 67 0.74
hambohambo Cassia singueanea Unidentified 55.56 7.14 67 0.74
Afekemo Ficus hochstettelri Moraceae 33.33 4.29 33 0.37
mul-o Ximenia Americana Olacaceae 11.11 1.43 33 0.37
meqer Boswelia papyrifera Burseraceae 22.22 2.86 33 0.37
Tetem agazen Astralogus atropilosulus ~ Unidentified 11.11 1.43 33 0.37
Awo Boscia salicifolia Unidentified 11.11 1.43 33 0.37
Gomoro Acacia polyacantha Fabaceae 11.11 1.43 33 0.37
Zibe Dalbergia melanoxylon  Fabaceae 11.11 1.43 33 0.37

3.1.2.  Diversity

Species diversity was higher in the exclosure as compared to that of homesteads with the mean values of 1.87
and 1.33, 1.45 and 1.57 for the exclosure and less than five, five to ten and greater than ten domestication year of
Oxytenanthera abyssinica based homestead respectively (Table 3, P<0.05). This could be due exclosure was
well-protected from human and livestock interference. For instance, Mastewal (2006) concluded that exclosures
close to roads and villages were more susceptible to human and livestock interference than those far from roads
and villages.

There was a significant difference in diversity between greater than ten and less than five year of
Oxytenanthera abyssinica based homestead agroforestry (p <0.05). There was no significant difference in
diversity between five to ten and greater than ten domestication year of Oxytenanthera abyssinica based
homesteads, although greater than ten years of Oxytenanthera abyssinica based homesteads had greater diversity
value than five to ten domestication year of Oxytenanthera abyssinica based homesteads (p <0.05).

3.1.3. Richness

The analysis of variance (ANOVA) revealed that exclosure was brought significant difference on species
richness (P< 0.000, Table 3). Similarly, species were rich in the greater than ten years Oxytenanthera abyssinica
based homestead Agroforestry as compared to less than five years Oxytenanthera abyssinica based homestead
Agroforestry (P<0.000) level of significance. The result showed a successful restoration of woody plant species
richness and diversity in area exclosure compared with the Oxytenanthera abyssinica based homestead
agroforestry systems which are in line with the studies of Birhane (2002) and Mengustu (2005).

3.1.4. Evenness

Although there was slight difference in numerically, no significance difference was showed (P=0.39, Table 3) on
species evenness among the exclosure and different aged homestead agroforestry systems. Our finding is in line
with the study of Mekuria et al. (2013) reported that no significant difference (p<0.05) in evenness value
between any of the exclosures ages and the adjacent communal grazing lands.

The evenness values are high to justify uniformity in composition of woody plant species between
homestead agroforestry systems than exclosure. This may be due to farmers manage equally multi-functional
woody plants than exclosure. The slight decrease in evenness value in exclosure may be due to high species
interaction that leads to species competition. Though there were differences in altitude of farms significantly
(P=0.005), they didn’t affect composition and diversity of trees.
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Table 3: Comparisons of woody plant diversity in the exclosure and homestead agroforestry systems

Parameters Exclosure Less than five Five to ten Greater than ten P value
Density 1622.2° 740° 816.67" 923.33° 0.000
Diversity 1.87° 1.33° 1.45% 1.57¢ 0.001
Richness 7.78° 4.27° 4.73% 5.37° 0.000
Evenness 0.85% 091°? 091°? 0.92? 0.39
Biophysical

Altitude 1388° 1401° 1384° 0.005
Slope 7.43° 8.83° 9.03° 0.60

3.1.5. Species similarity

Table 4 indicated that, the lowest mean value of Jaccard similarity coefficient was recorded in the exclosure. In
spite of the relatively lower value of Jaccard similarity coefficient in the exclosure, there was no significant
difference (p=0.3). Similarity difference between exclosure and the three homestead agroforestry systems to
some extent might have resulted from the management. Farmers could domesticate species in their homesteads
based on different functional groups. Such as species that have feed, fodder, timber and other values
simultaneously.

Table 4: Jaccard similarity coefficient between the study sites

Study sites >10 old age <5 old age 5-10 old age Exclosure
Mean 0.44° 0.43*° 0.40° 0.16"
P value 0.33 0.33 0.33 0.33
LSD 0.384

Means with the same letter are not significantly different

4. Contribution of functional groups of woody plants in selected homesteads
From the recorded 61 species, 13 different main uses were identified: 31 species were timber (32%), 16 plants of
feed (17%), 14 species of fruit producing species (15%), 13 species of firewood (13%), 6 medicinal plants (6%),
4 species of live fence (4%), 3 ornamental species (3%), 3 species of honey bee flora (3%), and 2 species of
cultural value (2%) (Fig 3).

