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Abstract 

The study aimed to evaluate the growth performance of selected multipurpose trees and shrubs in the East Shewa and West Arsi 

Zones of Oromia, Ethiopia, emphasizing site-matching adaptation for agroforestry systems. Four species, Gliricidia sepium, 

Leucaena pallida, Millettia ferrugenia, and Tephrosia candida were chosen based on their availability and suitability for local 

conditions across two specific agroecology, namely lowland and midland. All tree seeds underwent nursery management before 

planting, and uniform planting procedures were followed at the trial sites. A spacing of 2 x 2 meters was used for planting all 

selected tree and shrub species. Results indicated that all species survived at trial sites, with survival rates ranging from 55.6% 

to 90%. Gliricidia sepium achieved a height of 131.5 cm and a survival rate of 83.3% at the Adami Tullu site, while Leucaena 

pallida reached a maximum height of 403.2 cm, demonstrating potential in lowland conditions. Millettia ferrugenia exhibited 

significant growth with a diameter at breast height of 3.434 cm and a height of 441.7 cm in lowland areas. Tephrosia candida 

performed better in midland conditions, reaching a height of 295.0 cm and a survival rate of 88.89%. In conclusion, Gliricidia 

sepium and Leucaena pallida performed well at both Negelle and Tullu sites, while Millettia ferrugenia showed the best 

performance at the Tullu site. Tephrosia candida highly performed at the Negelle site, representing midland ecology. The findings 

underscore the importance of adaptive trials in enhancing site management and optimizing the use of multipurpose trees and 

shrubs in agroforestry practices, thereby improving soil health, biodiversity, and community livelihoods. Finally, recommend 

incorporating these species into various agroforestry practices while considering broader growth factors. 
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1. Introduction 

Ethiopia is characterized by excessive land resource degra-

dation, low agricultural productivity, intense demands for pro-

ductive natural resources, and recurring food insecurity prob-

lems. These have in turn contributed to the unsustainable use 

of natural resources, accelerated soil erosion, and widening of 

desert-like drought conditions [18].  

Smallholder farmers in tropical regions including Ethiopia 

where climate risks and land degradation are severe can ben-

efit from agroforestry as a “multifaceted solution” for both cli-
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mate change mitigation and adaptation. By intentionally inte-

grating trees with crops and livestock, agroforestry can en-

hance soil fertility, increase carbon sequestration, and diver-

sify livelihoods. [2].  

Agroforestry systems enhance soil fertility, reduce erosion, 

and boost biodiversity by providing habitats for various organ-

isms [3, 13]. They aid in climate change mitigation through 

carbon sequestration and improve resilience against climate 

extremes [11, 19]. Additionally, agroforestry increases agri-

cultural productivity, stabilizes rural incomes, and improves 

food security by diversifying income through products like 

fuel, fruits, and fibers [16, 17]. 

By combining crops or livestock with trees, agroforestry of-

fers a sustainable land management approach that helps alle-

viate environmental degradation while providing economic 

benefits. The use of Multipurpose Tree Species (MPTs) within 

these systems can reduce soil erosion and deforestation, con-

serve water, and enhance soil health [1]. MPTs also generate 

diverse income through non-timber forest products (NTFPs) 

like fruits and seeds, supporting local communities. 

A wide array of solutions suggested this overall degradation 

as tree plantation is among it [8]. The only solution to arrest 

the worsening environmental deterioration and wood shortage 

crises in Ethiopia is to adopt stringent environmental protec-

tion schemes and embark on aggressive plantation establish-

ment programs. Given the rather limited experiences in and 

resource-intensive nature of large-scale plantation manage-

ment, integration of multipurpose tree and shrub species 

(MPTSs) in the existing land use systems holds great potential 

[6]. Integration of multipurpose tree and/or shrub species in 

the farm units can also significantly contribute to sustainable 

land management and livelihood [10, 15]. 

Promoting multipurpose tree species that align with local 

farming systems is crucial for improving the livelihoods of ru-

ral communities. In Ethiopia, various institutions have con-

ducted trials to screen these species in different agro ecologi-

cal zones. However, the findings often fail to reach or gain 

acceptance in many farming communities [7]. 

