Bibliography of agroforestry research and development work in Ethiopia

Studies On traditional Agroforestry systems in Ethiopia

Kindu Mekonnen, 2001. Practices, constraints and agroforestry interventions in Yeku watershed northeastern Ethiopia

EJNR 3 (1):161-178

Integrated watershed development has been considered as one of the strategies to create a healthy environment and boost crop production in Amhara region, Ethiopia. Based on this understanding Yeku watershed was selected as one of four pilot watersheds in the region. The watershed is administratively located in Woleh 06 Kebele (the lowest administrative unit), Sekota wereda and Waghamra Zone. The survey was conducted in 1999 to characterise agroforestry practices and tree species in the watershed, to identify and prioritise constraints, and to suggest solutions together with the farmers. The Participatory Rural Appraisal Technique was used for the detailed study. Existing agroforestry practices in the watershed are trees and shrubs in closed areas, trees and shrubs in sylvipastoral lands, trees on farmlands, trees along rivers, and trees in homesteads. Soil erosion, shortage of animal feed and wood, and prevalence of desiccating wind are critical problems in the farming system. Suggested agroforestry interventions are protection and management of naturally regenerated trees on farmlands, planting agroforestry trees in homesteads and riverbanks, introduction and expansion of vegetative strips on farmlands, and strengthening of temporarily closed areas through enrichment planting. Moreover, alternatives such as use of fuel wood conservation systems, introduction of other fuel sources, incentives for farmers who properly plant and manage trees, and development of farmers’ confidence in tree and land ownership are proposed as strategies to minimise the gap between wood demand and supply. Intensive agroecology-based multipurpose tree/shrub screening and management research programmes are essential in the determination of appropriate species for specific areas.

Teshome Soromessa and Sebsebe Demissew, 2002. Some uses of plants by the Benna, Tsemay and Zeyise people, Southern Ethiopia

EJNR 4(1): 107-122

The study was carried out on uses of plants among the three ethnic groups of southern Ethiopia, the Benna, Tsemay and the Zeyise. Information on uses and vernacular names of plants were gathered by interviewing local people. Plant specimens were collected, processed identified and deposited at the National Herbarium in Addis Ababa University. A total of 80 different species of plants representing 37 families were recorded providing. The scientific family and vernacular names as well as uses by the three ethnic groups are presented. The integration of indigenous knowledge in the activities pertinent to development and afforestation by indigenous species is recommended.

Peter Poschen, 1986. An evaluation of the Acacia albida-based agroforestry practices in the Hararghe highlands of Eastern Ethiopia

Agroforestry Systems 4: 129-143.

Growing Acacia albida as a permanent tree crop, on farmlands with cereals, vegetables and coffee underneath or in between, is an indigenous agroforestry system in the Harrarghe highlands of Eastern Ethiopia. However, there is practically no systematic record or data on the merits and benefits of this practice. The paper presents the results of an investigation in to the effects of the presence of A. albidia on farmlands on the yield of maize (Zea mays L.) and sorghum (Sorghum bicolour L.Moench). Twenty seven plot pairs each consisting of one plot underneath the A.albida foliage cover and the other in the open, away from the tree- on farmers’ fields, in a 40 km radius around the Alemaya College of Agriculture, were sampled and the yield components analysed. A statistically significant increase in crops yields by 56% on average was found for the crops under the tree canopies compared to those away from the trees. This increase was caused by the improvement in 1000grain weight and number of grains of plants under the tree, indicating that the trees enhanced the fertility status of the soil and improved its physical conditions in terms of crop growth.

Additional benefits from the A. albida  trees include supply of fuelwood and fodder. Quantitative estimates of these outputs as well as their monetary values are presented in the paper. However, in order to realize these benefits to a discernible extent, higher stand densities of the tree than at present are required. Based on an enquiry about the farmers attitude towards A.albida, the prospects for an extension of this promising agroforestry technique are discussed against the background of the state and trends of development of agriculture in the area. It is surmised that despite some shortcomings like the relatively slow and highly variable growth of A.albida and a conflict with the spreading cultivation of Ch’at (Catha edulis Forsk.), the prospects of extension of this technique are good. It is recommended that its propagation should be incorporated in to the programmes of the extension agencies of the various governmental agencies concerned with land use.

J.Kahuranga, Y.Alemayehu, S.Tadesse and T. Bekele, 1993. Informal surveys to assess social forestry at Dibandiba and Aleta Wendo, Ethiopia

Agroforestry Systems24: 57-80

Two surveys were carried out at Dibandiba, a semi-arid site in central Ethiopia, and Aleta Wendo, a sub-humid site in southern Ethiopia, to assess farmers' attitudes toward and perceptions of tree planting, levels of social forestry and uses of tree products. At Dibandiba, farmers planted mostly Eucalyptus camaldulensis trees, exclusively on homesteads and Acacia albida was left on farmland. Trees were planted mainly for construction (32%), fuel wood (29%), shade (11%) and cash (11%). Major (85%) uses were fencing, fuel wood, construction and plough handles. Dung was the major source of fuel (56%). At Aleta Wendo, planting consisted of Eucalyptus globulus mostly on private woodlots and homesteads, of Milletia ferruginea and Cordia abyssinica on farms, and of Euphorbia abyssinica on fences and boundaries. Avocado and pears were also planted. The uses were the same as at Dibandiba.Major constraints were lack of seedlings and shortage of land at both sites, plus shortage of water at Dibandiba. Also, a review of information obtained from previous surveys on household composition and income, farm holding, cropping pattern, livestock composition and the use of labour was made.

Selamyihun Kidanu and Gezahegn Ayele, 2004. Farm Practices and economics of Eucalyptus globules boundary plantings on highland Vertisols in Ethiopia

Agriculture and Human Values (submitted). 

PhD thesis Chapter 5 (71-86), WUA 

Population pressure led to changes in land use and livelihood strategies in the highlands of Ethiopia. Among others, fast growing exotic trees species are integrated in to tree-crop production systems in spite of a perception that this practice adversely affects crop productivity. This study has investigated tree crop farming practices with special reference to Eucalyptus globules boundary planting, its economic implication and factors affecting adoption of the practices, based on a case study from Ginchi watershed in the central highlands of Ethiopia.

E.globulus trees are planted along farm boundaries in a row aligned in east west or north-south direction with one meter inter row spacing. Farmers use different levels of management for this tree planting. In the Ethiopian highlands E.globulus produce a harvestable tree within four to five years although farmers on Vertisols prefer a longer rotation period (8-12 years) to maximize wood production. The annual wood production rates range between 168 to 2900 kg ha-1 depending on soil type, stand age and rotation cycle.

Farming experience, educational background, farm size, soil type and the position of farmland in the landscape are the most important factors, which influence the adoption of boundary planting. Most households plant trees along boundaries for fuel wood and timber production. It also considered a cash crop. Most farmers prefer to plant one tree species at a time, although there are more than 10 suitable species available. Its fast growth and coppicing ability makes E.globules the most preferred tree species in the Ethiopian highlands. The economic advantages override the reduction in crop yield. In spite of low stand density and long pay off period, the Eucalyptus-wheat system achieved returns to land 1.3-1.7 times, and returns to labor 1.2-1.5 times greater than sole wheat cropping. In addition, for the smallholder farmer the role of Eucalyptus globulus boundary planting is far reaching when it is evaluated in its potential contribution to the farming system through its substitution of dung fuel.

Zemede Asfaw and Ayele Nigatu, 1995. Home–gardens in Ethiopia: Characteristics and plant diversity

Ethiopian Journal of Science 18(2): 235-266

A study was conducted on 111 home-gardens located in 58 sites in central, eastern, western and southern Ethiopia. The study area covered urban, peri-urban and rural settings of Dega (highland), Weyna-dega (middle land) and Kolla (low land) agroecological zones. Variations in home-garden frequency, position, size, shape, crop composition, planting pattern and level of development were observed. The gardens studied could be grouped in to backyards (48%), front-yards (26%), side-yards (13%) and enclosing yards (13%). On the average, many homes located in peri-urban towns of the Weyna-dega zone have gardens. The variations observed can best be accounted for by agroclimatic and socio-cultural factors. High diversity of species (162), of which 78% were food crops, was observed in home-gardens. Typical garden crops (52%), conventional field crops (22%) and those cultivated in both setups (27%) were recorded during the survey. On the whole, maize (Zea mays L.) and Enset (Ensete ventricosum (Wells.) cheesm.) were the most frequent crops in home-gardens. Fruit and vegetable crops constituted 41% of the species recorded, while other economically useful species occurred in gardens that produced cash and staple crops. Many multipurpose tree and shrub species were used as live fences. Rural farming families frequently use both home-gardens and fields to produce most of their crops. The home-garden complex is viewed as reminiscent of traditional agroforestry systems. It is a place where evolution and diversification of many crops of indigenous taxa have occurred. Also, crops introduced in the primal stage of agricultural innovations and species planted at experimental levels are found in home-gardens. It is concluded that the potential of home gardening in Ethiopia is quite significant.

Damel Teketay and Assefa Tigineh, 1991. Traditional tree crops based agroferestry in coffee producing areas of Harerge, eastern Ethiopia

Agroforestry Systems, ??: 257-267, 1991

A preliminary survey of seven coffee producing Awrajas (Provinces) in eastern Ethiopia revealed that there is a traditional tree crop based agro forestry system being practiced by the farmers. Coffee (C. arabica) was found to grow under the shade of several trees. 16 species usually intercropped by one or several, a total of 15, important grain, fruit, vegetable, stimulant, oilseed and spice crops. The majority of the trees,69%, is leguminous and Ficus spp. The system is characterized by the integration of crops, livestock and sometimes apiculture. Recommendations are made for future studies.

Sue Edwards, 1990. Traditional tree crops in Ethiopia: historical records and economic importance

Proc. 1st NRC conference, pp 159-185

With the growing interest in agroforestry as an approach in developing sustainable agricultural systems, it is appropriate to look at the history of the use of perennial species in Ethiopian agriculture. This paper lists over 55 perennial crops and related species that have been used in various ways in Ethiopia. It does not include plants of only medicinal importance. It is suggested that traditional fruit trees should be given serious attention in developing house gardens to improve the basic nutrition of farm families.

Dechasa Jiru, 1990. Current Agroforestry Systems in Ethiopia 

Proc. 2nd NRC conference, pp181-185
Agroforestry is a land use system and practice in which forest trees, livestock, and arable land (for crops) are integrated on the same unit of land and managed to give yield on a sustainable basis either simultaneously or sequentially. It is a practice that is economically sound and culturally compatible.  Trees are deliberately left to grow on farmland or pasture. The total output is greatly enhanced under integrated management over production of each component in isolation. The integration can be linear, mixed or even in blocks in an arrangement based on specific objectives and appropriate technology required for a particular place. Several traditional systems exist in Ethiopia, and there are new technologies started by several institutions at a national level across different land use systems. The review reveals that on the basis of national potential and needs several gaps and overlaps have been observed as a result of lack of coordination and insufficient experience. This paper deals with the most prominent system and technologies, which can highlight problems and possibilities of general research areas to be conducted in the future. The actual agroforestry areas are not clearly delineated. They are presented in a manner to indicate the major integral components in Ethiopia at the conceptual level.

Teshome Tesema, 1996. Socio-economic issues that affect adoption conditions of farmers in agroforestry developments in Eastern Gojam Zone, Ethiopia.  Skinnskatteberg: Swedish University of Agricultural Sciences, 

Ethiopian MSc in Forestry Programme thesis works, Report No. 1996:11.

This work provides an assessment of the development problems affecting the adoption of agroforestry technologies in two communities of Eastern Gojam Zone, Amhara Regional State.  Questionnaire survey covering 10 per cent of the households in both communities and Participatory Rural Appraisal techniques were used to generate the primary data.  The report indicates that lack of access to production resources, cattle damage, uncertainties in land holding rights, and health problems were the major bottlenecks hindering a wider use of agroforestry practices.  It then recommends that measures that would tackle each of the problems identified in the course of data analysis.

Abebe Seifu Weldetsadik. 2000. Farmers’ private tree growing traditions and management at Wondo Genet. 

M.Sc Thesis, Wagningen University, The Netherlands, pp.68.

In the past three decades, forestry extension in Ethiopia was not effective enough to address forestry development needs. Historical negligence of private forestry is one of the essential problem areas that require investigation. Despite the absence of official government encouragement in private forestry, farmers have a tree planting management tradition in some parts of Ethiopia. Yet these practices have hardly been recorded and little is known about the various types of farmers’ tree growing practices. This study attempts to explore such practices in Wondo Genet (WG), which is located within the Ethiopian Rift Valley. The survey was conducted in four peasant Associations (PAs): Goto onoma, Shesa kekele, Wosha soyoma and Watera Kechema. These PAs are located in WG and the survey was carried out from July to September 1999. In order to investigate farmers’ tree growing tradition, four clusters of villages were selected from the four Pas.

Different methods (informal interview and observation, semi-structured interview, structured interview, farm interview, wealth ranking, and literature review) were employed to collect data from the development organisations, Pas and Households. Sixty households, stratified by three wealth categories, were randomly drawn for a structured interview and farm inventory. Quantitative data from the structured interviews and farm inventory were analysed using descriptive statistics. The findings show that farmers’ are well informed about the benefits of trees. They are actively engaged in tree management. The number of tree species retained and planted confirms this. Overall, 40 tree species were cultivated in the farms. More than 50% of the sampled households owns more than four tree species.

The most widely planted and preferred exotic tree species was Eucalyptus. The most commonly retained and preferred indigenous tree species was Cordia africana. Farmers planting trees near and around homestead, along external and internal boundaries, to a lesser scale as woodlot. Fruit trees, coffee, and Cordia africana in most cases are planted in the home garden together with Enset (false banana). Eucalyptus is often planted in boundaries (border) of the homestead and the cropland. Although tree planting inside the cropland is rare, farmers retain valuable tree species like Cordia africana and Albizia gummifera. In addition to these common species, a variety of tree species are retained and planted for fruit, shade, poles income, etc. The relative concentrations of trees in the homestead compared to cropland suggest that veillagisation and land redistribution have promoted a sense of insecurity. The type of farming practices also has a similar effect. The competitions between cash crop, particularly sugar cane, and tree crop for land is posing a constraint in the three PAs. In cereal producing Goto onoma PA, dry season and fallow grazing on cropland is especially destructive to seedlings and young trees. 

To propagate trees farmers have the necessary skill. More than 50% of the sampled households use natural regeneration direct seeding wildings, and cuttings. This indicates that to propagate trees, nurseries are not always needed. Similar to this finding, about 50%of the source of planting material is farmers themselves. One-fifth of the farmer are already engaged in farm nursery and the remainders are willing to establish their own nurseries, provided the necessary input is made available to them. This willingness makes a good entry point to further intensify farmers’ tree growing efforts.

Shortage of land and lack of preferred planting material were reported as problems to establish more trees on farms. Other factors, which could affect farmers’ decision to add more trees or maintaining, were considered. However, there was insufficient evidence to support the influence of the socio-economic position of the farmer, access to the forest, and the size of farm on the decision of retaining and planting. WG offers a good opportunity to improve farmers’ tree management practices. The sub-humid climate is ideal for growing a variety of trees. Moreover, there is a strong tradition of tree growing among farmers. If the stimulating role of forestry institutions in the study area is well tuned with farmers’ tradition of tree planting the resultant effect will be enormous
Lemlem Aregu and Fasil Demeke, 2004. Socio-economic survey of Arbaminch riverine and woodland forest

Paper presented to the Mekelle symposium on the rehabilitation of drylands forests 

The socio-economic survey carried out on Arba-Minch riverine and woodland forest in August 2003 using PRA(Participatory Rural Appraisal). In addition market and consumers were surveyed and assessments made in three markets and four institutions respectively. People who live around Arba –Minch natural forest identified about 32 and 23 tree and shrub species respectively together with their use, phenology, regeneration capacity anddegree of threats.     

It is recognised that there is irresponsible forest resource depletion in Arba-Minch riverine      forest. The forest is known to have contributed in keeping down the temperature of Arba-Minch town. Eyewitness and people living around Arba-Minch noticed that there is climatic change due to high rate of forest destruction of Arba-Minch riverine and woodland forest. The higher demand of fuel wood and construction materials inspired by the population growth and physical expansion of the town encourage many people to secure the supply of forest resources and engage in forest resource extraction of Arba-Minch reverine and wood-land forest. No work has been done to promote energy saving stoves and advocacy work on using alternative energy source and wise utilization of forest resources. This will directly or indirectly affect the life of thousands of people in the surrounding area. The town will face problem of potable water and suffer from high temperature. Even the daily income of many individuals from the forest diminish up at some point in the near future. Therefore, the current situation of Arba-Minch forest depletion calls for urgent efforts to design integrated approach for sustainable forest resource management and utilization with the participation of the community that could help to combat the situation

Performance evaluation of multipurpose trees

Tesfaye Abebe, 1994 Growth performance of some multipurpose trees and shrubs in the semi-arid areas of Southern Ethiopia 

Agroforestry systems 26: 237-248

Growth performances of some multipurpose trees and shrubs have been studied for five years at two locations in the semi-arid areas of southern Ethiopia. The best performance in terms of rates of survival and growth rates (height and diameter growth) has been attained by Acacia nilotica, A.Cyanophylla, A.seyal, Cassia siamea and Prosopis julifora. Given the ecological limitations of semi-arid areas, growth rates of these species is promising and this indicates that sustainable production system can be realized using proper agroforestry technologies in the semi-arid areas of Southern Ethiopia and similar area types elsewhere.

Getnet Assefa, 1998. Biomass yield, botanical fractions and quality of tagasaste, (Chamaecytisus palmensis) as affected by harvesting interval in the highlands of Ethiopia. 

Agroforestry Systems 42: 13-23

Tagasaste, a hardy leguminous shrub has potential for wide utilization in the highlands of East Africa. Establishment and productivity of tagasaste at two, three, four, and six months harvesting intervals were evaluated from the first to the forth years of age (1991/1992-1994/1995) in the highlands of Ethiopia. Biomass yield, botanical fractions (Leaf, Edible branch and stem) and quality were assessed. Annual biomass production was sustain ably grater for six months interval than for the more frequent harvests in a range of 4.7 to 10.2 t haeq \o(\s\up 6(-　),\s\do 2(　))

eq \o(\s\up 6(1　),\s\do 2(　)). Average biomass yield also increased, as the plant got older. Leaf proportion of the biomass yield consistently decreased from 71.7 to 45.3% and the stem increased from 0.4 to 25.5% as the harvesting interval was prolonged from two to six months, respectively. However, the longest harvesting intervals were still the most productive of leaf DM from the increased biomass yield. The average crude protein (CP) content and in vitro dry organic matter digestibility (DOMD) of leaf were not significantly affected by harvesting interval. They ranged from 18.0-21.2% and 65.3-70.5%, respectively. Allowing tagasaste to grow during the wet season for four to six months and harvesting during the early dry season could improve the yield of high quality herbage, fuel wood and increase persistence in the highlands of Ethiopia. Tagasaste could be the best browse tree for the highlands of East Africa. It could alleviate problems of feed shortage, soil degradation, low soil fertility through mulching and nitrogen fixing ability, and fuel wood scarcity, which are predominantly prevalent in these areas.
Mengistu S., D.Keftasa and A. Yami, 2002. Productivity of four Sesbania species on two soil types in Ethiopia

Agroforestry Systems 54:235-244. 

In Ethiopia, lack of quality forage in adequate quantities is a major constraint to livestock productivity. Fast growing N2 fixing Sesbania have shown great promise both as high quality fodder and green manure. The objective of this study was to evaluate and select among the species S. macrantha, S.rostrata, S.quadrata and S.sesban for fodder yield, quality and green manure potential. The field experiment was conducted on a light soil (loam, Alfisol) and a heavy soil (cracking type clay, Vertisol) at Debre Zeit (9eq \o(\s\up 6(0　),\s\do 2(　))N and 39eq \o(\s\up 6(0　),\s\do 2(　))E, 45 kms SE of Addis Ababa). There were two cutting treatments: cutting once at ground level or cutting twice at 50cm (first, 65 days after sowing; second, 40 days later). A two-factor factorial in randomised block design was used. S.macrantha performed better on the light soil producing the highest dry matter (DM) yields of leaf (2.8t/ha), stem (6.3 t/ha) and total nitrogen (151 kg/ha) in 105 days than the rest of the species. Most species performed poorly on the heavy soil. S.quadrata, however, showed better adaptability to the heavy soil (5.5t/ha DM) than any of the other species. The lowest DM yield was recorded for S.rostrat, which could be due to poor nodulation. Cutting twice over the 105 days growth period caused a drastic reduction in DM yield, but resulted in higher leaf-to-stem ratio and total N yield. The nutritional composition of all the species was with in an acceptable range for livestock requirements. N content (4%) and IVDMD (over 70%) were high S. macrantha had superior overall performance and seems promising both as high quality fodder and green manure crop. Under rain-fed conditions, cutting once was better than cutting twice particularly for S.macrantha.