It should be noted that single species can have multiple functions.

Ingrideint for Biodiesel Incense

Soil fertility beverage 1% 2%

Honey bee
flora Use value in %
0,
3% Live fence
4%
Ornamental (;E;inal /
3% °
? Feed
17%

Fig 4: percent of functional groups of woody species of the study area

5. Conclusion

This study concludes that Oxytenanthera abyssinica based homesteads agroforestry system can be considered as
a means to conserve companion woody plant species and enhance socioeconomic well being of the study area.
Density, diversity and richness were higher in the exclosure as compared to that of Oxytenanthera abyssinica
based homestead Agroforestry systems. Diversity and richness was significantly higher in the greater than ten
year compared to less than five year Oxytenanthera abyssinica based homestead agroforestry systems. Species
dissimilarity was not significant among exclosure and the three homestead agroforestry systems. Oxytenanthera
abyssinica was not found in the exclosure, showing a distinct conscious selection for planting in the homesteads
as agroforestry system.

24



Journal of Natural Sciences Research www.iiste.org
ISSN 2224-3186 (Paper) ISSN 2225-0921 (Online) J LN |

Vo5, No9, 2015 ISTE

References

Abebe T, Wiersum K and Bonger F 2010. Spatial and temporal variation in crop diversity in agroforestry
homegardens of southern Ethiopia. Agroforest Syst., 78: 309-322.

Abebe T, Wiersum K and Bonger F 2013. Diversity, composition and density of trees and shrubs in agroforestry
homegardens in southern Ethiopia, Agroforest Syst, DOI 10.1007/s10457-013-9637-6.

Arifin H, Munandar A, Schultin K and Kaswanto R 2012. The role and impacts of small-scale, homestead agro-
forestry systems (“pekarangan’) on household prosperity: an analysis of agro-ecological zones of Java,
Indonesia. International journal of AgriScience, 2(10): 896-914.

Azene B 2007. Useful trees of Ethiopia: identification, propagation and management in 17 agroecological zones.
Nairobi: RELMA in ICRAF Project, 552.

Betru N, Jawad A and Nyborg I 2005. Exploring ecological and socio-economic issues for the improvement of
area exclosure management a case Study from Ethiopia. DCG report No. 38, May 2005, 3-30.

Birhane E, Teketay D and Barklund P. 2006. Actual and Potential Contributions of Exclosures to Enhance
Biodiversity in Drylands of Eastern Tigray, Journal of the Drylands, 1(2): 134-147.

Bishaw B, Henry N, Jeremias M, Abdu A, Jonathan M, Gemedo D, Tewodros A, Kathleen G, Habtemariam K,
Ian K Dawson, Eike L, and Cheikh M 2013. Farmers’ Strategies for Adapting to and Mitigating
Climate Variability and Change through Agroforestry in Ethiopia and Kenya,edited by Caryn M. Davis,
Bryan Bernart, and Aleksandra Dmitriev. Forestry Communications Group, Oregon State University,
Corvallis, Oregon.

CSA (Central Statistical Authority), 2007. Central Statistical Authority Abstract. Addis Ababa, Ethiopia, 24.

Darcha G, Birhane, E 2015. Biomass and carbon sequestration potential of Oxytenanthera abyssinica in the
homestead agroforestry system of Tigray, Ethiopia, Journal of Natural Sciences Research, 5(5): 2224-
3186.

Embaye K 2003. Ecological aspects and resource management of bamboo forests in Ethiopia: Department of
Short Rotation Forestry Uppsala. Doctoral thesis, Swedish University of Agricultural Sciences,
Uppsala.

Gebrehiwot K 2004. Dryland Agroforestry Strategy for Ethiopia: Paper presented at the Dry-lands Agroforestry
Workshop 1st-3rd September 2004. ICRAF Headquarters, Nairobi- Kenya.

Hammer B, Harper D and Ryan P 2001. PAST: Palacontological Software Package for Education and Data
Analysis. Palaeontologica Eloctronica. 4(1): 9.

Islam S, Miah Q and Habib M 2013. Diversity of fruit and timber tree species in the coastal homesteads of
southern Bangladesh, J. 4siat. Soc. Bangladesh, 39(1): 83-94.

Kebebew Z, Garedew W and Debela A 2011. Understanding homegarden in household food security strategy:
case study around Jimma, southwestern Ethiopia, Research Journal of Applied Sciences, 6(1): 38-43.