To effectively introduce multipurpose trees into agrofor-

estry systems, these trees must meet specific objectives and be 

suited to the biological conditions. Selection should focus on 

both identifying suitable species and thoroughly characteriz-

ing their provenances. This requires long-term research to 

maximize the potential contributions of multipurpose trees 

(MPTs) to agroforestry. 

The selection process begins with matching tree character-

istics to site conditions. While over 2,000 woody species have 

been identified as useful MPTs, only a few are widely known 

and utilized, with many still awaiting exploration of their full 

potential [12].  

Presently, farmers of the study area and surrounding depend 

on only a few numbers of species for tree products and ser-

vices. However, according to [7], relying heavily on a few spe-

cies has risks and impacts on the productivity and sustainabil-

ity of farming systems. A wider range of tree and shrub species 

would ensure resilience and decrease sensitivity to pests and 

diseases. 

The attempt to evaluate MPTs’ performances and select 

those trees for both their products and services has not yet 

been done in the area. Therefore, this activity is designed with 

the following objectives. 

2. Objectives 

1) To select site matching promising multipurpose 

trees/shrubs in the study area 

2) To evaluate growth performances of potential multipur-

pose trees/shrubs under study condition 

3. Materials and Methods 

3.1. Description of the Study Area 

The study was conducted in the two representative altitudes 

in the two zones i.e., Adami Tullu representing lowland alti-

tudes, and Negelle Arsi midland altitude. 

Adami Tulu district lies between 7° 9'N lat, 38° 7'E long; 

elevation 1650 m above sea level. The mean annual rainfall 

and temperature of the area are 760.9 mm and 19.8°C respec-

tively. The pH of the soil is 7.88. The soil is fine sandy loam 

in texture with sand, clay, and silt in proportions of 34, 48 and 

18% respectively (ATARC, 1998). The altitude ranges from 

1500-2300 m.a.s.l. Adami Tulu Jido Kombolcha Woreda has 

semi-arid and arid agro-climate zones. The Woreda receives 

an average annual rainfall of 760 mm. The mean monthly tem-

perature varies from 18.5°C to 21.6°C with a mean yearly tem-

perature of 20°C. Rainfall extends from February to Septem-

ber with a dry period from May to June, which separates the 

preceding short rains from the following long rains [4]. The 

study area has three land use systems: crop lands controlled 

grazing lands with closed areas, and communal open-access 

grazing land [9]. 

Negelle Arsi District is situated at a latitude of 7°09’ N to 

7° 41’ N and 38°25’ E to 38°54’ E and an altitude ranges from 

1500 to 2300 meters above sea level (Negele Arsi Agriculture 

and Rural Development Office, 2013). It is located 225 km 

South of Addis Ababa the capital city of Ethiopia. A continu-

ous transformation of landscapes from natural forests to culti-

vated lands exists. The average rainfall ranges from 800 to 

1400 mm with the average minimum and maximum tempera-

ture is 15°C and 20°C respectively. The rainfall is bimodal, 

the long rain occurs from June to September and the short rain-

fall is from March to April with the highest usually recorded 

in July and August, respectively. Arsi Nagele district is di-

vided into three major climatic zones based on altitude includ-

ing low, mid, and high altitudes. The mixed crop-livestock 

system is the mode of agriculture in the district. 
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Figure 1. Map of the study area. 

3.2. Multipurpose Trees and Shrub Species 

Selection 

A total of about 4 multipurpose tree and shrub species were 

selected based on their planting material availability and avail-

able sites for planting. The selected multipurpose trees and 

shrubs have multiple roles for soil conservation and reclama-

tion, Trees for livestock feed/fodder trees, Trees for live fences, 

Trees for landscape beautification and/or shade trees, Trees for 

honey bee flora, & etc. Their seeds were obtained from Bako 

Agricultural Research Center, ILRI, and locally available seed 

sources. The candidate Trees and shrubs include Gliricida se-

pium, Tephrosia candida, Milletia ferrugenia, and Leuceanea 

pallida. 

3.3. Planting Design and Field Management 

Nursery practices were done in advance of a target planting 

season so that seedlings were ready by the beginning of a par-

ticularly rainy season. The planting pit was prepared by dig-

ging the ground hole. Accordingly, a 2 x 2 m spacing was used 

for planting all selected tree and shrub species. Hence, a total 

of 27 plants per site for a single species were planted. Fencing 

and regular weeding were done to protect trees and shrubs 

from browsers and reduce competition, respectively. 