Mebrate Mihretu, 1999. The combined effect of mixed planting and spacing on the growth performance of Cordia africana

EJNR 1 (2): 201-214

A factorial experiment that considered mixed planting and spacing of Cordia africana was established in the summer of 1987, at Aman,near the town of Mizan Teferi, in south-western Ethiopia. The objective of the experiment was to investigate means to improve the performance of C.africana. The experiment had four levels of species; Pinus patula, Cupressus lusitanica, Grevilla robusta and C.africana, and five levels of spacing; 1m, 1.5m, 2m, 2.5m and 3m. The results five years after establishment revealed significant differences among the species mix (P=0.001 level for height and P=0.01 for diameter and survival). Spacing was only significant at only one level (P=0.01) for survival. However, interaction between the two factors, species x spacing, was insignificant with all parameters. Mixed planting enhanced height growth and to a certain extent had positive effect on the improvement of the breast height diameter of C.africana compared to the control. This is probably a function of competing species for light energy and space that discouraged C.africana of the inherent characteristics of developing multileader shoot and crooked stem. The effect of mixed plantation was significant with C.lusitanica followed by P.patula, G.robusta and the control (pure stand of Cordia) was the least.

Kahsay Berhe and J.C.Tothill, 1995. Performance, feed quality and P response of Leucaena and Calliandra species grown as hedgerows on an acidic nitosol at Soddo, Ethiopia
Tropical Grasslands 29:1-8

Eleven accessions taken from Leucaena leucocephala, L.revolute, L.pallida, L.diversifolia and L.trichandra hybrids (leucaena), together with 3 accessions of Calliandra calothyrsus (calliandra), were evaluated on an acidic, nitosol in the tropical highland region of Soddo in southern Ethiopia for dry matter production, feed quality, soil fertility and responses to phosphorus fertilisation.

At the first harvest (11 months after transplanting), over all accessions and for individual accessions, plant height, spread, basal stem diameter and dry matter yield showed significant responses to the application of phosphorus (P). There was also a significant interaction between accessions and P treatments for most of these growth parameters. Two regrowth harvests showed a significant response in dry matter production of both leaf + soft stem and hard-stem fractions to the application of phosphorus (P).

L.leucocephala accessions had higher invitro dry matter digestibility (IVDMD) values than the other Leucaena spp. Two of the 3 C.calothyrsus accessions had significantly higher values for ash, NDF and ADF, lower IVDMD and slightly lower protein than all leucaena accessions. The clearly superior growth performance of the calliandras and the leucaenas, other than L.leucocephala, over that of cv. Peru (control), emphasises the need to evaluate their feed value in vivo and at the farm level. While already being used quite widely as a multi-purpose tree, calliandra has not been collected and researched much around the world as a forage species. There seems to be considerable scope for the selection of productive and useful lines of calliandra and L.diversifolia, L.pallida, L.revolute and some of their hybrids for the cooler tropical highlands, for acidic soils and for potential psyllid resistance.  

Kahsay Berhe, J.C. Tothil  and M.A. Mohamed Saleem,1999 Response of different Sesbania accessions to Phosphorus application and fodder quality of S.sesban under acid soil conditions
EJNR 1(1): 57-75

Eleven Sesbania sesban and. three S. goetzei accessions were evaluated for dry matter (DM) yield in response to phosphorus (P) application and fodder quality oh an acidic Nitisol at Soddo, in the Ethiopian highlands. The soil at this site is known to be P deficient and to have high ability to fix P. During the first harvest, six months after transplanting, all growth parameters (stem diameter, height and DM yield), showed a highly significant response to P application, except for spread. There were significant. (P <' 0.05) interactions between accessions and P-levels for all parameters. S.sesban accessions performed significantly higher (p < 0.05) than all the S.goetzei accessions in the experiment. ILCA accession 15019, (S.sesban) performed best of all accessions. The same was also true for the second harvest (seven months after the first harvest) during which the plants had more woody biomass than during the previous harvest. Some of the newly introduced S.sesban accessions out-yielded the control accession (ILCA 10865). On both harvests, performance of all S.goetzei accessions was very poor. Some differences between accessions of S.sesban were observed with respect to fodder qualities but were generally high and consistent with the expectations for leguminous fodders. Two years after transplanting, all accessions except ILCA 15019 and 13261 were dead, indicating that most of the accessions were not tolerant to soil acidity. Further evaluation of the two accessions on-farm in other similar areas may prove their adaptability and potential for use by the smallholder farmer. ​

Betre Alemu, Tekalign Mamo, Alemayehu Zemedie and Ebrahim Ahmed, 2000.  Promising multipurpose tree species and their response to land form on highland Vertisols at Chefe Donsa, central highlands of Ethiopia 

Proc. 5th ESSS conference, pp 145-155

In Ethiopia acute household energy and feed demands have caused severe environmental and socio-economic threats. Multipurpose tree species have considerable role in addressing such multifaceted demands in the mixed crop-livestock production systems. However, physical and chemical soil properties should be conducive enough for their adequate growth performance. The cracking, swelling and waterlogged nature of Vertisols, is one of the major constraints for successful establishment and growth performance of several tree species on this frequent soil type. Thus, 18 potential multipurpose tree species of Leucaena, Sesbania, Acacia, Erythrina species and/or their accessions were evaluated on Vertisols at Chefe Donsa for two years (1998-99) on flat and broad beds. Significant differences (P(0.05) were found in height, collar diameter and survival of the multipurpose tree species. In general, Sesbania species had significantly (p=0.05) higher survival and growth in height and collar diameter than the others. Further, Sesbania sesban accession that originated from north Ethiopia was found to be the best accession with significantly (P( 0.05) better survival and growth in collar diameter and height than the others. Despite that, use of broad beds significantly (P=0.05) improved the survival of most of the Leucaena species. This performance could enable some of the Leucaena species to be promising for long-period production. However, Sesbania species and/or accessions planted on flat seedbeds had significantly (P=0.05) lower collar diameter and height growth than those planted on broad beds. This could be due to drainage of excess moisture through furrows of the broad beds. This could have caused subsequent relative shortage of water for fast growing trees like Sesbania sesban accession that originated from northern homestead and other farmer’s plantation schemes on flat beds. In addition, in using broad beds for growing perennials like multipurpose tree species on Vertisols, its potential for conservation of moisture and the genetic response of the species and/or accessions to drainage should be critically considered. Accordingly, use of broad beds has a potential for successful establishment of Leucaena species at Chefe Donsa.   

Lemma Gizachew, Abubeker Hassen and Diriba Gelete, 1996. Adaptation and yield performances of herbaceous and multipurpose tree legumes in sub humid climates of western Ethiopia.

Proc. 4th ESAP conference, pp 187-195

The environmental adaptation, length of growing season and productivity of herbaceous and multipurpose tree (MPT) legume species at Bako were investigated during 1992-1995using a randomized complete block design with four replicates. Most of the herbaceous perennial legumes attained their peak dry matter (DM) yield in the second year of establishment and steadily declined thereafter. Sthylosanthes guianensis acc. (lLCA 4) and Desmodium intortum acc. (lLCA 104) were consistent and superior (P<0.011 DM producers. They also had a long growing season. Clitoria tematea, Rhynochosia minima, Macrotyloma axil/are and Zomia latifolia were the least (P < 0.0 11 DM yielders. Respective DM yields in 1992, 1993, 1994 and 1995 for S.guianensis and were 7.33, 11.53, 11.89, and 9.79 t/ha and for D. intortum 6.30,12.42,14.31 and 13.07 t/ha, respectively. C.tematea. Vigna unguiculata, Centrosema brasilianum and Neotonia weighti; were susceptible to leaf diseases common to the area. In 1993 and 1995 both accessions of Calliandra calothyrsus (lLCA 16310 and ILCA 14981) gave the highest (P<0.01) foliage DM yield but surpassed by Sesbania sesban (lLCA 10865) in 1994. In terms of wood and total biomass DM yield, S. sesban (lLCA 10865) was on top (P < 0.0 1) of all tested MPT accessions. Cajanus cajan and S.sesban took short time to flower but found to be more susceptible to termite attack under repeated cutting. The result of this study suggests that S.guianensis ILCA 4, D.intortum ILCA 104, C. calothyrsus ILCA 16310, and S.sesban ILCA 10865 are the most appropriate legume species for Bako and other areas with similar environment.
Tesfaye Abebe, ??. Early growth performance of Grevillea robusta in southern Ethiopia

Grevillea robusta in Agro forestry and Forestry Pp 11-115.  
Grevillea robusta and other multipurpose tree species were planted at five locations representative of different agro-ecological zones of southern Ethiopia. Growth rates of the different species were studied for 48-57 months. Best height and diameter growth of G. robusta (1.88 m year-1, 2.05 cm year-1) was attained in the semi-arid lowlands (1200 m elevation) while the lowest (0.62 m year-1, 0.69 cm year-1) was in the cool highlands (2450 m elevation). Survival rates of G. robusta have been greater than the overall average survival rates of the different species at all sites.

Diriba Geleti,Temesgen Diriba, Lemma Gizachew and Adane Hirpha, 2002. Multipurpose tree species for food, feed and wood: II Effect of plant spacing and cutting frequency on the productivity of Leucaena pallida 

Proc. 4th FoSE conference, pp78-85

An experiment with the objective of investigating the effect of plant density and cutting interval on the productivity of Leucaena pallida has been undertaken from 1996-1999 at the Bako Agricultural Research Center in sub humid climate of Western Ethiopia. The effect of two management factors on the performance of this tree species was studied in the experiment. The first factor was tree density and the second was interval between harvests. A tree population of 6,666, 8.888, 13,333 and 17,777 plants per hectare and a cutting interval of 6, 8, and 10 weeks were arranged in a split plot configuration with the former as the main plot and the latter as sub plot factor. Nursery raised seedlings were field transplanted in June 1996 cropping season. During the year of establishment, no harvest was taken so that the plants grow vigorously. Data on leaf, stem and total biomass dry matter (DM) yields were recorded starting from 1997 to 1999 for three years. The analysis of variance revealed highly significant (P < 0.01) effect of the interaction of plant density and cutting interval on DM yields of all the components during the 1997-cropping season. At all levels of cutting frequency, the highest leaf, stem and total biomass yields were recorded from the higher density treatment. In 1998, the interaction of the two factors was significant (P < 0.01) for leaf and total biomass. No significant effect of the interaction term of the two factors was observed (P < 0.05) for the stem component and thus the average effects of the two factors were considered separately during the 1998. Highest leaf and total biomass DM yields for 1998 were also obtained when higher stand density was used irrespective of the interval between harvests. Significantly (P < 0.01) highest stem yield was obtained when a plant population of 17,777 plants per hectare was used followed by the treatment where the stand population of 8,888 was used. Longer interval between cuttings favored the DM of stem. Significantly highest yield (P = 0.05) was achieved from the 8 and 10 weekly harvests. During the 1999, the effect of the interaction of the two factors was significant (P < 0.01) for leaf yield. For the other parameters no significant effect of the interaction term was observed. As was true during the previous two years, highest DM yield values were recorded from the higher density treatments at all levels of cutting interval. The effect of the interval between cuttings on total biomass DM yield for the 1999 was significant and higher values were recorded from the 6 weekly cutting. This was also true for the stem component for which significantly higher yields were obtained for the 6 weekly cuttings. This does not agree with the features that were observed during the previous years. In conclusion, employing higher density plantings and extended interval between harvests, though some inconsistencies across years were exhibited, can maximize leaf, stem and total biomass yields. So it is concluded that higher density plantings of 17,777 and interval between harvests of 8 or 10 weeks can be applied for maximizing forage and wood biomass yields of Leucaena pallida.

Abebe Yadessa, Diriba Bekere and Taye Bekele, 2000 Growth performance of different multipurpose tree and shrub species at Bako, Western Oromia 

Proc. 5th ESS conference, 177-186

A multipurpose tree and shrub (MPTS) screening experiment was conducted at Bako Agricultural Research Center, western Oromia for four consecutive years (1992/93-1995/96). The objective of the study was to assess the growth performance and adaptation of different tree and shrub species to the area depending on their early growth patterns and survival. This is a sort of matching the trees with Bako environment. In this experiment, 10 different multipurpose tree and shrub species (Markhamia lutea, Calliandra calothyrsus, Chamacytisus palmensis, Erythrina brucei, E.abyssinica, Acacia cynophila, A.mearnsii, Moringa olifera and A. melanxylon) were included, and compared by using randomized complete block design with two replications. Results showed that there was a significant difference in height growth (P(0.01), root collar diameter (P(0.05) and survival (P(0.05) between the different tree and shrub species at this particular area. This could be due to the environmental factors and inherent genetic potentials of the species, which generally govern tree growth. Of the trees tested, A.mearnsii performed better than the other species with respect to height growth (9.61m), followed by Calliandra calothyrsus (5.80) and A.melanoxylon (5.41). There was no significant difference between A.mearnsii (19.85cm) and C.calothyrsus (19.10 cm) regarding root collar diameter development, but both of them surpassed the others in girth growth. Of all species, Markhamia lutea, Albizia gummifera, Acacia mearnsii and Calliandra calothyrsus showed good survival rates with mean values of 98,94 and 74%, respectively. Comparatively lower survival rate of C.calothyrsus was due to browsing by wild animals. Based on the results of four-year data, the growth performance of these tree species is promising and hence they can be considered for further technology specific and on-farm agroforestry works around Bako.
Yigardu Mulatu, Getachew Alemu, and Kindu Mekonnen (unpublished). Growth Performance of multi-purpose tree species in eastern parts of the Amhara region

Compilation of 10 years research experience of the Sirinka ARC

Trees in the agricultural land, as form of traditional agroforestry practice, are the primary wood sources for most farmers in Ethiopia in many part of the country. The use of fast growing agroforestry trees is limited in the past ten years. 70 multipurpose tree and shrub species were tested for their adaptability and growth under different niches in Eastern Amhara for the past ten years. The result of the study indicated that Acacia polychanta (line 10589), Acacia nilotica, Acacia saligna, Sesbania geotzeii (line 14957and 15007), Sesbania gradndiflora, Sesbania sesban, Leucaena pallida (line 14190, 14189 and 1496), Leucaena diversfolia 11677, Casuarina equisetifolia, and Melia azedarach are superior in intermediate altitude areas. Acacia polychanta 10589, Acacia nilotica, Moringa stenipetala and Eucalyptus camaldulensis are found promising for the lowlands. Acacia saligna, Leucaena pallida, Sesbania geotzei, and Acacia seyal are found to be outstanding on gully conditions in intermediate altitude areas. Together with the aforementioned three species, Acacia nilotica, Cordial africana, Moringa stenopetala, Albizia lebbeck, Eucalyptus saligna, and Casuarina equisetifolia, performed well under stream eroded stony river beds.
Berhane Habte and Mebrate Mihretu, 1990. Comparison between growth rates of some 

indigenous and exotic tree species 

Proc. 2nd NRC conference, pp 194-199

Tree species trials have been established in a number of sites in Ethiopia since 1975,mainly emphasizing the introduction of fast-growing exotics, softwood and hardwood as well as multipurpose tree/shrub species. In this program, silviculture of indigenous species has also been included. The results of this study imply that the accelerating loss of natural forests and its consequences can be halted and eventually reversed by planting fast growing trees. Exotic tree species have shown faster growth rate, high yield per hectare, shorter rotation, and easy establishment and management. 'The study also revealed that seeds of indigenous trees germinate slowly and irregularly in both the laboratory and the nursery, while seeds of the exotic trees germinate rapidly and uniformly. The development in plantations of fast-growing exotic species in the Ethiopian highlands is quite imperative in order to enhance the natural forest protection and management and also to satisfy the wood requirement of the nation. 

Provenance and AEZ suitability studies

Tesfaye Hunde and Belachew Gizachew, 2003. Growth and form variations among seed sources of Acacia decurrens Wild. planted at Holeta, central Ethiopia. 

E J N R 5 (1): 155-164

Five seed sources of Acacia decurrens (four from Australia and a local collection) were established at Holetta, central Ethiopia, in a randomised complete block design. The objective was to examine growth and form characteristics to identify suitable seed sources for future afforestation and tree improvement programmes at Holetta and in areas of similar agro-ecology. Parameters measured at age 10 (years) were tree height, diameter at breast height over bark, survival, stem form, branch diameter, number of branches and number of forks. Results of the analysis based on plot means revealed that significant seed source related variations were evident for survival and tree height. Local seed sources demonstrated the highest average height (15.34 m) and survival (85.5%). However, differences among seed sources in all other parameters were not important. All the seed sources revealed comparable growth performances. Trees from local collection adapted better and survived the conditions at Holetta. It would thus seem that there is a possibility of incorporating A.decurrens in to fuel wood, construction wood, timber, agroforestry systems and tree improvement programs of the area following further studies for the suitability of the species to the respective uses and services.

Kahsay Berhe, Giulia Conchedda and Mohammad A.Jabbar, 2001. Areas suitable for five leguminous trees and shrubs in Ethiopia: a digital data based analysis. 

EJNR 3 (1): 77-97

Land degradation, low agricultural productivity and poverty are major problems in Ethiopia. The existing resources cannot support the growing human and livestock population. Currently, there is an increasing interest among researchers and development experts in leguminous multipurpose trees and shrubs because these species can address some of these problems. They can be used as a source of supplementary feed and forage for ruminant and non-ruminant livestock, green manure, mulch, soil conservation, bee forage, fuelwood, implement and others. The objective of this paper is to define areas suitable for five leguminous trees and shrubs (Calliandra calothyrsus, Sesbania sesban, Leucaena diversifolia, L.pallida and Chamaecytisus palmensis) that were evaluated and found to be promising in some parts of Ethiopia, to other parts of the country, using GIS as a tool. The digital data showed that a large part in the west and southwestern regions are suitable for C.calothyrsus. Most areas suitable for S.sesban and C.calothyrsus appear to overlap.L.pallida was found to be suitable to many parts in the country due to its relatively better drought tolerance.L.diversifolia, on the other hand, could be adapted to only a small area in the country. Large areas of the country extending from north to south and to some highland areas in the east are suitable for C.palmensis.Socioeconomic characteristics are, however, needed before recommending these leguminous trees and shrubs in to a farming system.  

Giulia Conchedda, Kahsay Berhe, and Mohammad A.Jabbar, 2001. A GIS analysis to target priority areas for adoption of five multipurpose tree species in Ethiopia, Kenya and Uganda 

Proc. Forage Conference, ILRI

The Multipurpose Tree (MPT) species can fit in to the farming systems of the East African region where low agricultural productivity, widespread land degradation and hence a diminishing capacity to support the growing human and livestock population are major problems. GIS has been used to develop a spatial representation of the likelihood of adoption of five MPT species (Calliandra Calothyrsus, Sesbania sesban, Leucaena diversifolia, L.pallida and Chamaecytisus palmensis) by combining digital layers of land cover, human and cattle population densities within their agro-ecologically suitable areas in Ethiopia, Kenya and Uganda.

Tesfaye Hunde, Belachew Gizachew, Dawit Mamushet, Mohammed Adilo and Demel Teketay, 2004. Growth and form variations of some provenances of Grevillea robusta A.cunn. planted at Wondo Genet, Southern Ethiopia. 

EJNR 6(1): 11-122

Seven provenances of Grevillea robusta brought from Australia including a local collection were examined for growth and form characteristics using randomised complete block design at Wendo Genet, southern Ethiopia. At the age of eight years, the following parameters were assessed: tree height, diameter at breast height over bark, survival, stem form, branch diameter, branch angle, number of branches, number of forks, and first fork height. Significant provenance variations were evident for tree height (P<0.01). The provenance from Grevillea (NSW = New South Wales) yielded the highest average height (16.27 m) followed by that of the provenance from Bottle Creek (15.49 m). Differences in the incidence of forking (P<0.05) and number of branches (P<0.00I) were significant as well. However, differences among provenances in stem form, diameter (DB :H), branch diameter, branch angle, and first fork height were insignificant. Owing to the superior growth performances and the magnitude of form characteristics attained from grevillea (NSW) provenance, it seems possible to incorporate such provenance in fuel wood and timber production as well as in tree improvement and future domestication programmes for use in agroforestry practices in Ethiopia.
Yigremachew Seyoum and Masresha Fetene, 2004. Seed source variation in drought tolerance of Cordia africana seedlings. 