Kigomo B 2007. Guidelines for Growing Bamboo (2™ edition), KEFRI, Kenya.

Krebs C 1999. Ecological methodology. 2nd edition. University of British Colombia, Harper Collins, New Y ork.

Magurran A 1988. Ecological diversity and its measurement. Chapman and Hall, London.

Mekuria W and Yami M 2013. Changes in woody species composition following establishing exclosures on
grazing lands in the lowlands of Northern Ethiopia, African Journal of Environmental Science and
Technology, 7(1): 30-40.

Mengistu T, Demele T, Hulten H and Yonas Y 2005. The role of communities in area closure management in
Ethiopia. Mountain Research and Development. 25 (1): 44-50.

Muhammed N, Masum M, Hossain M, Chakma S, Oesten G 2012. Floral composition and biodiversity
conservation in homestead forests in Mymensingh, Bangladesh. International Journal of Biodiversity
Science, Ecosystem Services & Management, 7: 247-257.

Rahman S, Baldauf C, Molle E, Al-Pavel M, et al. 2013. Cultivated plants in the diversified homegardens of
local communities in ganges vally, Bangladesh, Science Journal of Agricultural Research and
Management, 2276-8572.

Senanayake R, Sangakkara U, Pushpakumara D and Stamp P 2009. Vegetation composition and ecological
benefits of home gardens in the Meegahakiula region of Sri Lanka, Tropical Agricultural Research,
21(1): 1-09.

Syed A, Cristina B, Eefke M, Muha A, Mahmudul M, Terry S 2013. Cultivated Plants in the Diversified
Homegardens of Local Communities in Ganges Valley, Bangladesh Science Journal of Agricultural
Research & Management, 197: 6.

Talmos S, Sebsebe D and Zemede A 2013. Home gardens of Wolayta, Southern Ethiopia: An ethnobotanical
rofile. Acadamia Journal of Medicinal Plants 1(1): 014-030.

TARI (Tigray Agricultural Research Institute), 2002. Spatial stratification of agroecologies in Tigray, Mekelle.

WARD (Woreda of Agriculture and Rural Development), 2014. Annual report of Office of the agricultural and
rural development of Tselemti Woreda, Tselemti.

25



Journal of Natural Sciences Research www.iiste.org
ISSN 2224-3186 (Paper) ISSN 2225-0921 (Online) JLLEN|

g ISTE

Yami M, Gebrehiwot k Stien M, Mekuria W 2006. Impact of area exclosures on density, diversity, and

population structure of woody species: the case of May ba’ati-douga Tembien, Tigray, Ethiopia, J.Nat.
Res, 8:99-121.

Zaman S, Siddiquee S and Katoh M 2010. Structure and diversity of homegarden agroforestry in Thakurgaon
District, Bangladesh, The open Forest Science Journal, 3: 38-44.

26



The IISTE is a pioneer in the Open-Access hosting service and academic event management.
The aim of the firm is Accelerating Global Knowledge Sharing.

More information about the firm can be found on the homepage:
http://www.iiste.org

CALL FOR JOURNAL PAPERS
There are more than 30 peer-reviewed academic journals hosted under the hosting platform.

Prospective authors of journals can find the submission instruction on the following
page: http://www.iiste.org/journals/ All the journals articles are available online to the
readers all over the world without financial, legal, or technical barriers other than those
inseparable from gaining access to the internet itself. Paper version of the journals is also
available upon request of readers and authors.

MORE RESOURCES

Book publication information: http://www.iiste.org/book/

Academic conference: http://www.iiste.org/conference/upcoming-conferences-call-for-paper/

IISTE Knowledge Sharing Partners

EBSCO, Index Copernicus, Ulrich's Periodicals Directory, JournalTOCS, PKP Open
Archives Harvester, Bielefeld Academic Search Engine, Elektronische Zeitschriftenbibliothek
EZB, Open J-Gate, OCLC WorldCat, Universe Digtial Library , NewJour, Google Scholar

c Je‘ m l\l)l\C(())Ht\l(l\
I'OS

O ULRICHS\WEE  JournalTOCs |

£ 2 ¥ Elektromsche
008 Zeitscnnftendibliothek
( ) ¥/ \ "y
(’C\ | | LR
) A e

oCLC WF [ IBRARY

WorldCat



http://www.iiste.org/
http://www.iiste.org/journals/
http://www.iiste.org/book/
http://www.iiste.org/conference/upcoming-conferences-call-for-paper/