 

3.4. Data Collection and Management 

Planted multipurpose trees and shrubs were evaluated for 

early seedling survival rate, development, and growth perfor-

mance of plant parts like length, root collar diameter, or diam-

eter at breast height/DBH, and crown width. 

3.5. Data Analysis 

Data was analyzed using SAS V.9 ANOVA Procedure (one-

way ANOVA) and least significant difference (LSD) of means 

at a 5% alpha level of significance. 

4. Results and Discussion 

Figures 2 and 3 below show the average climatic parame-

ters of the experimental sites for the last five years, including 

the present time. This is important to discuss and give judg-

ment on how the evaluated species performance is sometimes 

better at the lowland than the midland, and the expected aver-

age rainfall is higher than the lowland. The diagrams showed 

that the Tullu site rainfall is single-modal modal while the 

Negelle site is Bimodal. The rainfall in the summer season, 

starting from June almost showed a similar trend and closer 

records. This brings the similarity of growth performances of 

species between two varying altitudes because the planting 

season is the same for both ecologies. 
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Figure 2. Tullu site (ATARC) Climatic diagram (Source: MarkSim, DSSAT Weather file generator). 

 
Figure 3. Negelle site (ATARC) Climatic diagram (Source: MarkSim, DSSAT Weather file generator). 

Table 1. Summary information of the species' years of evaluation. 

Species Plant form Year evaluated 

G. sepium Shrub two 

L. pallida Tree three 

M. ferrugenia Tree three 
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Species Plant form Year evaluated 

T. candida Shrub three 

 
Figure 4. Field performance of the evaluated multipurpose trees and shrubs. 

G. sepium has shown statistically no significant variation in 

all growth parameters evaluated for one year. However, nu-

merically its Height, canopy growth, and survival rate at 

Adami Tullu have shown higher mean differences than Neg-

elle sites. This is probably due to the short year of evaluation 

as it was challenging to obtain the planting material in the first 

year. The similar values of the evaluated shrub parameters 

show the potential growth performance at both ecologies. 

However, numerically its Height and canopy growth at Adami 

Tullu have higher mean differences than Negelle sites. 

Table 2. Gliricidia sepium growth performance at both sites. 

Sites RCD_mm Height_cm Canopy width_cm Survival rate% 

Lowland (A/Tulu) 22.62 ±1.56 131.50 ±1.65 77.71±3.71 83.33 ±7.86 

Midland (Negele) 22.66 ±1.88 111.33 ±10.02 66.50 ±7.37 77.778 ±0.00 

CV 11.2 23.3 21.7 5.7 

LSD (0.05) 0.04 20.17 11.21 5.6 

P-value ns ns ns ns 

 

L. pallida showed no statistically significant difference, 

while there was a high numerical difference in almost all 

growth parameters at lowland A/Tullu (Table 3). This shows 

the potential of the tree in lowland ecologies. Even though 

comparison across sites is not appropriate for such species 

outside of their places seeing the sites in which they were 

grown well is important. Mukangano (2019) reported the spp. 

grows well in the altitudinal range b/n 1000 up to 2000m, 

which is between 16 and 21 degrees Celsius almost similar to 

the ecology of the study. This is in line with [14] that L. pallida 

can adapt to challenging environments and mentioned soil fer-

tility status and climatic conditions are the key growing fac-

tors. The tree/shrub height also falls in the height range by [12] 

mentioned its growth of 3 – 7 m. 

Table 3. Leuceanea pallid growth performance at both sites. 

Sites DBH_cm Height_cm Canopy_cm Survival rate% 

Lowland (A/Tulu) 2.461±0.31 403.2±79.1 221.32±6.80 77.8±19.2 

Midland (Negele) 1.9773±0.14 312.3±41.9 190.4±28.7 66.67±11.1 

CV 11 17.7 10.1 21.8 
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Sites DBH_cm Height_cm Canopy_cm Survival rate% 

LSD (0.05) 0.5523 143.53 47.3 35.6 

P-value ns ns ns ns 

 

M. ferrugenia obtained high growth performance in all 

growth parameters and statistically significant difference in 

dbh and height at A/Tullu irrespective of the Negelle midland 

site (Table 4). Statistical and numerical comparison for this 

spp. is possible because the tree is among Indigenous ones and 

the Negelle midland site is expected as a better-growing ecol-

ogy than the lowland Tulu site. The low survival of M. ferru-

genia at Negele is not because the tree is poorly performed at 

ecology. There was a highly competing grass rhizome in the 

site is one of the underlying factors for the low survival it. In 

terms of branch growth, numerical difference obtained with 

the highest at the lowland A/Tullu site. This shows the tree can 

be a potential resource in the lowland altitudes. The reason 

behind is that the rainfall pattern of the sites was almost 

showed similar resulting even better performances at lowland 

ecologies as their major problem is shortage of rain. 