Proc. Symposium on the rehabilitation of dryland forests in Ethiopia

Drought tolerance of Cordia africana seedlings from three distinct areas were studied to examine variations among provenances/seed sources/ under increasing water stress. The experiment was conducted in a greenhouse by exposing eight-month-old seedlings to three levels of water stress, i.e. at field capacity, 60% of field capacity and 25% of field capacity, for three months from December 2003 to February 2004. Seeds from Arjo, Dembi and Melka Oda, collected by the forestry Research Centre were used in the study. Water relation parameters/leaf water potential, relative water content, relative drought index etc.; growth parameters/above and below ground biomass, fine root, root to shoot ratio, diameter, height, leaf area, relative growth rate, specific leaf area, leaf area ratio and leaf weight ratio/; stomatal conductance and chlorophyll fluorescence were measured three times during the whole period of the experiment. Stomatal conductance and leaf area revealed significant variation among provenances under increasing water stress. Distinctions in relative drought indices were also detected among provenances. The main effect analysis of provenances illustrated significant variation in leaf area, collar diameter, root to shoot ratio, dry weight to turgid weight ratio and turgid weight to dry weight ratio. Increasing water stress resulted in significant variation in relative water content, leaf water potential and stomatal conductance, in which each provenance reacted differently. From this study, Arjo was noted to be fast growing provenance with less water conservation strategy indicating good performance in high rainfall areas while Dembi showed characteristics that indicate its suitability to sites with moderate precipitation and short-term drought prevalence. Melka Oda showed the best drought tolerance characteristics, which make it a good candidate to dry areas in which long-term moisture deficit is recurrent. Moreover, leaf area, stomatal conductance, relative water content, leaf water potential, relative drought indices, root to shoot ratio, specific leaf area, leaf weight ratio, dry weight biomass, diameter and height are recommended as selection parameters for breeding programs launched to improve drought tolerance of Cordia africana.

Trees for soil improvement (Soil fertility enhancement and swc)

Hailu T., Negash L., and M. Olsson, 2000. Millettia ferruginea from southern Ethiopia: Impacts on soil fertility and growth of maize 

Agroforestry Systems 48:9-24

Growing agricultural crops under Millettia ferruginea (Hochst.) Baker, a tree that is endemic to Ethiopia, is an age-old practice in the country, but the beneficial effects of the tree on crops have not been scientifically quantified. To achieve this, four isolated and nearly identical Millettia trees growing on similar site conditions were selected and canopy coverage of each tree was divided in to four radial transects. Four plots of 0.5x0.5m were established on each radial transect at 0.5 to 1,2.5 to 3, 4.5 to 5, and 6.5 to 7m away from the tree bases. The control plot was established at 29.5 to 30m. Composite soil samples from each of the four plots located at a comparable distance and at two soil depths, 0 to 10 and 20 to 30 cm, were collected and analysed. The level of surface soil P, organic C, exchangeable base-forming cations and cation exchange capacity were all significantly higher (P<0.000 to P<0.015) under the trees than in the open field. Nutrient levels declined with depth and increasing distances from the tree trunk. Soil PH values did not show significant horizontal or vertical variations in all the soil samples analysed. Maize plants grown on soils collected from underneath Millettia trees resulted in significantly better growth responses and higher dry matter yield as compared to the control (P<0.0001). Socio-economic studies indicated that Millettia trees have a good standing in the region both because of their desirable biological characteristics and because of their economic benefits.  

Yeshanew Ashagrie, Tekalign Mamo, and Mats Olsson, 1999. Changes in some soil chemical properties under scattered Croton macrostachyus trees in the traditional agroforestry system in north-western Ethiopia

EJNR 1 (2): 215-233

Changes in soil chemical properties under scattered Croton macrostachyus trees were studied in the traditional agroforestry system in northwestern Ethiopia. Two cultivated farmers’ fields were selected on the basis of their uniformity and possession of several Croton trees. In each field, three adjacent Croton trees having approximately the same size and age, and growing side by side were selected. Soil samples were taken from under the three trees at 50, 150, 300 and 800cm (control) away from the tree base at the depths of 0-15 and 15-30 cm in four directions. Mean soil Corg content was low at both sites. The contents of CEC (P(0.05), Mg++ (P(0.001) and Ca++ (P(0.01) were significantly influenced by distance at both soil depths.

Differences in Corg (P( 0.001) and Keq \o(\s\up 6(+　),\s\do 2(　))(P(0.001) contents were significant only in the topsoil. A decreasing trend was found for mean values of all parameters except nitrogen with increasing distance from the tree base at both depths. The decline in topsoil chemical properties was evident up to 300cm away from the tree base, indicating the potential influence area of the tree. According to this study, some nutrient-conserving mechanism has been postulated for this particular system against the high rates of organic matter decomposition, leaching and erosion losses. The living biomass of the system (i.e., the tree) acts as a buffer or a major storage for essential nutrients and releases them slowly to increase the nutrient efficiency of the system. However, in light of the findings of this study many of the above conclusions are subject to further verification.

Selamyihun Kidanu and Leo Stroosnider, 2004. Soil erosion and seasonal water use in Eucalyptus globulus based rotational agro forestry system on Ethiopia highland Vertisols 

Ag. Water Management (submitted), PhD thesis chapter 6: 165-184 (WUA)

During the early part of the growing season, most of the 8 million hectares of highland Vertisols in Ethiopia are left bare, as there are no crops well adapted to waterlogged conditions. It is thought that integration of fast growing trees to agricultural system may maximize the fraction of the rain water that is used for biomass production and mitigates soil, water and nutrients erosion problems associated with the traditional rainy season fallow practices. Three crops; chickpea (Cicer arietimum), tef (Eragrostis tef) and durum wheat (Triticum turgidum) grown in rotation as sole crop, or in an agroforestry system containing eucalyptus trees (Eucalyptus globulus) were evaluated. Trees were planted at stand densities of 625,833and 1225stems ha –1 on 20.4X14m erosion plots with 2% slope in July 2000. Crop rotations were: wheat-chickpea _tef (WCT,) chickpea –tef wheat (CTW) and tef-wheat –chickpea (TWC) for 3 consecutive year commencing July 2000. The tree densities and cropping sequences were arranged in split plot design with three replications. Runoff, soil loss, seasonal water use and soil profile water depletion were compared over the 3 years rotation period. 

Runoff and soil loss varied significantly among crop species in 2000 and among crop species and tree densities in the 2001and 2002 cropping seasons. Under sole chickpea produced significantly lower runoff and soil loss as compared to the two cereals. The soil loss from sole wheat and tef were comparable and ranged between 12 to 26 Mg ha-1y-1. Over the years, average runoff from sole crops was 22% 16% 10% of season’s rainfall in wheat, tef, and chickpea, respectively. In the agroforestry system the annual runoff declined to 7to 14% in 2001d and to less than 2.5% in the 2002 cropping season. Similarly, soil loss in the agro forestry system reduced to 0.5 Mg ha-1 irrespective of crop species in 2002. The seasonal water use in the agro forestry system was significantly higher than under sole cropping and increased with increasing tree densities. The water use in the agro forestry system is linked with runoff reduction and profile moisture extraction efficiency. Sole crops exploit 1m of the soil profile whereas the tree-crop mixture used soil water down to 2.5 m. Eucalyptus trees capture runoff and soil which would otherwise had been lost from sole cropping. This justifies their integration thereby compensating for the extra resource required for their growth. Water conserved due to tree intervention in agro forestry land and use is utilised to meet increased evapotranspiration demand, and hence ground water recharge in appreciable quantities is unlikely, particularly in dry years  

Selamyihun Kidanu, 2004. Nutrient removal and crop productivity in a Eucalyptus globules based rotational agroforestry system on seasonally waterlogged highland Vertisols of Ethiopia 

Nutrient Cycling in Agro ecosystems (submitted); 

PhD thesis chapter 9: 145-160, (WUA) 

Chickpea (Cicer arietinum), tef (Eragrostis tef) and durum wheat (Triticum turgidum) were grown in rotation as sole crop, or in an agroforestry system containing eucalyptus trees ( Eucalyptus globules). Trees were planted at 2.83 m X 2.83 m, 3.5 m and 4m x 4m spacing,which is equivalent to 1225, 833 and 625 stems ha eq \o(\s\up 6(–1),\s\do 2( ))in July 2000. Crop rotations were: wheat-chickpea-tef (WCT), chickpea-tef-wheat (CTW) and tef-wheat-chickpea (TWC) for 3 consecutive years commencing July 2000. The tree densities and cropping sequences were arranged in a split plot design with three replications. Crop productivity, tree biomass and total N and P removed in harvested crop and tree biomass were examined over the 3 years rotation.After 3 years eucalyptus trees at stand densities of 1225, 833 and 625 stems ha-1 had produced 5,3.6 and 2.7 Mg oven dry aboveground biomass per hectare with cumulative crop yield losses of 6 to 21%, respectively. In the agroforestry system cropping sequence significantly influences the system’s productivity. This indicates that the crop sequence affects resource use complementarity. Land equivalent ratios (LER) in the agroforestry system were significantly above unity and ranged between 1.21 to 1.69. LER values increased in the order of CTW>TWC>WCT across all three stand densities. IN the three years period, sole crops removed 3 to 4 times more N and 5 to 10 times P compared with three-year-old eucalyptus stands. However, provided that the leaf fraction, which accounted for 20% of the total tree biomass, is recycled back in to the soil system the total amount of N and P removed in the agroforestry system was not significantly different from sole cropping. The mean accumulation rates in the standing tree biomass ranged between 8 to 13 kg N and 1.5 to 2.5 kg P ha-1 with the tree densities from 625 to 1225 stems ha –1 respectively. Thus, the Eucalyptus globules based short (3 years) rotational agroforestry system with proper cropping sequence and tree density can increase short-term fuelwood supply without compromising crop productivity and N and P depletion in seasonally waterlogged highland Vertisols.

Yeshanew Ashagrie, Mats Olson and Tekalign Mamo, 1998. Contribution of Croton macrostachys to soil fertility in maize–based subsistence agriculture of Bure area, north western Ethiopia

Proc. 6th ESA maize conference,  pp 232-234

The contribution of Croton macrostachys to soil fertility was studied in the traditional agroforestry system of the Bure area in northwestern Ethiopia. Three adjacent Croton trees having approximately the same size and age were selected on a cultivated farm. Soil samples were taken under the three trees at 50,150,300 and 800 cm (control) away from the tree base to a depth of 0-15 and 15-30 cm in directions. Soil organic carbon (Corg) and total nitrogen (Ntot) concentrations were low at the site. Available phosphorus (Pav), cation exchange capacity (CEC), and exchangeable cations (Mg, Ca, K, Na), Corg and Ntot were significantly higher under the canopy relative to the control among distances. Significant differences were also observed between depths in Corg, Pav, and exchangeable cations (K, Ca, Mg, Na). A decreasing trend was observed for all parameters except N with increasing distance from the tree base at both soil depths. The decline was evident up to 300 cm from the tree base, indicating the potential area of influence of the tree.

Teklu Erkossa, Ebrahim Ahmed, Selamyihun Kidanu and Tekalegn Mamo, 1999. Erythrina brucei: A potential indigenous species for gulley stablisation on a Vertisol.

EJNR 1 (1): 77-85

An experiment was conducted at Ginchi watershed in 1995/96 cropping season to study the survival rate and use of E.brucei seedlings and cutting materials for gully stabilization. A split plot design, where two gullies with different slope gradient were in the main plots, and the seedlings and cutting materials of E.brucei were in sub- plots was employed. The sub-plots seedlings have shown a greater survival rate compared to the cutting materials; but this did not significantly affect sediment deposition, which was rather affected by the gully slope. The survival of both the seedlings and cutting materials were constrained by high rate of sediment deposition, insects and rodent attack as well as livestock grazing.

Abebe Yadessa, Fisseha Itanna and Mats Olsson, 2001. Contribution of indigenous trees to soil properties: the case of scattered trees of Cordia africana Lam. in croplands of western Oromia. 

EJNR 3 (2): 245-270

A field study on scattered Cordia africana Lam.trees commonly growing on farmers’ maize fields was conducted at Bako in western Oromia, Ethiopia. The objective was to evaluate the contribution of this valuable indigenous tree species to soil properties in croplands. Soil samples taken at different distances (0.5, 2 and 4m) under the tree canopy and at two depths (0-10 and 30-40 cm) were compared with samples taken from the adjacent open areas (15 m distance from the trunk). Results revealed that scattered Cordia trees significantly improved the overall properties of the soil under their canopies compared to that of the adjacent open areas, except for texture and C/N ratio. All soil parameters were significantly higher in the topsoil than in the subsoil except for pH. The horizontal effect of trees with increasing distance from the tree on soil texture is minimal, the effect being more of vertical (across depth). Surface soil layers were relatively coarser with significantly lower clay content compared to the subsoil. Soil pH under the tree canopy was higher than its nearby open area by 0.25 units, 5.93 in the former and 5.68 in the latter. This apparent soil improvement together with a multitude of additional benefits accrued from Cordia trees makes integration of this indigenous species a promising option for sustainable agriculture. Therefore, their integration in to the farming system has to be encouraged. In light of this finding, other priority research areas are suggested.

Azene Bekele, 1990. Potentials of agro forestry for erosion control in Ethiopia

Proc.2nd NRC conference, pp 186-193

Introducing soil conservation measures and effective landuse systems that can encourage farmers’ willing involvement is essential; one such landuse system is agroforestry. The attractiveness of the agroforestry approach to soil conservation lies in the potential role of trees and shrubs in the upper story and the nonwoody components underneath them. However, it has become clear that the science of agroforestry is so young and its variability so great that little research work is available on the potential of agroforestry to control erosion. The choice of any conservation practice and its effec​tiveness depend on the capacity of the practice to prevent slow land deterioration. The potentials of agroforestry for erosion control need to be evaluated in terms of capability to deal with the variables, such as rainfall and wind, that cause soil loss. An approach of evaluating this situation through equations is the sole emphasis of this paper.

The solution to erosion control in Ethiopia is much more than devising effective conservation measures. So far, many effective soil conservation techniques have been attempted; but the rate of soil erosion in the country is still alarmingly high. One reason for these ineffective efforts may be that inefficient practice of conservation by the demonstrators has failed to convince the farmers. As a result, the farmers have not taken conservation measures to heart and have not involved themselves in the conservation effort. If the farmers arc to contribute the required inputs, the practice needs to be highly advantageous, culturally compatible, and economically afford​able. This is why the role of agroforcstry for erosion control has to be examined both for its technical fitness and for its social acceptability.

Land rehabilitation through tree planting

Gregory S.Amacher, Lire Ersado, William F.Hyde and Amy Osorio, 2004. Tree planting in Tigray, Ethiopia: the importance of human disease and water micro dams 

Agroforestry Systems 60:211-225

We examine the decision to plant trees and level of tree planting for two sites, public micro dam areas and household agricultural land, and two species groups in Tigray, Ethiopia. Both sites are not perfect substitutes, as they vary with respect to distance from the household and tenure security. The role of permanent pooled water irrigation micro dams to tree planting is important but unknown, because water borne diseases, which may influence household income and productivity, are thought to be enhanced by the dams. We find both disease and micro dams to be important predictors to tree planting. Disease seems more important in determining whether households plant at all, and less important in the level of planting for those that do plant. For example, disease increases the probability of planting both eucalyptus and other species groups on household-own land, but households suffering from malaria plant higher-cost eucalyptus trees with lower probability at both sites, while planting of other lower-cost species increases at dam sites where other villagers can monitor the trees. We also establish a connection between planting and agricultural residues, finding a strong substitution effect on own-land. Micro dam access and age are also important. Households living nearer to dam sites will plant both species groups there with higher probabilities, but the decision to plant on agricultural own-land is not affected. For older dams with more developed irrigation, households are more likely to grow crops rather than plant trees on their own land, but they plant more trees at the dam sites. 

Betre Alemu, Mesfin Abebe and Ebrahim Ahmed, 2000. The rehabilitation prospects of Hora-Arsedi catchment with microbasins and Cordia Africana (Lam.) in Debre Zeit, Ethiopia. 

Proc.5th ESSS conference, pp 167-176.

Hora-Arsedi Lake Catchment, in the town of Debre Zeit, has faced severe degradation due to irrational exploitation of the natural vegetation. This has subsequently caused runoff, siltation and displacement of the lake. Methodologies for rehabilitation of the degraded area are being looked into with the participation of concerned stakeholders. Therefore, microbasins where the soils are shallow and with low moisture holding capacity, were tested for successful rehabilitation. Thus, Cordia africana seedlings were planted using soil and stone micro basins as main plots and 5, 15 and 30% slope as sub​plots. The trial was conducted in three replications during the 1999 season. The control was normal planting with a 30 cm width hole prepared without any physical soil and water conservation structure. For all the treatments, the planting depth was 30 cm. The results revealed within one growing season that stone and soil microbasins enabled the accumulation of significantly higher (P(0.05) 1.82 cm and 1.58 cm high soil silt, respectively, than average loss of 0.37 cm deep soil using the control. Although stone and soil microbasins did not significantly improve the diameter and height growth during one season, they significantly (P(0.05) improved seedling survival with 25 and 12.5%, respectively. Height and diameter growth of seedlings, however, significantly decreased with increasing slope irrespective of microbasins used, which is due to the corresponding decrease in soil depth. Soil moisture content at 5 cm depth one month after the end of the rains, i.e. end of November was significantly higher (P(0.05) in soil micro basins than that of the stone and the control. Hence, microbasins are vital for soil and water conservation and good performance of indigenous tree seedlings in the rehabilitation of degraded catchments of Hora-Arsedi Lake Catchment. Thus, further studies regarding promising species, effective dimension and types of microbasins, and subsequent environmental and socio-economic applications need to be conducted with the participation of concerned stakeholders.

Badege Bishaw and Holm Uibrig, 1989. Management of community woodlots in Harerge highlands, eastern Ethiopia.

Proc. 1st NRC conference, pp 178-186.

The aim of this paper is to present the community forestry activities undertaken by the Faculty of Forestry at AUA, with a case study in the Legeambo Farmers' Producers Cooperative in Harerge high​lands. An afforestation program was initiat​ed and conducted since 1979/80 in Lege​ambo with the objective of producing fuel wood and construction poles. More​over, it was also intended to serve in soil conservation, shelterbelts, and windbreaks. Based on the objectives of afforesta​tion and the demands of the farmers the following tree species were selected: Acacia cynophylla Lindl Casuarina eq​uisetifolia, Cupressus arizonia Greene, Eucalyptus camaldulensis Dehn, Eucaly​ptus globulus Labill, Eucalyptus saligna SM, and Grevillea robusta A. Cunn.

A survival study in the test plots seven months after the initial field planting showed a relatively good sur​vival rate as compared to the general practice. In this study C. arizonia and G. robusta showed a higher survival rate than the other species. In 1987 a management plan for the woodlots has been prepared. The ter​restrial inventory includes survey of reference area, site characterization, and stand inventory. Based on this in​formation, a medium-term forest manage​ment plan was prepared for the cooperat​ive. The management plant
elaborates future afforestation and replanting, cultivation and weeding of newly esta​blished woodlots, and pruning and thinning of young stands. Moreover, it gives recommendations on the final felling and on the needs for estimating yield and it's evaluating monetary.

The management plan was explained and discussed with representatives of the cooperative. The representatives have started to follow up their own short-term decisions in silvicultural treat​ments and final feeling. The active participation of farmers in the afforestation work, their decis​ion-making on future afforestation and management plan preparation, training them on forestry techniques and the trustworthy advice of professionals in forestry have made a great contribution to for the success of community forestry in the cooperative.

The methodology applied and experi​ence gained on community forestry devel​opment and soil conservation work at Legeambo Farmers' Producers Cooperative has been found successful and fruitful. Therefore, it is recommended that such a work should be extended to other parts of the country to ensure community forestry development in Ethiopia. The Faculty of Forestry at AUA will continua to advise farmers in the fur​ther upgrading of management plan and make use of it as a demonstration and teaching site. 

Berhanu Gebremedhin, John Pender, Girmay Tesfay, 2002. Community natural resource management in the Highlands of Ethiopia

Proc. international conference on Policies for Sustainable Land Management 

Common property resources are important sources of timber, fuelwood, and grazing land in developing countries. When community members have unrestricted access to the resource, or when use regulations are ineffective, these resources are exploited on a first-come, first-served basis. Each individual; user of the resource will tend to continue to utilise the resource until her average revenue is equal to the marginal cost of utilising the resource (Gordon, 1954). This leads to overexploitation of the resource and the dissipation of the scarcity rent. 

Several alternative solutions have been proposed to solve this problem including privatisation, imposition and enforcement of use rules by external forces such as the government, or state ownership of the resource (Wade, 1986). The transaction cost of enforcing use rules imposed on the community by an external force is likely to be prohibitively high due to the high incentives of individual users to shirk or the community members to collude against the use rules. Privatisation is not always superior to community resource management since poverty, dependence on the natural resources and accompanying uncertainties may make common property a more rational solution to problems of recourse management (Runge, 1992). McCarthy et al. (2001) also argue that private property of communal rangelands will become optimal only when collective action is so poor that it becomes welfare improving to appropriate land individually.

In the presence of collective action, institutional and organisational development, and the development of infrastructure, population pressure is more likely to have a positive impact on natural resources than in the absence of these developments (Pender, 1999). The success of public polices to improve natural resource management depends to a large extent on the presence and effectiveness of local level institutions and organisations to enforce them (Rasmussen and Mizzen-Dick, 1995).  

Hence. The solution to the problem of resource degradation in developing countries depends not only on appropriate technologies and efficient market prices but also on local level institutions of resource management and the organisations to enforce them (Bland and plateau, 1996; Rasmussen and Meinzen-Dick, 1995) community resource management institutions and organisations (collective action) are now receiving greater attention as a viable alternative to regulation by the state or regulation by the state or privatisation as a means of rectifying inefficiencies caused by attenuated property right systems, externalities, and other market failures. 

However, devolving rights to local communities to help build institutions for common property management may not be a sufficient condition for sustainable use of such resources. Effectiveness in internal governance is needed for the effective application of community rules (Swallow and Bromley, 1995; Turner et al., 1994). Hence, the need to identify factors that facilitate or hinder the development and effectiveness of local level institutions and organizations for natural resource management becomes important.

In Ethiopia, rural communities depend primarily on common property resources for irrigation water, construction material, fuelwood and grazing land. Population pressure, market and government failures, and the absence or ineffectiveness of use regulations of common property resources has resulted in severe degradation of the resources. Perhaps as a result, Ethiopia has been identified as the country with the most environmental problems in the Sahel belt (Hurni, 1985).

This paper attempts to provide evidence on the determinants of collective action for community woodlot and communal grazing land management in the highlands of northern Ethiopia. The paper has two interrelated objectives. First, using analysis of descriptive information, it evaluates the nature of community woodlot and grazing land management. Second, it analyses, using multivariate econometric methods, the determinants of collective action and its effectiveness in managing woodlots and grazing lands.

Tree-crop interaction and competition studies

Yigardu Mulatu, Abraham Abiyu, and Yared Assefa, 2004. Effect of different inter-and intra-row spacing and cutting heights Leucaena pallida in alley cropping on the yield of sorghum. 
EJNR 6 (1):141-152
One of the challenges facing the tropical and subtropical nations is deforestation and concurrent subsequent degradation of agricultural lands. Alley cropping is one of the options to be used in such circumstances. But in crop production under alley cropping, the optimum hedgerow management techniques to be used under the different climatic and soil conditions are important variables that need prior investigation. For this reason, research has been conducted in Sirinka, north-east, Ethiopia, for five years since 1997. The tree species Leucaena pallida and the crop species Sorghum bicolorr-Gambella 1107 were used. The three hedgerow management techniques considered were inter-hedgerow spacing (4.5, 6, 9 m), intra-hedge row spacing (25, 50, 100 cm) and cutting height (50, 75, 100 cm). The plot size was 18 m * 3 m; hedges were established in east-west direction. Leaf biomass was added to the soil in early July (2-3 weeks before sowing) as green manure and in every October (that time sorghum flowers and leucaena starts crown competition with sorghum and available soil moisture gets highly minimized) as mulch. From the overall-year combined analysis, 4.5 m * 50 cm * 50 cm, 6 m * 25 cm * 75 cm, 6 m * 50 cm * 100 cm and 6 m*25 cm*50 cm inter-row*intra-row*cutting height interaction plots gave 28.4, 26.5, 25 and 25.8% higher grain yield than the control (1775 kg/ha) and 41, 33.4, 64 and 36% higher stover yield increment than the control (6414 kg/ha), respectively. In woody biomass yield, these plots gave 1264, 2104, 2034, and 1539 kg/ha woody biomass, respectively while the control plot has no wood production at all. Therefore, farmers and development actors are advised to use these factor interactions in crop production under alley cropping.

Lisanework and Michelsen, 1992. Allelopathy in agro forestry systems: the effects of leaf extracts of Cupressus lusitanica and three Eucalyptus spp. on four Ethiopian crops

Agroforestry Systems 21:63-74

The potential allelopathic effect of Cupressus lusitanica, Eucalyptus globulus, E. camaldulensis and E. saligna on seed germination, radicle and seedling growth was investi​gated with four crops: Cicer arietinum (chickpea), Zea mays (maize), Pisum sativum (pea) and Eragrostis tef (teff). Aqueous leaf extracts of all the tree species significantly reduced both germination and radicle growth of the majority of the crops mostly starting from concentra​tions of 1% or 2.5%. The shoot and root dry weight increase of the crops was significantly reduced after 10 weeks treatment with leaf extracts. Among the four crops, chickpea and teff were most susceptible with respect to germination, and teff with respect to growth. From the overall data the leaf extracts of the four tree species can be arranged according to increasing allelopathic potential: C. lusitanica, E. globulus, E. saligna and E. camaldulensis. It is suggested that the planting of E. camaldulensis and E. saligna in integrated land use systems should be minimized, whereas the use of C. lusitanica and E. globulus seems less environ​mentally damaging in this respect. 

Selamyihun Kidanu and Leo Stroosnijder, 2004. Allelopathic potential of Eucalyptus globules in a tree-crop production system on highland Vertisols in Ethiopia. 

Agroforestry systems (submitted); PhD thesis (chapter 6:91-108), WUA 

Rapid expansion of eucalyptus in an integrated land use system in the Ethiopian highlands has been a subject of concern, particularly at policy and planning level. Apart from its competitive effects on water and nutrients eucalyptus is alleged to reduce the productivity of adjoining crops through the release of toxic chemical substances. In the current study the allelopathic potential of Eucalyptus globules boundary plantings was investigated with three crops: chickpea (Cicer arietinum), in rotation with tef (Eragrostis tef) and durum wheat (Triticum turgidum) under laboratory and field conditions. In the field the annual litter fall production pattern of eucalypt boundaries and its potential allelopathic effect was examined. In a separate field experiment the allelopathic potential and crop response to eucalyptus litter application were investigated. In a laboratory litter extract bioassay, microbial activity and tef root growth on soil-litter mixtures were examined in a long-term aerobic incubation study. 

Litter fall over the first 10 m from the tree lines is on the average 233 kg haeq \o(\s\up 6(-　),\s\do 2(　))

eq \o(\s\up 6(1　),\s\do 2(　)) yeq \o(\s\up 6(-　),\s\do 2(　))

eq \o(\s\up 6(1　),\s\do 2(　)). Six dry months (October to March) accounts for 75% of the total annual litter fall while the wet season (June to September) contributes less than 8%. Mineral concentrations of the litter fall were low because nutrient withdrawal might have occurred before the litter fall. Soil bioassay studies with three test crops revealed that bioactive compounds from decomposing litter fall did not accumulate in sufficient concentration under the tree canopy to affect seed germination and root growth. However litter extract with 5% concentration significantly inhibited germination and root growth of the test crops. Among the three crops, tef was the most susceptible with regard to germination and root growth. In the long-term aerobic incubation study, tef root growth on soil litter mixtures was significantly affected by water potential at incubation, litter addition dose and incubation period. When soil-litter mixtures were incubated at a water potential of –0.033 Mpa for more than 8 weeks litter addition dose had no effect on tef root growth. This period increased to 12 weeks when soil-litter mixtures were incubated at a water potential of  -0.066 Mpa. In contrast when the litter amended soils were incubated at a water potential of –0.5 Mpa tef root growth decreased significantly with increasing dose of litter addition throughout the experimental period. Cumulative Co2-C respired increased with increasing dose of litter addition and water potential at incubation, which indicates that litter application enhanced microbial activity in the soil. Under field condition the inhibitory effect of litter, which persisted for 3 to 4 months after incorporation closely followed the seasonal soil moisture recharge. Nevertheless the grain yield of tef planted after 4 months of litter incorporation was declined by 32-65% in N unfertilised plots. No or minor effects were observed at N fertilized plots. The yield reduction is thus largely ascribed to nutrient immobilization due to the poor quality of the litter rather than to inhibitory effects. 

Selamyihun Kidanu, Tekalign Mamo and Leo Stroosnijder, 2004. Eucalyptus-wheat interaction on Ethiopian Nitosols. 

Agricultural Systems (submitted); PhD thesis Chapter 8: 127-142; WUA

Over the past few years a single row of Eucalyptus globules trees planted along the borders of cropland has come to dominate central highland agroforestry practices. Although evidence is scanty, there is a perception that this practice adversely affects crop productivity. An on-farm trial was therefore conducted at Ginchi to determine the biomass production potential of eucalyptus boundaries and their effect on productivity of the adjacent wheat crop (Triticum aestivum) on highland Nitosols. Three rotation cycles of four years each, two stand ages within each rotation; four field aspects and six yield strata perpendiculars to the tree-crop interface were arranged in a split-split plot design with three replications. The annual wood production rate, which was 345 kg ha-1 y-1 to 903 kg ha-1 y-1 with two-and four –year old stands in the first cycle, was increased more than two fold in the subsequent two rotation cycles. With these productivities, eucalypt boundaries on a hectare of land in the second and third cycle would satisfy about 70% of annual biomass energy requirement of a rural household with a family size of five for four consecutive years. However, adjacent wheat yields were substantially reduced because of the combined effects of water, light and nutrient competition. In the last two rotation cycles, significant yield depressions occurred over the first 16m from the line of trees as opposed to only the first 8m in the first and last two rotation cycles, respectively. Nevertheless, the benefit accrued from the tree component adequately compensated for this reduction in wheat yield and generated additional income. The implications of these results are discussed in the context of the suitability of the practice in the region and its role in relieving the increasing pressure on indigenous forest and woodland.

Selamyihun Kidanu, Tekalign Mamo and Leo Stroosnijder. 2004. Biomass production of Eucalyptus boundary plantations and their effect on crop productivity on Ethiopian highland Vertisols. 

Agroforestry Systems (accepted); PhD thesis chapter 7 (111-124); WUA. 

In recent years, Eucalyptus globules planted along field boundaries has come to dominate the central highland landscape of Ethiopia. Although evidence is scanty, there is a perception that this practice adversely affects crop productivity. An on farm trial was conducted on Pellic Vertisol at Ginchi to determine the production potential of eucalypt boundaries and their effect on the productivity of adjacent crops of teff (Eragrostis tef) and wheat (Triticium sp.). The experiment comprised three stand ages, four field aspects and six distances from the tree-crop interface, using a split-split plot design with three replicates. Wood production rates ranged between 168 kg ha eq \o(\s\up 6(–1),\s\do 2( ))yeq \o(\s\up 6(-　),\s\do 2(　))

eq \o(\s\up 6(1　),\s\do 2(　)) (four years old) and 2901 kg haeq \o(\s\up 6(-1),\s\do 2( ))yeq \o(\s\up 6(-1),\s\do 2( ))(twelve years). Thus eucalypt boundaries planted on a hectare of land would satisfy 50 to 75% of the annual biomass energy requirement of a rural household of five persons. Significant depression of tef and wheat yields occurred over the first 12m from the tree line: the reduction was 20 to 73% for tef and 20 to 51% for wheat, equivalent to yield losses of 4.4 to 26% and 4.5 to 10% per hectare respectively. Nevertheless, in financial terms, the tree component adequately compensated for crop yield reduction and even generated additional income. Therefore, eucalypt boundaries have great potential to satisfy the rising demand for wood, without requiring a major change in land use on the highland Vertisols. The greater availability of wood will reduce the demand for dung and crop residues for fuel, and thus may contribute to improved soil management on croplands wile relieving the increasing pressure on indigenous forest and woodlands.

J.anthofer, J.Hanson and S.C.Jutzi, 1998. Wheat growth as influenced by application of agroforestry-tree prunings in Ethiopian highlands. 

Agroforestry Systems 40 (1): 1-18 

The response of wheat (Triticum aestivum ov.’Enkoy’) to application of leaf prunings of nine agroforestry-tree species was investigated in a field trial and a six-week pot trial. The tree species were Grevillea robusta, Erythrina abyssinica , Giricdia sepium, Aibizia chimpe-riana, Acacia nilotica, Acacia polyacntha, Leucaena leucocephala, Leucaena pllida and Entada abyssinica, L.leucocephala, L.pallida, G.sepium and Entada abyssinica proved to be good pruning sources in the pot trial. G.robusta, A.polyacantha, A.nilotica and E.abyssinica had adverse effects on wheat seedlings with increased pruning loads probably due to immobilization processes or allelopathic effects. N and lignin content, C/N ratio, lignin N ratio, phenolics/N ratio and (phenolics + lignin) /N ratio of the pruning material were all significantly correlated with shoot dry matter production of the wheat seedlings. With the exception of Entada abyssinica, which performed well under field conditions, a similar ranking as in the pot trial was established in the field experiment, but at harvest differences were not as pronounced as in the pot trial. Gliricidia treated wheat produced by far the highest grain yield with 248g/meq \o(\s\up 6(2　),\s\do 2(　))
Masresha Fetene and Solomon Habtemariam, 1995. Investigation on allelopathic properties of coffee (Coffea arabica L.) leaves, pulp and tree-canopy soil 

SINET: An Ethiopian Journal of Science, 18 (1): 51-65 

The presence and intensity of allelopathic properties in coffee (Coffea arabica L.) leaves, pulp and under-canopy soil was investigated using aqueous extracts of the same on germination and radicle growth of lettuce (Lactuca sativa L.) and on the growth of barley (Hordium vulgare L.).Germination of lettuce was inhibited by both coffee leaf and pulp extracts. The degree of inhibition ranged from about 10% over the control for the lowest concentration (0.5%) to 100% inhibition for the highest concentration (20%). Only 10 to 20% of the inhibitions by the highest extract concentration cold be attributed to osmotic effects of the extracts. In both seed germination and radicle elongation, more inhibition was observed for leaf extracts than for pulp extracts of similar concentration. Growth of barley was significantly reduced by pulp extracts, and the reduction in shoot growth was more pronounced than that of root growth. Effect of canopy soil extract on germination and radicle elongation of lettuce decreased with distance of sample from the tree trunk within the canopy. These results indicated the accumulation of allelopathic substances within under-canopy soils of coffee trees. Implications of the findings for the management of coffee trees in agroforestry systems are discussed. 

Demel Teketay and Assefa Tegineh, 1987-2000. Shade trees of coffee in Harerge, eastern Ethiopia. 

International Tree Crops Journal, 7: 17-27 

Seven coffee (C. arabica) producing provinces (awrajas) in the Harerge administrative region were surveyed to identify shade trees used by farmers in coffee plantations. Fourteen permanent shade species and three temporary shade species were recorded. They represented seven families of flowering plants, with 69% of the species belonging to two families: Fabaceae (Leguminosae) and Moraceae. A new record of a leguminous tree is reported for the region. The habitat/ecology, means of propagation, uses and geographical distribution of the species 'are presented. Recommendations for future studies are made. 

Mitiku Haile, Abdu Abdulkadir, 1994. Potential and limitations of alley farming in a sorghum-chat based cropping system in Hararghe highlands-Eastern Ethiopia. 

Proc. 6th CSSE, 80-86 

Evaluation of multipurpose tree species demonstrated, the biophysical potential for alley cropping. Increases in soil fertility due to incorporation of prunings, lowered soil erosion, and conservation of moisture were observed. Traditional attitudes are to deliberately leave trees in croplands, the abundance and density of which depends on agro-ecology, slope of land and type of trees. Catha edulis a stimulant shrub is planted as hedges and sorghum is alleyed. The system enhances nutrient recycling, but money generated from the sale of the stimulant limits the potential competition of multipurpose tree species in suitable lands for cultivation of Chat. 

Dechasa Jiru, 1998. Comparative crop yield assessment in traditional tree intercrop farming system. 

Proc. 7th CSSE,pp 94-105 

In central part of the upper rift valley plains, three sites with maize, sorghum and wheat/tef based farms were selected at Welinchiti, Buta Jira and Mojo, respectively. Each farming system has a major agroforestry interventions. The major tree inter-crop is Faidherbia albida with a density varying from about 10-100 trees per ha. The branches are pollarded to reduce shading effect on main crop. Yield assessment in the vicinity of a single tree in two directions (shaded and non shaded) was made at two meter intervals on the area of 4 meters square from the centre of the tree to up to 15 meters distance. In all observations yield increases as the distance from the tree decreases. The response was higher for bigger stalk crops like sorghum and maize, while it was small for small crops like tef and wheat. Yield being a function of major factors like root depth and spread, leaf area, actual length of growing period and above ground height for each crop were relatively considered and compared qualitatively. The yield increase under the tree compared to 15 meters away was 101,67,40, and 12 percent for sorghum, maize, wheat and tef respectively. Thus, the yield increase has direct correlation with crop size. Yield increase was assumed to be because of the trees capacity to fix nitrogen and in nutrient recycling as it shades its leaves at the on-set of rainy season. 

Habtamu Admassu, M.S.Reddy, Teshale Alemu and Jibril Mohammed, 1995. Maize based cropping systems for sustainable agriculture in semi-arid areas of Ethiopia. 

Proc.1st Agronomy and Crop Physiology conference, pp 74-82. 

In peasant subsistence agriculture use of appropriate cropping systems enable the farmers to use natural resources efficiently. Lack of appropriate cropping systems to suit maize production was identified as one of the major production constraints in the semi-arid areas of Ethiopia. To alleviate this problem the possibility of intercropping, relay cropping or alley cropping of maize with efficient legumes, and development of appropriate crop rotation system for improved maize production in the dry areas of Ethiopia was explored. 

In a long-term crop rotation trial carried out to develop promising crop rotation systems for improved maize production, 2 maize/1 bean intercrop and maize/Sesbania sesban alley cropping systems was evaluated along with maize-maize,tef-maize, and bean-maize crop rotation systems 446kg/ha additional maize yield was recorded by rotating maize after beans. Alley cropping maize/S.sesban and incorporating the S.sesban increased maize yield by one ton per hectare and also improved the soil nutrient status. The results indicated the benefits of crop rotation system with legumes such as bean followed by maize, and maize/S.sesban followed by maize/S.sesban alley cropping and maize/bean intercrop followed by maize rotation for improved productivity and soil fertility. 

Alley cropping of maize with perennial leguminous shrubs (Sesbania, Cajanus and Leucaena) while giving maize grain yield similar to sole maize yield produced additional biomass of 2 to 3 tons/ha perennial leguminous shrubs which could be used as animal feed, or mulch or green manure. The results indicated that in addition to improving the total biological productivity, the improved maize based cropping systems enable the development of sustainable agricultural systems through improved soil fertility maintenance, reduced weed incidence and risk aversion which are critical issues for semi-arid areas of Ethiopia. The future strategy is to disseminate these improved cropping systems in operational pilot scale project using farmers participatory approach of technology transfer in collaboration with Farming Systems Economists and Research and Extension Program.

Abebe Yadessa and Diriba Bekere, 2002. Influence of scattered Cordia africana trees on maize yield in western Oromia, Ethiopia. 

Proc. 4th FSE conference, pp 91-98

A study on scattered Cordia africana Lam. trees was conducted around Bako, western Oromia, Ethiopia. The objective of the study was to assess the influence of scattered C. africana trees on the growth and yield of maize, and get baseline information for the implications to introduce more and/or maintain the existing Cordia trees in cropland agro-ecosystem which serve as one means of conserving this endangered tree species. Eight individual scattered C. africana trees (four pollarded and four unpollarded) were selected for the study. For each tree, data on tree height, diameter and crown spread were recorded, and they were used as covariates to represent variation that has not been controlled. Data on height and grain yield of maize were collected from a quadrant of 2m2 placed at different distances (3, 6, 9, 12 and 15 m) and four directions (north, south, east and west) and analyzed using SPSS statistical software. Results showed that maize height and grain yield were not significantly affected by direction, but they were significantly affected by distance (p ( 0.001). Maize grain yield was also not significantly influenced by tree management (pollarding). But the interaction between pollarding and direction was significant (p ( 0.000). The impact of Cordia trees on maize yield was noticed up to 3 m distance and there was little, if any, impact up to 6 m and almost no impact at 9 and 12 m distances, but this was not noticed on grain size. There was differential response of direction to tree management on maize yield; pollarding branches seriously affected maize yield on the western side, whereas not pollarding highly favored maize yield on the same direction. Maize grain yield was lower under the tree canopy as compared to the adjacent open area, even though a previous study on horizontal soil gradient showed that some soil chemical properties were higher under the tree canopy than in the open area. This finding indicates that the problem may be more related to light than soil nutrient, suggesting the need for systematically pollarding C. africana branches to reduce shading on the crop especially on the eastern orientation and increase the litter fall that could possibly add nutrients to the soil. 