Table 4. Milletia ferrugenia growth performance at both sites. 

Sites DBH_cm Height_cm Canopy_cm Survival rate% 

Lowland (A/Tulu) 3.434±0.778 a 441.7±53.5 a 147.8±48.8 62.96±16.97 

Midland (Negele) 1.404±0.259 b 212.5±109.6 b 137.3±40.7 55.6±15.7 

CV 24.8 21.1 31 27.6 

LSD (0.05) 2.1 234.2 17.5 7.4 

P-value * * ns ns 

 

Tephrosia candida showed a statistically significant differ-

ence in Height, and canopy growth (branch biomass), with the 

highest number of lateral branches recorded at the Negelle site 

(Table 5). It also obtained numerically the highest survival 

record (almost 90%) at the midland Negelle site. This shows 

the highest potential growth ecology for T. candida is midland 

ecology than the lowland one. The highest survival rate and 

biomass production are in agreement with [7] as the shrub has 

a high potential for biomass production and survival rate. 

Since Tephrosia has shown a numerical difference and sta-

tistically significant difference in growth performance at the 

Negelle site, its plant tissue analysis was conducted as in Table 

6. The result is still far beyond the finding of [5] obtained an 

average dry matter of 20-22 kg. This shows that T. candida 

has huge and varied growth potential across a wide geograph-

ical area. 

Table 5. Tephrosia candida growth performance at both sites. 

Sites Height_cm Canopy_cm Main branch no. Lateral branch no. Survival rate% 

Lowland (A/Tulu) 212.8±46.0b 208.0±29.3b 7.667±1.528 64.33±6.5b 62.96±16.97 

Midland (Negele) 295.0±13.2a 283.3±36.4a 9.667±1.528 118.8±12.4a 88.89±11.11 

CV 13.3 13.5 17.6 10.8 18.9 

LSD (0.05) 76.7 74.9 3.5 22.437 32.559 

P-value * * ns ** ns 
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Table 6. Tephrosia candida plant tissue analysis for Negelle Site. 

Sample DM% ASH% OM% N% CP% 

200gm 86.1 10.3 89.7 2.6 16.4 

 

5. Conclusion and Recommendations 

5.1. Conclusion 

To date, studies have focused on selected multipurpose trees 

and shrubs aimed at developing effective management tech-

niques for cultivation. These studies have investigated the 

growth performance and productivity of these trees. Specific 

growth characteristics were observed at two different altitudes, 

leading to key results regarding their development. 

G. sepium in one-year early growth performance showed al-

most the same growth performance and survival in the two sites. 

L. pallida growth is impacted not only by soil fertility status and 

climatic conditions but also by overall site quality in terms of 

competing vegetation is very important. It also obtained wider 

growth performance over the evaluated sites. Tephrosia candida 

obtained potential growth in midland ecology than the lowland 

one. M. ferrugenia, a fast-growing endemic leguminous tree has 

also shown potential growth at lowland than midland though 

there are other underlying sites and climatic factors. Overall 

changing climatic variability has an impact on all evaluated tree 

and shrub species. 

In terms of survival, almost all species survived to their 

planted sites meeting the minimum survival rate of 50%. Except 

for T. candida at the lowland Tulu site, all evaluated species can 

be screened for future research and development considerations 

at the sites. 

5.2. Recommendations 

1) Effective management characteristics help show the cli-

max potential of this species within respective altitudes or 

agro-ecologies particularly M. ferrugenia at both altitudes, 

T. candida at A/Tullu, and L. pallida at Negelle midland 

altitude. 

2) Moving forward with this species with appropriate agro-

forestry practices in their potential altitude/agro-ecology 

is appreciable for various economic and environmental 

benefits. 
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