Diriba Geleti, Temesgen Diriba, Lemma Gizachew and Adane Hirpha, 2002. Multipurpose tree species for food, feed and wood: I effect of green manure from leguminous species on grain and other yield components of maize

Proc.4th FoSE conference, pp 70-77

The study was conducted at the Bako Agricultural Research Centre from 1996-1999 with the objective of assessing the effect of incorporation of green manure from legume tree species as a substitute for commercial fertilizers. The treatments tested include incorporation of leaves from different legume tree species (Leucaena pallida,Leucaena diversifolia and Gliricidia sepium), recommended level of N/P2O5 (25/25 kg/ha) applied as a starter fertilizer. In the treatments where the legume leaves were applied, their amount was iso-nitrogenous across all species and incorporated in to the soil one month before maize planting and at maize thinning stage. The leaf components used for green manure were sampled initially and analysed for the chemical entitles. The chemical analysis of the legume plant tissue indicated highest N, lowest acid detergent fiber (ADF), lowest lignin concentration and highest nitrogen to lignin ratio for green manure from Gliricidia sepium. Green manure from Leucaena pallida exhibited higher nitrogen, lower ADF and higher N to lignin ratio than that of Leucaena diversifolia. From the concentrations of N and fiber components, Gliricidia sepium was observed to be a promising green manure legume tree species. The combined analysis of variance over four years for grain and other yield components revealed a highly significant effect of year (P<0.01) on grain yield and stalk dry matter (DM). The effect of treatment was only significant (P<0.01) for leaf DM. The year by treatment interaction effect was not significant (P>0.05) for all residue components, total residue and harvest index but was found to be significant for grain yield (P<0.05). This significant variance ratio of year by treatment interaction for grain yield of maize suggests a difference in the comparative response of maize to different types of fertilizer treatments at different cropping seasons. Thus, the two-way interaction table of year and fertilizer treatments was considered for grain yield. The average effect of years and treatments was separately presented for the other traits. When averaged over years, higher mean grain yield (94.88q/ha) was obtained from the plots to which Glircidia sepium was applied at thinning stage of maize followed by the plots to which the green manure of same tree species was applied one month before maize planting. Nearly equal or greater grain yield values were obtained from the plots to which green manure from different leguminous tree species were applied irrespective of the time of application as compared to those which received a recommended level of fertilizer. This implies the possibility of replacing the expensive commercial fertilizers by the locally produce fertility enhancing green manure sources to improve productivity gains from maize based cropping systems. Significant year effect (P=0.05) was observed for stalk yield, total residue and harvest index. For cob, leaf and husk components, no significant effect of year was observed. The mean yield values of total residue DM ranged from 8.08 for 1997 to 17.15 for 1999. the effect of different fertilizer sources was significant (P=0.01) for leaf, and for total residue and harvest index. No significant treatment effect was observed. Little information has been documented about the potential of Leucaena diversifolia for green manure purposes and other related agronomic aspects. At the same time, Leucaena pallida is also recently been recognized and extensive research information on its utilization has not been well recorded. Nevertheless, the generally higher N and lower lignin concentrations in the leaf component of these tree species and the comparatively higher mean grain yield values achieved in this study suggest these tree species to be the potential legumes for green manure to enhance low external input but internally intensified food crop production systems. 

Abebe Yadessa and Diriba Bekere, 2002. Effect of biomass transfer of Cajanus cajan with or without inorganic fertilizer on BH-660 hybrid maize variety at Bako, Western Oromia. 

Proc. 6th ESSS conference, pp 198-203. 

A biomass transfer study on Cajanus cajan (L.) Millsp. in combination with different rates of inorganic fertilizer was conducted in 2000/01 cropping season at Bako Agricultural Research Center, Western Oromia, Ethiopia. The objective of the study was to determine the optimum rate of Cajanus biomass that either substitutes or supplements inorganic fertilizer in maize production. The experiment was tested on the popularly used hybrid maize variety at Bako (BH-660), and it was also repeated during the 2001/02 cropping season to assess the possible residual effect of applying inorganic fertilizer and Cajanus biomass. Results indicated that maize grain yield was significantly affected by varying rates of Cajanus biomass (p = 0.0011) and inorganic fertilizer (p = 0.000) during the first cropping season, but not significantly affected during the second year. Maize grain index was only affected by Cajanus biomass (p=0.014), but not by inorganic fertilizer. Maize grain yield varied from 3093 kg/ha to 9057 kg/ha during the first year and from 1266 kg/ha to 2614 kg/ha during the second year. Maize yield with fully recommended rate of inorganic fertilizer rate alone (no biomass application) was 6913 kg/ha. Applying 4 t/ha Cajanus biomass gave a yield advantage of about 86.55% over the control, but less only by 16.55% from the plot that received recommended fertilizer rate (standard plot). From this preliminary finding, Cajanus biomass application seems promising alternative for maize production in the area, and can be mineralized and made available to crops during the year of application. However, the economic analysis to assess the profitability of using this organic fertilizer with or without inorganic fertilizer must be studied. Appropriate time of biomass application to synchronize the nutrient supply from biomass mineralization and crop nutrient demand is also required to make the use of organic and/or inorganic fertilizers more efficient. 

Abebe Yadessa, Diriba Bekere and Taye Bekele, 2001. Maize grain yield under Taungya system with different multipurpose trees at Bako, Western Ethiopia.

Proc. 10th CSS, pp 198-203 

A two-year taungya experiment consisting of ten different multipurpose tree species intercropped with maize was conducted at Bako Agricultural Research Centre, Western Oromia, Ethiopia. The objective of the study was to assess the possibility of utilizing the idle growing space usually occurring during the early stage of tree establishment. The tree species evaluated were Makhamia lutea, Calliandra colothyrsus, Chamacytisus palmensis, Erythrina brucci, E.abyssinica, Acacia cyanophyla, A.mearnsii, A.melanoxylon and Moringa oleifra. The experiment was laid out in Randomized Complete Block Design with two replications. Results showed that there was no significant difference in grain yield of the intercropped maize with different tree species during the first year of tree establishment, but was significantly affected by the intercropped trees (P(0.05) during the second year. This may be because at the age of one year the trees are at seedling/sapling stage (shorter) and hence pose relatively little shading problem on the intercropped maize, which was also evidenced by correlation analysis. During the first year , maize yield was not significantly correlated with tree height, root collar diameter, and survival, unlike the second year where there was significant negative correlation between maize yield and tree height (r=-0.52;p=0.019), root collar diameter (r=-0.49;p=0.027) and survival rate (r=0.493;p=0.027). Based on this preliminary finding, maize can be intercropped with newly established trees in sort of taungya system during the first year without considerable reduction in grain yield so that the idle growing space can be utilized to the maximum, and this can be one way of achieving food security in the area. In addition, even if there is a reduction in yield during the second and more years, the overall productivity of land could be increased with the use of tanguya system. 

Abebe Yadessa, 2003. Effects of intra-row spacing and cutting height of Calliandra calothyrsus on maize grain yield in alley cropping system. 

Proc.10th ESAP conference, pp 269-275 

A field experiment on Calliandra calothyrsus Meissner alley cropped with maize was conducted for four cropping seasons (1997/98 – 2000/01) at Bako Agricultural Research Center in Oromia Region, Ethiopia. The objective of the study was to assess the effects of intra-row spacing and cutting height of C. calothyrsus on maize grain yield in alley cropping system, and also to estimate the effect of alley cropping on maize yield in comparison to maize yield under no hedge-plot. Three intra-row spacings (25, 50, and 75 cm) were combined with four cutting heights (25, 50, 75 and 100 cm) factorially in randomized complete block design (RCBD) plus control (no hedge) plot with three replications. Results showed that the grain yield of maize was significantly (p=0.05) affected by intra-row spacing, but not by cutting height. The interaction between intra-row spacing and cutting height was not significant. Wider spacing gave higher maize grain yield, which might be due to less competition with maize as compared to those closely planted ones. On the other hand, the non-significant effect of hedge cutting height on maize yield might be due to systematic hedge pruning; that is, totally leaving the hedge intact during off-season but carefully monitoring it during the growing season to minimize the shading problem. This suggests the need for giving more attention to Calliandra planting space than its cutting height. Combined across years, maize grain yield showed significant (p=0.001) variation; it was lower at the beginning and the end of the experimental period, higher during the second and third years. But the interaction between treatments and year was not significant. Although it was generally low, the yield under alley cropping was not significantly different when compared with no-hedge plot, indicating that the wood obtained from Calliandra hedge was additional benefit resulting in better overall production efficiency the system. The low yield obtained in this finding could be attributed to lower biomass from hedges and lack of some inorganic fertilizer to supplement the tree biomass, suggesting the need for integrated nutrient management study (prunings together with some inorganic fertilizer) for sustaining maize production in the area. 

Studies on trees for fodder

N.N. Umunna P.O.Osuji, I.V.Nsahlai, H.Khalili, M.A.Mohamed-Saleem, 1995. Effect of supplementing oat hay with lablab, sesbania, tagasaste or wheat middlings on voluntary intake, N utilization and weight gain of Ethiopian Menz sheep

Small Ruminant Research 18: 113-120

This study investigated the effect of feeding oats hay alone or with 250g of dolichos (Lablabpurpureus, 50% flowering at harvest) hay, wheat middlings, leaves of Sesbania (Sesbania sesban) or tagasaste (Chamaecytisus palmensis) on the growth of 66 Ethiopian Menz sheep and the nutrient metabolism of five sheep from each treatment. One other dietary treatment was oats straw supplemented with lablab. Sheep on the hay-lablab diet, compared with the straw-lablab diet, had higher intake (774vs.711g day -1; P<0.01), growth rate (28vs.18g day-1; P<0.1), digestibilities of DM (576vs.531g kg-1;P<0.05), OM (608vs.557g kg-1;P<0.05) and microbial N supply (6.0vs.4.2g day-1; P<0.05), but both diets had similar N retentions. Intake of oats hay tended to be depressed by supplementation, but the depression was more pronounced with lablab and tagasaste. Supplementation increased total intake (g day -1) of DM (650vs.758-815;P<0.001) and OM (573vs.678-737;P<0.001), microbial N supply (4.6vs.6.0-8.0g day-1; P<0.001), N retention (0.1vs.1.7-3.7g day-1; P<0.001) and growth rate (15vs.25-41g day-1;P<0.001),but not digestibility of DM and OM . Sesbania and wheat middlings, as compared with tagasaste and lablab, promoted higher intake of DM (815 and 812vs. 758 and 774g day-1; P<0.05), body weight (BW) gain (35 and 41vs. 25 and 28g day-1; P<0.05), but not microbial N supply. The results were discussed in relation to, and supported, the hypothesis that variation in the performance of animals given leguminous supplements may partly be ascribed to how quickly the supplement disappears from the rumen. Oat hay is a better feed than oat straw and alone could mitigate BW losses of sheep.

M.L.K. Bonsi, P.O.Osuji and Ak Tuah, 1995. Effect of supplementing teff straw with different levels of leucaena or sesbania leaves on the degradabillities of teff straw,Sesbania, leucaena, tagasaste and vernonia and on certain rumen and blood metabolites in Ethiopian Menz sheep

Animal Feed Science and Technology 52: 101-129

In vitro gas production, dry matter and nitrogen degradabilities of fresh and sun-dried foliages of four fodder trees (FTs) (Sesbania sesban, Leucaena leucocephala, Chamaecytisus palmensis (tagasaste), Vernonia amygdalina) and of teff straw were estimated. In Experiment 1, feed samples were incubated in three different rumen environments (ecologies) created by feeding sheep the following: teff straw, teff straw + 174g dry matter (DM) of sesbania and teff straw + a67g DM of leucaena. In Experiment 2, different rumen ecologies were created by feeding teff straw supplemented with 119, 178 or 232 g DM day eq \o(\s\up 6(–　),\s\do 2(　))

eq \o(\s\up 6(1　),\s\do 2(　))of sesbania or with 117, 175 or 232g DM day eq \o(\s\up 6(–　),\s\do 2(　))

eq \o(\s\up 6(1　),\s\do 2(　))of leucaena. Gas production constants were estimated following the equation: Gp=B (1-eeq \o(\s\up 6(-　),\s\do 2(　))

eq \o(\s\up 6(c　),\s\do 2(　))

eq \o(\s\up 6(t　),\s\do 2(　))) where Gp is gas produced at time t, B is potential gas production and C is the rate of gas production at time t. Rumen fluid was sampled at 3,6,9,12 and 24 h after feeding in Experiment 2 and pH, NH3-N, volatile fatty acids ( VFAs) and minerals determined. Plasma urea nitrogen (PUN) concentrations were estimated in blood taken from the sheep at 3,6,9, and 12h.Drying relatively increased the neutral detergent fibre (NDF), acid detergent fibre (ADF) and NDF-nitrogen concentrations in all foliages except in leucaena. Dry sesbania, tagasaste and vernonia had lower nitrogen concentrations than the fresh ones but the opposite trend was observed for leucaena. Dry matter disappearance (DD) at incubation times of 3-48 h and degradation constants differed among the four foliages (P<0.05). Compared with the other foliages, sesbania had lower fibre fractions and degraded faster.

D. Reed, H.Soller and A. Woodward, 1990. Fodder tree and straw diets for sheep: intake, growth, digestibility and the effects of phenolics on nitrogen utilisation

Animal Feed Science and Technology 30:39-50

Intake, growth, digestibility and nitrogen (N) utilisation by sheep were investigated for seven experimental diets which consisted of teff straw (Eragrostis abyssinica) fed ad libitum with phyllodes of Acacia cyanopylla (diet 1), fruits of Acacia sieberiana (Diet 2), leaves of Acacia seyal (Diet 3) and Sesbania sesban (Diet 4), vetch hay (Vicia dasycarpa) (Diet 5) and noug cake ( Guizotia abyssinica) (Diet 6). Diet 7 included urea to provide an intake of 1%N. A.cyanophylla had a high fibre and lignin content due to a high level of proanthocyanidins (condensed tannins). The three acacias had the highest content of soluble phenolics and insoluble proanthocyandins. S.sesban had the lowest content of fibre and polyphenols. Diets containing acacias had the highest levels of feed refusals and the lowest intake of teff straw. However, the intake of A.seyal increased over time. Sheep fed S.sesban had the highest intake of teff straw. The growth rate was highest for diets 4 and 5, reflecting high intakes, while sheep eating Diet 1 lost weight. Growth rates for sheep fed A.seyal were similar to those of sheep fed S.sesban and vetch hay during the last 7 weeks of the growth trial after intake had increased. Digestibility of fibre was lowest for diets containing acacias. Proanthocyanidins in A.cyanophylla may have complexed protein in the digestive tract causing negative digestion coefficients for lignin and N insoluble in neutral deteregent. The content of faecal N that was soluble in neutral deteregent was highest for sheep fed A.seyal, indicating higher excretion of microbial and endogenous N in the faeces. Urinary N loss was lowest and faecal N loss was highest for diets containing acacias. N balance was positive for sheep fed all diets except A.cyanophylla. The N fraction in diets containing acacias was not nutritionally uniform because of the influence of polyphenols on protein digestion and metabolism.

Solomon T.Mariam, Abubeker Hassen and Nigatu Alemayehu, 1998. Supplementation of Rift Valley goats feed maize stover from maize-tree cropping systems with different forms of Acacia seeds.

Proc. 6th ESA Conference, pp 334-336

Forty Rift Valley goats (20 male and 20 female) were used in a 90-day trial to assess the feeding, value of maize stover from maize tree cropping systems with different forms of acacia seed. Treatments comprised ad libtium maize stover alone (T1), maize stover with 334 g of ground acacia seed (T2) maize stover with whole acacia seed (T3), maize stover with 180 g of noug cake (T4) and maize stover with 470 g of acacia fruit (T5). The supplementary treatments had significantly (p<0.01) different effect on body weight change of Rift Valley goats. Moderate average daily gains (g/head) were recorded for goats supplemented with T2 (8.3(5.22) and T5 (5.5(5.22).  Goats supplemented with T3 and T, were not able to maintain their body weight, though the average daily weight loss was small compared to those receiving T, (control) treatment. The weight loss was probably related to low nutritional quality of the maize stover, which resulted in inferior intake of maize stover and hence total dry mater (DM) intake. Nevertheless, the significantly higher total DM intake and slight increase in average daily gain observed in this study for goats on T2 and T, showed the potential of maize-tree - cropping systems to support moderate performance during years of severe feed shortage. However, further intervention is required to improve growth performance of Rift Valley goats from this cropping system.

Diriba Geleti, 2003. Effect of tree age, row spacing and harvesting interval on edible foliage dry matter yield of Leucaena pallida

Proc. 11th ESAP conference, pp253-258

The study was conducted at Bako Research Centre to determine suitable agronomic management options for L.Pallida for achieving superior forage biomass in Western Ethiopia. Four combinations of inter and intra row spacings (1x0.5,1x1m,1.5x1m) and three levels of cutting intervals (6,8 and 10 weeks) were evaluated in split-plot design with the former as main plot and the latter as sub-plot factors for three consecutive years (1997-1999). The result revealed significant year (P<0.01), row spacing (P<0.01), cutting interval (P<0.05), the interaction of year and plant spacing (P<0.01) and that of spacing and cutting interval (P<0.01); whereas the effect of the interaction of year and cutting interval was non-significant (P>0.05). On the other hand, the three-way interaction of year, plant spacing and cutting interval was observed to be significant (P<0.01). Within each year, significantly higher leaf DM yield was recorded for narrow spacing (1x0.5) treatments. When averaged over the levels of cutting interval, superior biomass yields were achieved during the second year of stand establishment. When pooled overyears, significantly higher (P<0.01) leaf DM yields were recorded for 6 and 8 weekly cuts; the mean values being 3.8 and 3.7 tha-1, respectively. High density plantings (1x0.5m and 1x1m) combined with shorter cutting intervals (6 and 8 weeks) gave superior foliage biomass DM when averaged over years and hence recommended for achieving maximum leaf biomass yield.

Bonsi, Osuji, Tuah and Umunna, 1995. Vernonia amygdalina as a supplement to teff straw (Eragrostis tef) fed to Ethiopian Menz sheep

Agroforestry Systems 31:229-241

Sixteen rumen firstualed Ethiopian Menz type sheep were used in a completely randomised block design (CRBO) in experiment1. Unchopped teff straw was fed alone or supplemented with either 100, 150 or 200 g/d of sun-dried vernonia leaves. The chemical com​positions of fresh, boiled, water-soaked and sun-dried vernonia and soluble carbohydrate (SC) loss by boiling were determined. In experiment 2, 25 growing Ethiopian Menz type sheep, were fed teff straw alone or supplemented with 120 g (OM) of either boiled (B) or soaked (S) fresh vernonia with or without molasses (M) (50 g). SC lost by boiling fresh vernonia for 15,30, 45 or 60 min was determined. In experiment I, boiling increased the nitrogen (N) concentration in vernonia but sun-drying reduced it. N bound to fibre (NOF-N) was reduced by boiling but not by soaking. SC loss increased with boiling time. Supplementation did not affect the degradation constants (a, b, PO, c) of teff straw, but OM disappearance was increased (p < 0.05) at 76 and 120 h of incu​bation. Intake of sun-dried vernonia was poor but increased with quantity offered. Intakes and digestibilities of OM, OM and the fibre fractions were marginally higher (p > 0.05) in the sup​plemented diets. Nitrogen balance in the supplemented diets was low due to increased faecal and urinary excretion. In experiment 2, rumen NH3-N was higher for the boiled treatments compared to the soaked treatments. Acceptability at both 2 and 4 h was highest for BM, followed by SM, Band S. Boiling for 30 min, but not soaking, enhanced the acceptability of vernonia, suggesting that a pre-treatment may enhance the feed value of vernonia.

Kahsay Berhe and Tothill, 1997. Dry matter yield, P response and nutritive value of selected accessions of Chamaecytisus palmensis (tagasaste) and Teline monspessulana (Montpellier broom) in the Ethiopian highlands

Tropical Grass Lands 31: 49-57

Four accessions of the multi-purpose fodder tree, tagasaste (Chamaecytisus pabnensis) and one of Monlpellier broom (Teline monspessulana) were evaluated for dry matter yield, response to P fertilizer and nutritive value for livestock feeding, at 2 contrasting sites in the highlands of Ethiopia, one on a neutral pH Alfisol, and the other on an acid Nitisol. Montpellier broom was consider​ably lower yielding than tagasaste. There were substantial differences in dry matter yield between tagasaste accessions at both sites, but superior accessions were not consistent across sites. All accessions responded considerably to P fertilizer at first harvest at Soddo, where the soil is known to be P deficient and to have a high ability to fix P.   Responses were inexplicably negligible at subsequent harvests. Some variation was evident in the parameters reflecting feed quality, but values were generally consistent with the exceptions for leguminous feeds.   Mortalities from fusarium wilt were relatively high at the Soddo site, probably exacerbated by the seasonal water logging. This study underlines the need for research on how tagsaste fits into farming systems, taking into account establishment, management and utilization of the plant, and to identify suitable well-drained habitats for its successful growth.

D.L. Coppock, 1993. Grass hay and Acacia fruits: A local feeding system for improved calf performance in semi-arid Ethiopia

Tropical Animal Health and Production 25:41-49

A 90-day growth trial was designed to compare the performance of caves on 3 dry-season diets composed of local resources from the Borana pastoral system. The control group received the traditional diet-and-carry, standing-brown grass while the other diets consisted of grass hay stored since the previous wet season with or without Acacia tortilis fruits as a protein supplement. All calves had access to water once every 3 days as traditional. The objective was to see whether modest changes in traditional feeding management could enhance nutrient intake and growth of calves under conditions of restricted water access. The hay had a higher nitrogen content and in vitro digestibility than the standing grass, and the Acacia fruits had higher nutrient concentrations than the hay (both at P(0.05). Calves on hay plus Acacia fruits had higher nitrogen intakes than those on standing grass (both at P(0.05). Calves on standing grass lost weight and condition, those on hay only maintained weight but lost condition, and those on hay plus Acacia fruits gained weight and maintained condition (all at P(0.05). Calves consumed the most feed on day 2 of the watering cycle, regardless of treatment. Water intake increased 27% for animals on both hay diets compared to those on standing grass (P(0.01). Feeding packages based on hay making and collection of browse legumes are appropriate options for extension to these semi-settled pastor lists. 

Abebe Yadessa, Diriba Bekere, Teshome Takele and Nega Emiru 2003. Fodder and wood production of Calliandra calothyrsus planted in hedgerows as influenced by intra-row spacing and cutting height

Proc. 11th ESAP conference, pp 287-295

Calliandra calothyrsus Meissn is a promising tropical legume browse species, but factors which control production under intensive management have not been well defined. Thus, a field experiment on this species grown as hedgerows were carried out at Bako Agricultural Research Centre, Oromia Regional State, Ethiopia. The objective of the study was to assess the effect of intra-row spacings (25,50, and 75 cm) and four cutting heights (25,50,75 and 100 cm) were considered, and they were arranged in 3*4 factorial experiment in RCBD with three replications. Results showed that cutting height significantly affected fodder (p=0.000) and wood (p=0.009) yields. But the interaction between intra- row spacing and cutting height was only significant (p=0.006) for the fodder fraction, not for wood. For the 25 cm intra-row spacing, the 75 cm cutting height was the best combination for fodder production; whereas for both the 50 and 75 cm intra-row spacings, the 100cm cutting height was the best followed by the 75 cm cutting height. Generally, for closely spaced plants relatively shorter cutting heights are better, but for widely spaced ones taller cutting heights are recommended. Though it was not significant for wood, the fodder yield was significantly higher for the closely spaced hedgerows (25cm) than for the 50 or 75 cm, which could be due to higher number of stems per hedgerow for the closely spaced ones. The interaction between cutting height and age of Calliandra hedge was significant for fodder (p=0.025), wood (p=0.000) and fodder: wood ratio (p=0.004). This means during the early stage of hedge establishment, the proportion of fodder in relation to wood was higher when it was cut at higher cutting heights, but at the later age the lower cutting heights gave higher percent fodder yield as compared to higher cutting heights. The initial increase in fodder fraction with increase in cutting height could be attributed to greater surface area from which regrowth can occur.

Gebregziabher Gebreyohannes, Diriba Geleti, Lemma Gizachew, Yohannes Gojam and Gemeda Duguma, 2003. Effect of noug cake and Sesbania sesban supplementation on the growth performance and caracass characteristics of Horro rams. 

Proc. 10th ESAP conference, pp 335-339

An experiment was conducted to investigate the effect of protein supplements on the feedlot performance of Horro rams at Bako Agricultural research Centre. The rams were fed a basal diet of Rhodes (Chloris gyana) grass hay appetite and supplemented with 800g gro8und maize alone (treatment 1) 800g ground maize grain and 800g noug cake mixture (treatment 2) and 800g ground maize grain and 1040g Sesbania sesban mixture (treatment 3) for a period of 90 days. The animals were supplemented with 16g mineral salt per group per day during the study period. The result indicated that treatment had a significant (p<0.05) effect on final body weight, body weight gain and rate of body weight change of rams during the experimental period. Similar effect of treatment was observed on fat thickness, caracas yield and spleen and testis weight. Rams supplemented with ground grain and noug cake mixture (treatment 2) performed better than the other two treatments in body weight gain. Nevertheless, animals in treatments 2 and 3 were not significantly different (p>0.05) in fat thickness, caracas yield and spleen and testis weight. From this study it can be concluded that Sesbania sesban could serve as a potential protein supplement in a place were noug cake is not available or expensive to purchase. 

Seyoum Bediye, Ummuna, Nsahalia, Zinash Sileshi and Alemu Yami, 1996. Interrelationships of chemical properties, in vitro digestibility and ruminal degradability characteristics of protein sources

Proc. 4th ESAP conference, pp 129-139

Associations among chemical properties, In vitro digestibility and ruminal degradability characteristics of herbaceous legumes, browse species and oilseed cakes were studied using correlation analysis based on a total of 50 feedstuff samples. Chemical properties were poorly related to in vitro organic matter digestibility (lVOMD). In browse species only crude protein (CP) was strongly associated with IVOMD while in oilseed cakes, CP and fiber components were strongly related to IVOMD. Fractional rates of ruminal degradability of N were strongly related to NOF content of herbaceous legumes, hemicellulose to cellulose ratio in browse species and lignin content to oilseed cakes. Potential degradability of N was poorly related to chemical properties at herbaceous legumes and browse species but strongly related to CP and fiber components in oilseed cakes. Potential degradability 0: OM was poorly related to IVOMD of herbaceous legumes and browse species but strongly related in oilseed cakes. Fractional rate' at organic matter disappearances accounted for more than 85% of the variation in IVOMD of browse but only up to 10% in herbaceous legumes and oilseed cakes. Hourly OM disappearances and IVOMD were poorly related to IVOMD in herbaceous legumes but strongly related in the ranges of 24-48 hr in browse and 36.48 h in oilseed cakes." Chemical properties of protein sources were poorly related to biodegradability suggesting need for basic research to determine the fundamental properties of cell walls that constrain their intrinsic digestion rates and potential degradability.

Bonsi, Osuji, Tuah and Umunna, 1995. Intake, digestibility, nitrogen balance and certain rumen characteristics of Ethiopian Menz sheep fed teff straw supplemented with cotton seed cake, dry sesbania, dry leucaena or fresh leucaena.
Agroforestry Systems 31: 243-256

Twenty five rumen fistulated Ethiopian Menz sheep were used in a completely ran​domized block design to determine roughage utilization when different types of supplements (sesbania, leucaena, cotton seed cake (CSC) and forms (fresh or dry leucaena) were fed. The chemical composition, intake, digestibility, nitrogen balance and rumen degradability coeffi​cients were determined. Rumen pH and ammonia-nitrogen (NH3-N) levels were estimated in samples taken at 1, 2, 3, and 6 h after feeding. There was substitution of teff straw dry matter by the supplements. Fresh leucaena effected the highest substitution. Supplementation enhanced (p < 0.05) the dry matter degradation (DO) of teff straw at 6 and 12 hours of incubation but not (p > 0.05) for the other incubation times. There were no significant differences (p > 0.05) between treatments in the degradation con​stants: readily soluble component (a) slowly degradable fraction, (b) potential degradability (PD = a + b) and rate of degradation (C) and for rumen NH3-N concentration, the ranking was CSC > sesbania > dry leucaena > fresh leucaena > teff straw alone (p < 0.05). The particularly high substitution rate observed with fresh ]eucaena might suggest that bulkiness may be a limiting factor in the intake of low quality roughages supplemented with tree leaves. The lower DM and OM digestibilities of the supplemented diets were attributed to substrate preference by rumen cellulolytic bacteria. Excessively high levels of rumen NH3-N (328 mg/l) in the CSC diet resulted in high urinary nitrogen losses (r2 = 0.32; p < 0.001) leading to low N balance. This may suggest that for the utilization of poor quality tropical roughages, moderate levels of rumen NH3-N sustained over a longer period may be needed.

Betre Alemu, 1999. Promising multi-purpose tree species and strategies of fodder production in Ada woreda of Ethiopia.

Proc. 7th ESAP conference, pp247-263

Ten potential multipurpose tree species (MPTS) i.e. Calliandara calothyrsus, Chamaecystisus palmensis," (Manawatu, Newzeland), Gliricidia sepium, Leucanea diversifolia (Guatemuala), Leucanea leucocephala (Central Peru, Cunningham, K8), Leucanea pallida (Oaxaca in Mexico), Prosopis julifolora (Arizona), Sesbania sesban (Uganda and Zaire) were evaluate at Debre Zeit light soil. The parameters used were dry matter productivity of both foliage, wood and total, adaptability (persistence, seed production and nursery germination), growth (number of sprouts, height before cutting and collar diameter), and resistance to pests and disease. Harvesting was made for four consecutive years after one year of establishment period at 50 cm height above the ground twice per year. In addition, 45 randomly selected farmers from 12 Kebeles were interviewed, group discussions were conducted, and field observations were made to assess potential fodder development strategies. Generally, Leuceana pallida for permanent and Sesbania sesban (Zaire) for temporal fodder production were found to be promising MPTs providing high amount of supplemental protein, address the acute particularly dry season feed shortage and firewood demand of the local population, and being relatively very resistant to insect and disease attack. Further, homestead (backyard) planting was found to be the most preferred and potential fodder development strategy due to the relatively security of land holding and ease of protection and management. Farmers are also willing to plant trees even on their cropland with the help technical support to establish particularly Acacia albida seedlings. Management of communal grazing areas for better production of fodder through cut-and-carry system has also great potential with the current lease land holding and participatory land use planning approach. Moreover, the economics of establishing fodder banks to supply supplemental protein for urban and pre-urban dairy and fattening farms need to be further studied.

Firew Tegene, 2001. In vivo assessment of the nutritional value of cactus pear (opuntia ficus-indica) as a substitute to grass hay in sheep rations

Proc. ESAP conference, pp 225-234

An experiment was carried out to determine the nutritional value of cactus pear (Opuntia ficus-indica), its safe level of inclusion in growing sMep diets and its contribution as water source. Twenty-four sheep were stratified and divided into six groups based on their initial  weight. Each group of four lambs was then assigned to one of the six experimental diets (T1 T2, T3, T4, T5, or T6 at 0, 20, 40, 60, 80, and 100%, on a dry matter basis, of cactus inclusion) in Completely Randomized Design (CRD). Data on feed intake and water intake were subject to analysis of variance while data on weight were subject to analysis of co-variance as applied to CRD. Significant differences between treatment means were tested by Tukey's pair wise comparison. Generally, there were significant differences between treatment means (p < 0.05) in terms of daily dry matter intake and water intake due to the level of inclusion of O. ficus-indica. Sheep Tl gained 5.65 g/day, those in T2 maintained their live weight while the rest lost bodyweight. From these groups, the losses in T5 and T6 were most severe. It, was concluded that, under the conditions of this study, O. ficus-indica could safely substitute grass hay to a level of 20% for sheep at maintenance. In areas where there is severe feed shortage, however, it could substitute grass hay to a level of 60%. It, in addition, has a substantial contribution in satisfying the water requirement of sheep. For a conclusive result, however, further research is recommended. In addition, as feeding O. ficus-indica in different forms may have different effects on animal performance further investigation is recommended to gear towards this.
Hailu Dadi and Ashenafi Mengistu, 1998. Feeding value of Leucaena leucocephala and Cajanus cajan as dry season supplement for kids.

Proc. 9th ESAP conference, pp 203-206

A study was conducted to investigate the effect of browses (C.cajanus and Leucaena) and concentrate supplementation on growth rate of rift-valley kids. A total of 32 (males and females) kids that weigh 11.9 kg were allocated randomly to four dietary treatments (300 g Leucaena, 300 g cajanus,200 g concentrate and no supplement group). Supplement rations were offered each day after eight hours grazing for 90 experimental days. Dietarytreatments had significant effect (p < 0.05) on weight gains of kids and sex differences were also significant (p<0.01). The over all result indicate that 300 g fresh leucaena or 300 g fresh Cajanus improve growth performances of kids.

Nursery operations and tree propagation techniques

Tesfaye Hunde, 1999. Effect of different site preparation methods on growth and survival of Eucalyptus globulus Labill. at Gefersa, Ethiopia

E J N R1 (2): 251-258

A study was conducted with the aim of investigating the effects of different site preparation methods on the establishment of Eucalyptus globules. The experiment involving complete cultivation, furrow cultivation, spot hoeing and pitting treatments was conducted at Gefersa, 18 km west of Addis Ababa, Ethiopia. Each treatment was replicated four times and laid out in RCBD. Data were collected 27 months after establishment of the experimental plots. Two growth characteristics, survival and height growth, were evaluated. Two-ways ANOVA followed by comparison of treatment means using the Least Significant Difference (LSD) Range Test revealed significant differences in survival and height growth among treatments. Complete cultivation of site was found to be the best treatment for the establishment of E.globules.

Girma Balcha and J. Blyth, 2000. The use of tetrazolium chloride test to determine viability of Afrocarpus gracilior (pilger) c.n. page (podocarpaceae) seeds kept at different storage environments. 
EJNR 2(1):79-92

The use of tetrazolium chloride test on viability determination of Afrocarpus gracilior seeds was studied at different storage environments. A factorial experiment of 4 moisture contents (6,8,11 and 15%) and 4 temperatures (-20, 4, 10, and 21eq \o(\s\up 6(0　),\s\do 2(　))C) was used and the data were collected 4 times with an interval of three-month period. It was noted that a seed was either clearly stained pinkish-red or showed patchy or no staining at all. Seeds that were stained pinkish-red were recorded viable while those that showed uneven or no staining were interpreted non-viable. Seeds stored at 6 and 8% moisture content in combination with 4 and 10eq \o(\s\up 6(0　),\s\do 2(　))C had the highest viability after a 12-month storage period indicating an intermediate seed storage behaviour. At each temperature, viability decreased with an increase in moisture content. In the test after 3 and 6 months of storage, the effect of temperature was more significant than was moisture content. However, variations due to moisture content became more significant in the tests after 9 and 12 months of storage compared to the effect of temperature. Desiccation of the seed to a moisture content of 6% did not affect viability of the seeds. However, -20eq \o(\s\up 6(0　),\s\do 2(　))c killed the seeds significantly during subsequent storage periods. Based on the results, the seeds of A.gracilior fit in to an intermediate seed storage category, i.e. between storage behaviour of species with orthodox and recalcitrant seeds.

Demel Teketay, 1996. The effect of different pre-sowing seed treatments, temperature and light on the germination of five Senna species from Ethiopia

New Forests 11:155-171

The germination requirements of five Senna species: S. bicapsularis. S. Didy​mobotrya. S. Multiglandulosa, S. occidentalis and S. septemtrionalis have been investigated. Seeds possess dormancy, which is caused by their hard seed coats hampering maximum, uniform and rapid germination. To overcome this dormancy, seeds of the five species were pre-treated with (a) mechanical scarification, (b) concentrated sulphuric acid for 15,30,45 and 60 minutes and (c) boiling water for 15,30,45 and 60 seconds. To determine the effects of temperature on the germination of seeds, pre-treated seeds from each species were incubated at 10, 15,20,25 and 30°C. Germination was also tested in the dark. Both acid treatment and mechanical scarification resulted in fast and uniform germination. The highest germina​tion (95-100%) for all species was obtained from seeds treated with sulphuric acid for 60 minutes. Mechanical scarification resulted in 100% germination in all the species except S.septemtrionalis (59%). Boiling water improved germination significantly in S. didymobotrya (98%), S. occidentalis (82%) and S. septemtrionalis (97%), but had very little effect on S. multiglandulosa and reduced germination in S. bicapsularis. Senna seeds germinated over a wide range of temperatures with the optimum temperatures for germination falling around 20-25 °C. Germination was either completely inhibited or very low at 10°C. Seeds of all species germinated both in light and dark conditions.

Application. For maximum, uniform and rapid germination of Senna species with hard seed coat imposed dormancy; use pre-sowing treatments involving mechanical scarification, acid or boiling water treatments. Once dormancy is broken, seeds can be sown in nurseries with the temperatures ranging between 15-30 °C.

Demel Teketay, 1996. The effect of pre-sowing seed treatments, temperature and light on the germination of Tamarindus indica L., a multipurpose tree 

Journal of Tropical Forestry Vol.12 (III): 73-79

The effects of pre-sowing treatments, temperature and light on the germination of Tamarindus indica seeds were investigated. The pre-sowing treatments included mechanical scarification. 7 sulphuric acid and 7 boiling water treatments. In the temperature treatments, seeds were placed on a thermogradient set at 10. 15. 20. 25 and 30 C. Seeds were also tested for germination in the dark. The best and fastest germination (83%) was obtained from seeds treated with sulphuric acid for 15 minutes. All other scarification treatments either did not improve or prevented germination. Germination was totally inhibited at 10 C while it ranged between 84-98% at 15.30 C. Optimum temperature for germination (98%) is around 25 C. Seeds germinated both in light and dark (98%) conditions. 

Demel Teketay, 1997. Germination ecology of Acacia negrii, an endemic multipurpose tree from Ethiopia

International Society for Tropical Ecology 38(1): 39-46, 1997

This study attempts to elucidate the most effective means to artitificia1ly overcome dormancy of A. negrii seeds. Seeds were mechanically scarified, treated with sulphuric acid for 1,2, 3, and 4 hours and with boiling water for 15, 30. 45, 60 and 300 seconds. They were also subjected to dry heat treatments at a range of different temperatures (60, 80 and 100°C) and durations (15. 30 and 60 minutes). Results from the present study show that the barrier to water uptake can be broken by using different treatments involving mechanical scarification, acid boiling water and, to some extent, dry heat treatments. The best germination value at room temperature (99%) was obtained from seeds immersed in boiling water for 45 seconds. Because of it low cost convenience and ease in use, immersion of seeds for 45 seconds in boiling water is recommended for nurseries.

Demel Teketay, 1998-2000. The joint role of alternating temperatures and light quality in the germination of Veronia anagallis-aquatica and V.javanica

Tropical Ecology 39 (2): 179-184,1998

Germination responses of freshly matured seeds of Veronica anagallis-aquatica and V. javanica were tested at 15,20,25,30 and 35°C in continuous light and at 20°C as well as at 20/120C in continuous light and in darkness. Germination of seeds was also tested in daylight. Light filtered through green leaves and in darkness at diurnally alternating temperatures averaging 28/13°C in a glasshouse. Results indicate that seeds require alternating temperatures to break dormancy, and require both alternating temperature and light to germinate. After exposure to full daylight, seeds of both species incubated under leaf shade or in the dark germinated to as high percentages as those incubated initially in daylight. Indicating that the seeds were in a state of enforced dormancy. The results show that seeds of both species require the joint action of alternating temperatures and light for germination. These specific requirements will prevent seeds from germinating under a vegetation canopy. Where competition with established plants is strong and at soil depths too great for seedling emergence.

Demel Teketay, 1993. Germination ecology of Vernonia galamensis (Cass.) Less. Var ethiopica M. G. Gilbert, a new industrial oilseed crop

Tropical Ecology 34(1): 64-74

Vernonia galamensis var.ethiopica has unique properties, which make it a promising plant to be developed as a new industrial oilseedecrop in semi-arid area. However, seeds have high degree of dormancy, which may hamper its development as a crop. Four experiments were undertaken to find out the cause of dormancy and requirements for germination of the seeds. Germination in untreated seeds was highest at 25eq \o(\s\up 6(0　),\s\do 2(　))C (32%).

Demel Teketay, 1996. Germination ecology of twelve indigenous and eight exotic multipurpose leguminous species from Ethiopia

Forest Ecology and Management 80: 209-223

The germination requirements of seeds of 20 leguminous species were studied in three experiments. In the first experiment, seeds were subjected to mechanical scarification. Sulphuric acid and boiling water treatments. In the second experiment, they were treated with dry heat at 60,80 and 100eq \o(\s\up 6(0　),\s\do 2(　))C. In the third experiment, seeds were placed at different temperature regimes (10, 15,20,25 and 30eq \o(\s\up 6(0　),\s\do 2(　))C) on a thermo gradient. Sulphuric acid treatment improved germination in all the species while mechanical scarification improved germination in 18 out of 20 species. Boiling water treatment improved germination in 15 species but proved to be lethal to five species. Similarly, germination was significantly improved in 11 out of 16 species treated with dry heat. Germination was faster and higher at both 25eq \o(\s\up 6(0　),\s\do 2(　))C and 30eq \o(\s\up 6(0　),\s\do 2(　))C and the optimum temperature for germination was between 20eq \o(\s\up 6(0　),\s\do 2(　))C and 30eq \o(\s\up 6(0　),\s\do 2(　))C for all the species. Mechanical scarification, sulphuric acid and boiling water treatments as well as dry heat were effective to overcome seed coat imposed dormancy in the species studied. It was not possible to recommend a treatment, which is equally effective for all the species. However, boiling water is a practical method for achieving rapid, uniform and high germination except in five of the species for which it proved to be lethal. In the latter case, either mechanical scarification or sulphuric acid treatment should be used. Seeds of Millettia ferruginea should be sown when they are fresh to get high germination, as they tend to lose their viability during storage. Results from the present study show that once the dormancy in leguminous species with hard seed coats is broken, the seeds germinate in wide ranges of temperature.

Demel Teketay, 1994. Germination ecology of two endemic multipurpose species of Erythrina from Ethiopia
Forest Ecology and Managements 65: 81-87

Erythrina brucei and Erythrina brana are multipurpose trees, which are endemic to Ethiopia. Both species, besides serving many purposes, have an important advantage in that they can be easily propagated vegetatively. However, little is known about their propagation by seed. Several experiments were conducted to investigate the effects of light, temperature and scarification on the germination of the seeds. The seeds of both species exhibited dormancy, although to different degrees, caused by impermeable hard seed coats. In E.brucei, the highest germination percentage (90%) was obtained from seeds placed under direct light from fluorescent tubes coupled with fluctuating day (20eq \o(\s\up 6(0　),\s\do 2(　))C) and night (10-12eq \o(\s\up 6(0　),\s\do 2(　))C) temperatures as well as from seed treated with boiling water for 5s. similarly, in E.burana, the highest germination percentage (85%) was obtained in seeds placed at a constant temperature of 25eq \o(\s\up 6(0　),\s\do 2(　))C in a thermo gradient as well as in seeds treated with concentrated sulphuric acid for 1h.

Therefore, for a higher rate and percentage of germination, it is recommended that the seeds of E.brucei be immersed in boiling water for 5s. However, since the dormancy of seeds of E.brucei is relatively low, untreated seeds may also be used to obtain a reasonable cumulative germination percentage (about 80%). In the case of E.burana, although a higher percentage and rate of germination can be obtained using sulphuric acid, it is recommended that untreated seeds should be used at a higher sowing density to compensate for the dormancy until a cheap, safe, convenient and rapid method of germination is found. The further investigation of growth characteristics, reproductive biology/ecology as well as performance in agroforestry of both species is recommended.

Demel Teketay, 1995. The effect of temperature on the germination of Moringa stenopetala, a multipurpose tree

Tropical Ecology 36 (1): 49-57

Moringa stenopetala is a potential multipurpose tree used in tradi​tional agroforestry practices in southern Ethiopia. Its leaves and fruits are eaten as vegetables and are also used as fodder; the wood is used for fuel and construction; many parts of the plant have different traditional medical applications. One of the most promising potential applications of the species, however, is to purify turbid water since its seeds have flocculating and anti microbial properties. Powder from seeds is being used as a natural coagulant for low-cost water purification. Despite its promising potentials as a multipurpose tree, it has attracted little attention compared with Moringa oleifera, which is widely cultivated throughout the tropics. The most common method of propagation of the species in southern Ethiopia is direct sowing, without pretreatment of seeds. However, very little is known about the temperature require​ments of the seeds for germination. To assess the effect of temperature on germination and to find out the optimum germination temperature, seeds were placed in a thermo gradient set at 10eq \o(\s\up 6(0　),\s\do 2(　))C, 15eq \o(\s\up 6(0　),\s\do 2(　))C, 20eq \o(\s\up 6(0　),\s\do 2(　))C, 25eq \o(\s\up 6(0　),\s\do 2(　))C, and 30eq \o(\s\up 6(0　),\s\do 2(　))C. Germination values were 0% (10eq \o(\s\up 6(0　),\s\do 2(　))C), 6% (15eq \o(\s\up 6(0　),\s\do 2(　))C), 85% (20eq \o(\s\up 6(0　),\s\do 2(　))C), 94% (25eq \o(\s\up 6(0　),\s\do 2(　))C), and 76% (30eq \o(\s\up 6(0　),\s\do 2(　))C). Germination increased with increase in temperature until 25eq \o(\s\up 6(0　),\s\do 2(　))C, but started to decline thereafter suggesting that the optimum temperature for the germination of seeds is about 25eq \o(\s\up 6(0　),\s\do 2(　))C. Speed of germination was higher at 25eq \o(\s\up 6(0　),\s\do 2(　))C, and 30eq \o(\s\up 6(0　),\s\do 2(　))C. Germination was almost inhibited at 15eq \o(\s\up 6(0　),\s\do 2(　))C and completely inhibited at 10eq \o(\s\up 6(0　),\s\do 2(　))C. It is concluded that areas with appropriate temperature 30eq \o(\s\up 6(0　),\s\do 2(　))C) be selected in future agroforestry designs involving the species or development of the tree.

Legesse Negash, 1990. Investigation on the germination behaviour of wild olive seeds and the nursery establishment of the germinants 

Ethiopian Journal of Science 13 (1): 71-81

A method is now developed for the rapid germination of seeds of Olea europaea L.Subsp. cuspidate (Wall. Ex Dc.) Cifferi (synonum:Olea africana Mill, commonly known as Wild Olive). Decoated seeds obtained from ripe, deep-violet colored fruits germinated soon after collection and within 5-7 days. The mean final percentage germination (completed within 15 days) of water-imbibed seeds was 92.5 ( 2.7%. In contrast, seeds sown without removing the hard seed coats failed to germinate under laboratory conditions even after 2-3 months. The rate and the final percentage germination of seeds obtained from fruits that were 40-70% green fleshed were significantly lower (p=0.0005) than those obtained from ripe, completely violet fruits. Treating seeds obtained from ripe fruits with a solution of indole-3-acetic acid (10eq \o(\s\up 6(4　),\s\do 2(　))M) resulted in reduced rate and final percentage germination. Seedlings obtained from fresh seeds grew significantly faster (p=0.005) than those obtained from 10-month-old seeds. From the results reported in this paper, it is concluded that: 1) the single most important factor inhibiting germination in seeds of Wild Olive is the presence of hard seed coats, and, 2) provided that the fruits are collected at their appropriate developmental stage and the hard seed coats are carefully removed, no germination stimulators are required for obtaining maximum percentage germination.

Kassa Semagn and Legesse Negash, 1996. Asexual propagation of Podocarpus falcatus through rooting of branch cutting 

Ethiopian Journal of Science 19 (2): 245-261

A method is now developed for the rapid propagation of Podocarpus falactus (thumb.) Mirb. (syn: Podocarpus grcilior Pilg.) through rooting of branch cuttings. Rooting capacity was found to be strongly correlated with the age of the source plants: the younger the source plants, the more efficient was the rooting response of the cuttings. Treating cuttings obtained from Class I source plants (1.5 to 2 years old), Class II source plants (4 to 5 years old) and Class III source plants (25 to 30 years old) with various concentrations of inndole-3-acetic acid (IAA), indole-3-butyric acid (IBA) and naphtaleneacetic acid (NAA) did not show significant effect (p=0.05) on either the number of rooted cuttings or on the number and length of roots. Anatomical investigations of the cuttings revealed that well-developed calli (formed through the de-differentiation of cells of lysigenous glands, cambial and pith cells) appeared within 1.5 to 2 months. Although the growth habit of stecklings was more like plagiotropic than orthotropic, those that had comparable initial above-ground length grew significantly faster (p=0.05) than the corresponding seedlings.

Abebe yadessa, Diriba Bekere and Benti Tadesse, 2000. Determination of optimum nursery soil mixture and pot size for Eucalyptus camaldulensis and Acacia mearnsii at Bako.

Proc. 5th ESSS conference, pp 157-166

A potting experiment was conducted on Eucalyptus camaldulensis Dehnh and Acacia mearnsii De Wild at Bako tree nursery. Four different soil mix ratios along with three pot sizes were compared on two promising tree species so as to determine optimum nursery soil condition for proper seedling growth. The experiment was laid out in split-split plot design with three replications - pot size (8cm, 10cm, and 12cm) as main plot, tree species (E. camaldulensis, and A. mearnsii) as sub-plot and soil mix proportion by volume (3 part local soil:2 part sand:1 part forest soil, 3 part local soil:1 part sand:2 part forest soil, 3 part local soil:2 part sand:1 part farm yard manure, and 3 part local soil:1 part sand:2 part farmyard manure) as sub-sub-plot. Results from the present study revealed that seedling performance was not considerably affected by difference in pot size, but significantly (p(0.01) affected by difference in soil mixture. As the main effect of pot size is not significant, it is therefore advisable to use smaller pots for raising seedlings at Bako for economic reasons. But since the interaction between pot size and tree species was significant (P(0.05) for survival rate, it is recommendable to use the 8 cm pot size for Eucalyptus camaldulensis, and the 10 cm pot size for Acacia mearnsii. There was a differential response of the tree species to the difference in nursery soil mixture; that is, a potting mixture with more farmyard manure was better for Eucalyptus camaldulensis (3 part local soil:1 part sand:2 part farmyard manure) than for Acacia mearnsii, but with more sand for the latter than for the former (3 part local soil:2 part sand:1 part farmyard manure). This could be due to the biological nitrogen fixing capacity of A. mearnsii and hence its ability to compensate for N in soils with less farmyard manure. The fibrous root nature of A. mearnsii also might have necessitated the need for sandy growing media as opposed to E. camaldulensis with tap root system. Although this was the case under nursery environment, the effect might be different under field condition after out planting. Therefore, further study is also required under field conditions to evaluate the field performance of seedlings raised under different nursery soil conditions. 

Abebe Yadessa, Diriba Bekere and Alemayehu Adugna, 2002. Effect of pot size and potting mixture on growth performance of Calliandra calothyrsus seedlings at Bako tree nursery

Proc. 4th FoSE conference, pp 107-113
A nursery potting experiment on Calliandra calothyrsus Meissn. was conducted at Bako, western Oromia, Ethiopia, in order to determine the optimum pot size and potting mixture for successful propagation of the species. The experimental treatment constituted three pot sizes (8 cm, 10 cm, and 12 cm) and four varying proportions of potting mixture by volume (3 part local soil:2 part sand:1 part forest soil, 3 part local soil:1 part sand:2 part forest soil, 3 part local soil:2 part sand:1 part farm yard manure, and 3 part local soil:1 part sand:2 part farmyard manure) laid out in a randomized complete block design with three replications. Results revealed that seedling performance was significantly (P(0.01) affected by difference in pot size and potting mixture, but the interaction between pot size and soil mix ratio was not significant except for shoot dry weight. Accordingly, the performance of Calliandra seedlings was significantly higher for the larger pots (10 cm and 12 cm) than for that of the smaller (8 cm). Moreover, seedling growth was significantly higher for potting mixture with higher farmyard manure (3 part local soil:1 part sand:2 part farmyard manure) than for those without farmyard manure (3 part local soil:2 part sand:1 part forest soil), but seedling survival was significantly higher for the latter (98.15%) than for the former (76.54%), which leads to the need for trading off between survival and seedling growth. Therefore, for practical purpose it is advisable use the 10 cm pot size and potting substrate with more forest soil together with some sand (3 part local soil:1 part sand:2 part forest soil). But the scenario might be quite different after out planting in the field, and hence further study is suggested in this area.

Abebe Yadessa and Diriba Bekere, 2001. Determination of optimum nursery soil mixture and pot size for propagation of Leucaena pallida: a promising browse species at Bako

Proc. 9th ESAP conference, pp 235-245

A pot experiment was conducted on Leucaena pallida Britton and Rose at Bako tree nursery. Three different pot sizes together with four different soil mix ratios were combined and compared to determine optimum nursery soil mixture and pot size that can serve as a basis for successful propagation of this promising browse species in the area. Treatments were polyethylene pots of different sizes (8 cm, 10 cm and 12 cm width when flat – all with 15 cm length) and soil mixtures of different proportions (3 part local soil: 2 part sand:1 part forest soil; 3 part local soil:1 part sand:2 part forest soil; 3 part local soil:2 part sand:1 part farm yard manure; and 3 part local soil:1 part sand:2 part farmyard manure on volume basis). The treatments were handled as 3*4 factorial experiment in a randomized complete block design (RCBD) with three replications. Results revealed that seedling growth was significantly affected by both pot size and soil mixture, but the interaction between them was not significant for the considered parameters except for germination rate. Accordingly, the performance of L. pallida seedlings was significantly higher for the larger pots (10 cm and 12 cm) than for that of the smaller (8 cm). Moreover, seedling growth was significantly higher for soil mixtures containing farmyard manure than for those with no farmyard manure, but seedling survival was significantly higher for the latter than for the former. This leads to the need for trading off between survival and seedling growth. The 10 cm pot size is the optimal size both economically and biologically. Therefore, it is advisable to use the medium sized pot (10 cm) and soil mixture without farmyard manure but with more sand and some forest soil (3 part local soil:2 part sand:1 part forest soil) as this was the best combination for optimal seedling performance in the nursery. But the case might be different under field condition after out planting, and hence further study is suggested in this area.

Diriba Bekere and Abebe Yadessa, 2002. Root deformity problems of widely grown tree seedlings in nurseries around Bako Agricultural Research Centre

Proc. 4th FoSE conference, pp 99-106

A study to assess the extent and type of root deformity in nurseries was conducted in June 2000 at five nursery sites (viz,Anno, Gindoo, Tibbee) around Bako Agricultural Research Centre. The tree species included in the assessment were Faidherbia albida, Acacia melanoxylon, Melia azedarach, Carica papaya, Casuarina equisetifolia, Coffea arabica 74-148, Coffea arabica 74-54, Cordial africana, Cupressus lisitsnica, Eucalyptus saligna, Greviilea robusta, Hagenia abyssinica, Jacaranda mimosifolia, Mangifera indica, Milletia ferruginea,Parkinsonia acculeata and Schines molle. For each species, 100 seedlings were randomly selected for the study. The result of the x2 test showed that the type and extent of root deformity varied significantly from species to species, method of sowing the seeds to the container, and from one nursery site to the other (P<0.01). The deformity ranged from 99% for Mangifera indica whose seed was transplanted from germination (or rotting) bed to 50% for Cordia africana whose seed was directly sown to the polyethene tube. Generally, of the entire tree seedlings studied only some of them (14%) had normal roots, whereas the majority (86%) had deformed roots. This show that root deformity problem was noticed whatever method of planting was used and whatever species was planted. The extent being higher for seedlings that were transplanted from germination bed than those directly sown in to pots. From this preliminary study, it is recommended if possible to sow seeds directly to polyethylene tube rather than transplanting from germination bed, which adds cost for pricking out in addition to the aggravated incidence of root deformity. But further study is required to assess the impact of nursery root deformity on the growth and survival of seedlings when planted out.

Abebe Yadessa, 2003. Strategy of Leguminous fodder tree seedlings to cope with poor nursery growing media. 

Proc. 10th ESAP conference, pp 277-291

A comparative study on six important multipurpose tree species (three leguminous fodder species and three other non-leguminous species) was conducted at Bako tree nursery, and they were raised under different nursery soils (growing media). The objective of the study was to investigate the response of these leguminous fodder tree seedlings with that of non-leguminous multipurpose tree seedlings to the different nursery growing media (potting substrates) in terms of growth, biomass yield and survival and assess their coping mechanisms under poor nursery soil situations. The growing media consisted of four soil mixtures of different proportions of local soil, sand, forest soil and farmyard manure based on volume. Seedling height, root collar diameter, survival, and shoot and root dry weights were measured. Results showed that the seedling survival of leguminous fodder species was significantly (p ( 0.000) affected by variation in the nursery growing media, but the non-leguminous tree seedlings were not affected. Seedling survival was lower in growing substrates with higher farmyard manure for the legume browse species, but no apparent difference was noticed for the non-legumes. Generally, the growth of seedlings in poor substrates was relatively better for the legumes than for the non-legumes, the former thriving more in substrates without farmyard manure, whereas the latter in substrates containing higher farmyard manure. This may be due to their biological nitrogen fixation and their capacity to compensate for N. This is an adaptation strategy of leguminous fodder tree seedlings to cope with poor nursery soils, as this was evidenced by significantly higher number (p ( 0.000) and weight (p ( 0.003) of nodules in substrates without farmyard manure as compared to those with farmyard manure. Therefore, growing media without farmyard manure are suitable and are recommended for leguminous fodder species, whereas those containing farmyard manure are suited for non-leguminous tree species in nurseries, and using farmyard manure for raising leguminous fodder tree seedlings is simply incurring an opportunity cost. 

Abebe Yadessa, Diriba Bekere, Nega Emiru and Teshome Takele, 2003. Seedling quality assessment for commonly grown tree seedlings at selected nursery sites around Bako, Oromia, Ethiopia. 

Proc. 7th AES conference 

The paper reports a survey of seedling quality conducted in June 2001 at five selected nursery sites in four districts (Gobbu Sayyo, Sibu Sire, Calliya and Bako Tibbe) of Western Oromia, Ethiopia.  The specific objective of the study was to get baseline information on seedling quality characteristics of the common tree species raised at different nursery sites using standard quality parameters. In this study, 13 tree species (Faidherbia albida, Acacia melanoxylon, Melia azedarach, Casuarina equisetifolia, Cordia africana, Cupressus lusitanica, Eucalyptus saligna, Grevillea robusta, Hagenia abyssinica, Jacaranda mimosifolia, Milletia ferruginea, Parkinsonia acculeata and Schinus molle) were included.  For each species, 100 seedlings were randomly sampled at each nursery site. Data on seedling height growth, root collar diameter and sturdiness index (the ratio of seedling height in cm to that of root collar diameter in mm) were assessed, and these were compared with the standard (recommended) ranges. A quality seedling generally has height ranging from 20 to 30 cm, root collar diameter 5-10 mm and sturdiness index less than 6 at planting time, and these are normally considered as standard ranges. Seedlings above these ranges were considered as oversized (above the required size), whereas those below these ranges were undersized (below the normal size). And seedlings with sturdiness index more than 6 were considered as undesirable or not sturdy (height growth not proportional to root collar diameter). Accordingly, results indicated that about 49% of the seedlings were overgrown, 26% below the normal range (stunted), and only 25% of the seedlings had their height growth within the recommended range. For root collar diameter, about 70% of the seedlings had poor growth, 4% above 10 mm, and only 26% of the seedlings were within 5-10 mm. Moreover, about 86% of the seedlings had undesirable sturdiness; that is, most of the seedlings were with height growth not proportional to root collar diameter. But this varied from species to species and from nursery to nursery. The paper concludes that the seedlings raised in most tree nurseries are of poor quality and this was considered as perhaps the most important factors for poor survival and growth of millions of seedlings planted every year in the country in general and in Western Oromia in particular.  The paper then recommends the need for more research into nursery management in general and an assessment of the quality of planting stock.

Review papers on agroforestry research 
Kidane Georgis, Teshome Regassa, and Niguse T/Michael, 1988. Research review on the adaptation of leguminous trees and shrubs and their suitability in alley cropping in the institute of agricultural research

Proc. National AF conference, pp 63-71

In Ethiopia the forest area is declining at a very fast rate, resulting in ecological imbalance, environmental degradation, and low-agricultural production. Population increase and subsequent increase in human needs for forestland and products and lack of appropriate technologies which integrate agriculture, forestry, and water and soil resources managements are some of the major causes. In view of this, some preliminary studies were carried out by IAR to select multipurpose leguminous trees and shrubs and to evaluate their suitability in alley cropping systems. The results indicate that Sesbania sesban, Lecaena lecocephala, and Cajanus cajan could be adapted to semiarid conditions of Ethiopia. The results further indicate that sorghum, wheat, faba bean, tef, maize, and haricot bean could be successfully alley cropped with these trees, producing equal or better seed and stover yield, for instance, was increased by 30% when alley cropped with Cajanus cajan compared to sole cropping. Substantial amount of dry matter, up to 3 t/(hs/year), was produced by the legume trees such as fuelwood, animal feed, green manure or mulch, etc. Therefore, these preliminary studies have revealed that there is a pressing research need for identifying MPTs and efficient management system of natural resources and agricultural practices such as agroforestry in Ethiopia.

Kindu Mekonnen, 1991. The role, potential and research needs of Agroforestry for dryland areas of Ethiopia

Proc. 1st national workshop on dryland farming research in Ethiopia, pp130-143

Agroforestry is basically a landuse strategy that integrates agriculture and forest production. Agroforestry plays important roles in increasing the sustainability of farming systems, production of fuel wood, production of animal fodder and cash products, and diversification of agricultural products. In Ethiopia, research on agroforestry is still in its infancy as compared to crop and livestock.incontrast to the highlands, the agroforestry potentials and research needs of the arid and semiarid areas of Ethiopia have not been studied. However, experiences in other countries like Kenya and India showed the potential of various agroforestry practices for dryland farming systems. Among agroforestry systems, alley cropping, scattered trees, windbreaks, gully plantation and sylvopastoral practices are suitable to the dryland areas of Ethiopia.

Badege Bishaw and Abdu Abdulkadir, 1989. Strategies for on-farm research in agroforestry in the Hararge highlands, Eastern Ethiopia. 
Proc. 1st NRC conference, pp 164-173

The aim of this paper is to identify appropriate technologies and methodo​logies

 for on-farm research in agro forestry for Harerge Highlands of eastern Ethiopia. The physical environment, cur​rent land use and socio-economic condit​ions of Harerge Highlands are described. Climate, low soil fertility, poor management practices, lack of improved varieties, shortage of land, lack of enough oxen and farm implements, infest​ation by diseases and insects, lack of rural infrastructure, and proper social services have been identified as factors limiting crop and livestock production in the region. To alleviate the low agricultural production, the following strategies have been proposed:

· improving soil fertility, developing better crop varieties,

· improving crop and soil management t practices,

· improving the productivity of live​stock through breeding, nutrition and veterinary services,

· increasing availability of agricul​tural inputs with low cost,

· generating and introducing alterna​tive appropriate technologies, such as agro forestry, and

· improving rural infrastructure and a conducive agricultural policy

Research results of traditional agro forestry, no conflicting multipurpose tree integration; alley farming and mixed agro forestry have been reviewed and discussed.

Alley farming, fodder tree planting, tree planting in home gardens and wood​lots, tree planting as live fences, on boundary and road sides, tree planting on contour bunds inside and along gul​lies and valleys have been identified as appropriate agro forestry technologies for Harerge highlands. Based on the study made, research and extension priorities are identified for on-farm research and development in the Harerge highlands.

Abebe Yadessa, Shiferaw Tadesse, Teshome Takele and Almayehu Adugna, ??. Recommended agroforestry research result in western Oromia: practical guidelines for the users

Research compilation of Oromia Agricultural research Institute

Trees are a fundamental element of life. They play a vital role to our lives. Food and fruits we eat, medicines extracted from leaves and barks, many industrial products, energy we use, shade from heavy sun heat, nutrient cy cling and recycling, etc., comes from forest. For thousands of years, men and trees cohabited quite peacefully. But in the recent centuries and decades, mankind has become a conquering predator, and the balances between man and nature have been broken. Currently, trying to heal this destructive relationship between men and trees is becoming the priority agenda in forestry research. Agroforestry is one of the means of healing such relationships. Agroforestry involves a close association of trees or shrubs with crops, animals and /or pasture. The success of agroforestry/forestry systems depends on the quality of their components. Therefore, developing appropriate forest and agroforestry management practices through research which can serve as guidelines for users is very important to conserve and utilize the country’s forest resources and scattered multipurpose tree species over different rural landscapes in a sustainable way. Research alone, however, can’t be an end in itself and it may not suffice. The research component should therefore be supported by strong extension system. In this paper, guideline for agroforestry research recommendations obtained from nursery management, species and provenance selection, alley cropping, scattered tree species, biomass transfer and taungya plantation system are presented. The objective of the paper is therefore to together agroforestry research findings and make available for the users in brief and usable way to assist the dissemination of these finding  

Abebe yadessa, Diriba Bekere, Worku Burayu, Tamirat Arficho and Dechasa jiru, 2001. Agroforestry-based maize production: Another option for sustaining maize yield

Proc. 2nd national maize workshop of Ethiopia

This paper is a summary of agroforestry research results related to maize production conducted by different institutions /organizations in Ethiopia. Its objective is to bring together scattered information and make it available for users, analyze gaps and indicate research needs for the future. The paper highlights major research findings on biomass transfer, alley cropping, and taungya and scattered tree systems where maize was used as intercrop. According to works reported so far, biomass transfer seems a promising agroforestry option for boosting maize production. But most agroforestry research works are at start and hence further investigations to strengthen the information base are of paramount importance in the future.

Reddy, M.S., and Kidane Giorgis, 1993. Dryland farming research in Ethiopia: Review of the past and thrust in the nineties.  

This report is thought of as compiling all available information on dryland farming pertaining to Ethiopia.  It is organised into a total of 12 chapters.  Chapter 6 has been selected for this compilation, for it was judged to be of direct relevance to the theme of the endeavour.  This chapter deals with the status of research on alley cropping of leguminous shrubs with annual food crops.  The chapter outlines the perceived advantages of including leguminous shrubs in the land use system of dryland areas.  The chapter has a positive assessment of the preliminary studies that had been conducted to determine the adaptation of selected leguminous shrubs (e.g., Sesbania sesban, Leucaena leucocephala, Cajanus cajan) and their suitability for alley cropping with food crops at research sites located in semi-arid areas.  The chapter recommends intensified research effort on different alley cropping systems with the view to confirming their known advantages and evaluating the extent of farmer level acceptability of the fodder from the leguminous shrubs.

Bashir Jama, Eyasu Elias, Kebadire Mogotsi, 2004. The role of agroforestry in improving food security and natural resource management: a regional overview

Paper presented on Mekele symposium on the rehabilitation of drylands forests in Ethiopia

Various agroforestry technologies are finding enormous application in the East and Central Africa (ECA) region and are lifting many out of poverty and mitigating declining agricultural integrated with inorganic fertilizers can double or triple crops yields in degraded lands, b) fodder trees that can be used in smallholder zero-grazing systems in ways that supplement or substitute commercial feeds, c) improved verities of temperate and tropical fruits that can used to supplement household incomes and nutrition  d) medicinal trees that are utilized on farm and conserved in-situ, and  d) fast-growing timber and fuelwood trees that can be grown in various niches with in the farm and in commercial woodlots and plantations. While thousands of smallholder farmers are using these technologies, we are yet to reach the millions that need them. To achieve this goal, the key challenges that we must address include supply of quality germplasm, responsive extension service, policies that provide adequate incentives for investments in planting trees and natural resource management, and access to markets. This paper presents promising institutional innovations for overcoming these challenges that could be used to scale up impact of agroforestry for managing better the complex nexus between poverty, food security, and natural resource management in ECA countries such as Ethiopia.

Biomass energy and energy policy in Ethiopia

Tumicha Bulguda, 1990. Charcoal technology

Proc. 2nd NRC conference, pp216-222

By Development Credit Agreement No 1704 ET, dated 14 October 1986, the International Development Association (IDA), World Bank, granted the government of Ethiopia the financial assistance for planning and implementing energy program that includes different energy sub-projects. The Charcoal Production Pilot Project (CPPP) is part of the Energy I Project being conducted by the Ministry of Mines and Energy, which is counterpart for IDA and responsible for project coordination and supervision. The project Implementing Unit of the Ministry of Agriculture is also responsible for the execution of the project.

The increasing scarcity and high cost of household cooking fuels as a result of inadequate and inefficient wood fuel production and marketing, management and infrastructure; the widespread and accelerating depletion of high-forest and savanna land –tree cover and the associated increasing soil erosion, as a result of wood fuel scavenging; the inefficient resource allocation in the power sub sector because of weak planning and economically sub optimal major investments; and the need to enhance the availability of skilled workforce are some of the issues that initiated the participation of the World Bank. Hence the reasons for IDA’s involvement are to assist the government to formulate and implement policies and program to improve the efficiency of the sector, to improve the macro-economic framework for the resource mobilization and allocation and an increase in production and exports, and to resolve the above-mentioned issues.

Trudy Konemund, 2002. The household energy crisis in Ethiopia: a possible way out

Proc. energy conference, pp 137-146 

Traditional energy sources in Ethiopia have played and will continue to play a major role in supplying energy for domestic purposes, mainly cooking, lighting and heating. Even though biomass fuels provide a renewable form of energy, they are heavily over-utilised thereby contributing to serious environmental degradation. The modern energy sector based on electricity and petroleum products and on conventional distribution structures has not been able to provide cleaner, healthier and more diversified energy services for the majority of the people in rural areas. More decentralised small to medium size renewable energy projects in the future could play an important role in complementing traditional biomass fuel use and improving the living conditions of the rural people. In the short and medium term, however, energy efficiency improvements in the household sector are the most important interventions to secure the energy supply of an increasing population while taking care for the environment. A successful stove dissemination project has been launched in Ethiopia involving the private sector in the production and commercialisation of an improved fuel saving injera stove. The example shows that energy efficiency improvements not only benefit the individual consumer, but also the economy as a whole with substantial positive impacts on the environment. 

Gebre Markos W/Selassie, 2002. Biomass supply enhancement options 

Proc. energy conference, pp 125-135 

Numerous problems have been, and still, facing the forestry sub sector, where depletion due to the existence of sedentary farming communities in the forest, and the growth of pastoralists and livestock population occurring in the woodlands. Forest resources are irrationally utilized for household consumption, clearing for cultivation and grazing in which forestlands are exposed to soil erosion and land degradation.

Energy is one of the most important basic commodities, which determines the progress, status and the well being of any society and deserves a considerable attention by both the government and the public in general. Wood, which is highly consumed by the households, is the preferred renewable and dominant source of energy in the Ethiopian economy. The production and consumption of wood fuel estimate indicated that, wood provided 78%, while dung and crop residues supplied 16% of the energy required. The gap between sustainable fuelwood supply and demand is continuously widening.

In this report, all problems related to forest conservation, development and utilization are identified and discussed in detail. The required remedial actions are also pointed out and well recommended for future undertaking.

Asres W/Giorgis, 2002. Overview of energy status and trends in Ethiopia 

Proc. energy conference, pp 81-92

The purpose of this paper is to provide background information on the status and trends of the energy sector of Ethiopia. Resource potential of non-conventional and conventional energies is discussed in broad, as the knowledge of the resource is the basis for making the appropriate choice or to prioritise the types of resources to be developed. And, this is important for any one involved in the field of energy research and development activities.

A picture of the energy supply and consumption is presented and emphasis is given to the discussion of the role of traditional and modern fuels in the activities of various economic sectors. A brief account of the energy demand and implications of the prevailing trend is also presented. Putting notes of recommendations, which likely help improve the energy sector of the country, concludes the theme.

Aleazar Tilahun, 2002. Is fuel wood energy the future prospect for Ethiopian poor?

Proc. energy conference, pp 94-116 

Non-timber forest products are the major sources of energy for millions of Ethiopians. On the other hand desertification and deforestation along with policy imperfections are the challenges of the forestry sector. 

This study assessed the fate of fuelwood as energy source in Ethiopia. The study also made comparative assessment of the growth rates between the deforestation and contribution of forestry sector to gross domestic product (GDP). Compound growth rates and 1st degree functional relationship were applied. The results of this study made clear that the fuelwood requirement of the poor is impossible to achieve. It is evident from this study that huge amount of afforestation work (796,122 ha/year) should be done in the country. Otherwise, Ethiopians’ per capita share of forest area will be nil within the coming 25 years.

Thus, policy priorities should be given to technological alternatives rather than still considering the fuelwood sector as a major solution for millions of Ethiopians. Along this line, research and development in the utilization of biogas and solar energy should be emphasized.

Zenebe Gebreegziabher, 2004. Adoption and diffusion of improved stoves and the rehabilitation dryland forests in Ethiopia

Paper presented to the symposium on the rehabilitation of drylands forests in Ethiopia: ecology and management. Mekele University, September 2004

Abstract

Land degradation in general and deforestation in particular should not be viewed as a one way street, but as the result of an imbalance between the various forces acting positively and negatively, in which both human and natural factors are involved. As in Angelson, (1999) and Wright and Yeshinigus (1984) and clearing in search of arable land and tree feeling for fuel wood, appear to be the two most important causes for the degradation of tropical/dry land forest. Besides the stove technologies that are in use (cf.the traditional open fire tripods) have a very low efficiency and about 85 to 90 percent of potential energy is wasted. This implied an increased demand for biomass fuels and, hence, an increased pressure on the natural resources.

The solution to this problem could be either on the supply or the demand side or on a combination of both. On the supply-side, encouraging/promoting private property and community-based arrangements such as private tree planting, farm-forestry, establishment of closed areas, etc. might be seen as options. On the demand –side, promoting fuel-efficient stoves (technologies) could be envisaged. In light of this, there have been attempts to introduce and disseminate improved stoves in Ethiopia (UNDP and World Bank, 1984). The results achieved, however, appear to be far from being sufficient. The choice of appropriate instruments(s) also requires a clear understanding of the behavioural factors underlying the adoption and diffusion of fuel-efficient stoves/technologies. The motivations in here are, therefore, to explore the economic/behavioural factors underlying the adoption and diffusion of improved stove in Ethiopia, by way of establishing the link between adoption and diffusion of stoves and the rehabilitation of dry land forests.

For empirical analysis we used a cross-section dataset of 200 farm households from the highlands of Tigrai. Technology adoption and the extent to which the technology is used efficiently were modelled as two stage decisions. Preliminary findings suggest the need for agro-ecology based interventions as well as better orientation/streamlining of improved stove extension and R&D, so as to achieve meaningful results.

Fitsum Hagos, Stein Holden and Arlid Angelsen, 2004. Household biomass fuel consumption in northern Ethiopia: implications for forest development

Paper presented to the symposium on the rehabilitation of drylands forests in Ethiopia: ecology and management. Mekele University, September 2004

Abstract

Biomass fuels are the most important source of energy in developing countries. Fuelwood shortage is regarded as a major cause of deforestation and land degradation. There is a conjecture that promotion of tree-based systems may help alleviate the growing fuelwood problem. However, this requires, among others, a proper understanding of the factors that influence households’ choice of energy sources among different sources. The paper addresses factors that determine rural households’ dependence on different sources of fuel. We focus on two major types of energy namely woody biomass and animal dung. We also disaggregated energy types in to those harvested from communal areas and private woodlots (self production) to examine whether different factors influence households’ choice of fuel sources from these sources. We applied econometric models with different assumptions on the correlation of the error terms in the individual consumption regressions. Moreover, we accounted for the fractional nature of the dependent variable in the equation by-equation estimation.

Regression results indicate the importance of cross price effects, transaction costs caused by wood scarcity, institutional factors and household endowments in terms of labour and livestock holdings and level of labour and non-labour income in determining the choice on and /or the mix of fuel types. Policy implications for forest development strategies are drawn. Key terms: fuel consumption, shadow wage of labour, shadow price of fuel wood, fractional response model, seemingly unrelated regression (SUR), Northern Ethiopia, Africa.

Getachew Olana, 2002. Some Socio-Economic Aspects of biomass Energy in Ethiopia: A Review 

Energy Conference 2002

Abstract 

In Ethiopia, the household sub-sector is the major consumer of energy and almost the entire energy demand of this sub-sector is met from biomass sources. Poverty, the state in which about half of the population of Ethiopia is existing, is instigated, among the others, by the fast degradation of the natural vegetation of the country. The ever-increasing need existing for biomass energy is among factors that constitute the top causes of this degradation. All regions of the country are in short of biomass energy supply to meet their current level of demand. In year 2014, the supply of fuel wood for the country is estimated to be only about 10% of the demand. Therfore, the fact that scarcity of the biomass energy on one hand and the continuously increasing fuel prices on the other are suggesting that, timely and continuing interventions are required to halt the household energy problem in this country. Not withstanding complaints regarding its inadequacy, some policies and strategies have been issued and a couple of institutions have been intervening to ameliorate the problem.

This paper reviews some theoretical and empirical works undertaken, principally domestically, in the area of socio-economic aspect of biomass energy. It indicates that, in an attempt to improve efficiency of the use of the available energy, some technologies that are proved to be technically sound were adapted and introduced. However, responses of the intended target groups have not been encouraging. Incompatibility of the innovations with circumstances of the target group and other factors that are related to approaches, institutional and policy matters are identified to be behind the unsatisfactory responses.

Tsegaye Bekele, Demel Teketay and MulualemTigabu, 2004. The value of non-timber products to the local people and its implication for rehabilitation of the Gara Ades forest reserve, eastern Ethiopia
Ethiopian Journal of Natural Resources 6 (1): 123-140

Forests provide non-timber forest products (NTFPs) that could contribute directly to the well being of the community. They are vital to the local economy and useful for the rehabilitation and conservation of the environment. Gara Ades is an afromontane forest, known for its high floristic composition. The purpose of this study was to identify the value of NTFPs in the subsistence economy and examine the ecological role of NTFPs in sustaining the forest. The study was carried out through interviews with the local people residing around Gara Ades forest and identified types of NTFPs harvested from the forest. A market survey was also conducted to see the potentially marketable NTFPs in the vicinity. The result of the survey showed increased decline of the forest cover due to selective timber harvesting. The results of the study indicated that the amount of income obtained from the final sale of NTFPS is generally low. However, there is a distinct seasonality to the harvesting and marketing of NTFPs, with increased consumption during times of adversity and low agricultural production. Moreover, greater illegal timber harvesting and expansion of agriculture due to population increase have resulted in a decrease of the forest cover. Therefore, there is a need to enrich the forest by planting species that can provide shelter for varieties of NTFPs and livelihood support of the local people.

Jose Luis Vivero PoI, 2002. Forest is not only wood: the importance of non-wood forest products for the food security of rural households in Ethiopia
Proceedings of the 4th annual conference of Forestry Society of Ethiopia; pp 15-31

This paper examines the present role of Non-Wood Forest Products (NWFP) in food diet and income diversification of rural poor household in Ethiopia. Non-farm activities based on NWFP represent a high percentage of total income among poor rural household, being especially quite important for rural women, the poorest sector of farmers, and during periods of hardship and droughts. The educational level fundamentally determines the involvement in these activities. The availability of raw materials, the market isolation and the transport costs; and the importance usually lies more in its timing than in its magnitude. These activities have a number of important characteristics in common: small size, household-based, accessible to the poorest; labor intensive, and little capital. Specific sections are devoted to the importance of NWFP to household diet (medicinal plants included); as well as the contribution of animal resources (honey, civet farming and game hunting) and non-wood forest products (bamboo, natural gums, wild spices and essential oils) to income diversification and forest based small-scale enterprise. Women’s role in forest-based activities is examined, outlining the importance in generating income independent from their male counterparts. The poorest classes of pastoralists remain very much dependent on these NWFP present in the bush, here called non-livestock activities. 

Toon Rijkers, Frans bongers, Frank Sterck and Freerk Wiersum, 2004.  Frankincense, myrrh,and gum arabic: sustainable use of dry woodland resources in Ethiopia

Paper presented to the symposium on the rehabilitation of drylands forests in Ethiopia: ecology and management. Mekele University, September 2004

More than half of the total land area in Ethiopia is arid to semiarid with marginal or no agricultural potential. Overexploitation of natural resources is common, and the degradation of natural resources further limits local livelihood options. This negative trend may be further intensified due to climate change.

In reality the dry lands in Ethiopia are not as resource poor as perceived. They host several woody species that hold economically well recognized aromatic products such as gum Arabic, frankincense and myrrh, which are widely used locally and in several of today’s commercial industries, such as cosmetic, pharmacologic and food industries. Gum/resin production could significantly contribute towards sustainable development of these marginal dry lands. However, improper land use (overgrazing, over-harvesting of gum/resins and wood) threatens the sustainability of the woody vegetation, and as a result of that also the long –term gum/resin production.

The often-dominating perspective of poverty forcing local communities to overexploit their forests resources has gradually been complemented by a perspective of local communities maintaining forest resources on the basis of their forest-related values and indigenous knowledge systems. Resource degradation and sustainable use of resources should therefore be considered as referring to a continuum in people- forest interactions characterized by partly overlapping processes of degradation, resource conservation, and resource enrichment. As a result, often a mosaic in forested landscape units is created, each having its specific ecological conditions.

The presented research program addresses the following main research question: in what way dry land forests in Ethiopia can be made productive while maintaining ecosystem integrity in terms of sustainability of production and vegetation cover, with special attention to resin and gum resources?

Frans Jacobs, 2004. Scope for non-wood forest products income generation from rehabilitation areas-focus on beekeeping

Paper presented to the symposium on the rehabilitation of drylands forests in Ethiopia: ecology and management. Mekele University, September 2004

Apiculture is recognised by the FAO as an agro-industry which provides great promise for income- generating activities in developing countries. A truly sustainable agriculture is a diversified one, because it is much less vulnerable to unpredictable, variable economic and climatic conditions. In this sense, apiculture in all its aspects is an integral part of a truly sustainable economy, on the national level, as well as the individual farmers’ level. Beekeeping can increase the annual income of a farmer by 30-505. Beekeeping is so appropriate and worthwhile for developing countries because of the following aspects:

· Honey and beeswax are useful and valuable commodities.

· Pollination by honeybees means good harvests of nearby crops.

· Expensive equipment is not necessary

· Requirements for hives and basic equipment can stimulate business for local trades.

· Bees feed on pollen and nectar in flowers. They therefore do not require other food supplies.

· The nectar and pollen that bees collect are not used by any other livestock and represent a resource, which would otherwise not be exploited. Bees collect from cultivated and wild flowering plants. Even wasteland areas can therefore have value for beekeeping.

· Basic beekeeping techniques are easy to learn.

· Bees do not require daily attention.

· Bees do not take up valuable land. Hives are placed in trees, on wasteland, or on flat rooftops. This makes beekeeping feasible for small-holders and landless people.

· Beekeeping can be practiced by males and females of all age groups. 

· Beekeeping helps to generate self-reliance. The formation of beekeeping associations or co-operatives can encourage contacts between a group of people.

In Ethiopia, honey is widely used as food and as an important of traditional medicine. Up to now, honey is mainly collected in the wild. Recently, modern techniques have been introduced. Truck holes are replaced by artificial hives, which are in fact boxes made by carpenters. They are placed in the natural vegetation or plantations in order to be colonised by wild honeybees. Honey harvest leaves the bees and the hives untouched. The new method does not harm the environment and guarantees higher yields. The recently introduced modern techniques are not yet widespread and do not address all problems and needs farmers are faced with. It should be pointed out to the farmers that a little investment can be very remunerative, and that the cost/benefit ratios are to their advantage. The main problems to be solved are the following:

· Lack of knowledge on bee races

· Primitive equipment and bee management

· Need for processing methods

· Lack of knowledge on local ‘ wild bees and plants’ and the role of bees in pollination of the local vegetation.

Studies, as proposed in this project, may reveal new multipurpose crops. Plantations of bee plants could enable the production of mono flora honey. Low external input agriculture (LEIA) provides a wealth of possibilities to introduce bee plants. Pollination by bees will lead to improved crop yields. Government-driven reforestation programmes could plant nectar and pollen producing trees and shrubs. Based on a flowering calendar, the honey harvest season could be extended to the entire year (whereas now it is often limited to the rainy season).

