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Abstract: Prior integration of any tree/shrub species in a given land use system there is always the need of undertaking a
field trials for the adaptability and growth performance evaluation for particular environment. Study was designed and
conducted to evaluate the adaptability potential and growth performance of six nitrogen fixing tree/shrub species in Dello-
menna district of Bale zone, southeast Ethiopia. The considered species in the study are Cajanus cajan, Flemingya
macrophylla, Gliricidia sepium, Sesbania sesban, Calliandra calothyrsus and Leucaena leucocephela. Seedlings were produced
in a nursery site and transplanted to the experimental site. The experiment was laid out in RCBD design with three replications,
and the management practices employed uniformly for each species throughout the stud period. In the study the necessary
growth performance data parameters; plant height, root collar diameter and survival rate were measured and recorded.
Thereafter, the data was analyzed by GenStat (15™ ed) and Excel computerized programs. Results obtained showed that, these
growth performance data parameters were significantly (p < 0.05) varied among the tested species. In this respect, Flemingya
macrophylla, Sesbania sesban, Gliricidia sepium and Cajanus cajan attain the higher mean values in survival rate, plant height
and root collar diameter. While Leucaena leucocephela and Calliandra calothyrsus attain the lowest mean values for the entire
growth performance parameters. Hence, it can be inferred that the study site matched well with the environmental requirement
of F. macrophylla, S. sesban, G. sepium and C. cajan. The species therefore offers much promise for future use in any of
agroforestry practices in the area. However, evaluation of their contribution to soil fertility improvement and crop yield needs
to be further investigated as this may insights to know their nutrient provision potential while integrated together with annual
and/or perennial plants in agroforestry land use system.

Keywords: Agroforestry, Plant Height, Root Collar Diameter, Survival Rate

dwindling from time to time due to an over exploitation of
the woody and non-woody products by the local community.
Indeed, the area is now characterized by soil degradation,
habitat fragmentation and biodiversity losses [2, 11, 12]. The
integration of woody species in agricultural landscape could
reduce the pressure on the surrounding natural forest. For
instance, agroforestry, which combine forestry and
agriculture, have the capacity to sustain the productivity of
farmlands [6]. Moreover, the system could also serve as
buffer zone for forest degradation and deforestation.

1. Introduction

In sub-Saharan Africa (SSA) expansion and intensification
of agricultural lands in effort to feed growing population is
the major cause of land degradation and soil fertility [7].
Ethiopia with a population of 94.351 million, is one of the
sub-Saharan countries where the problem is becoming
serious in many parts of the country [8]. In Southeast
Ethiopia, Bale zone has long been known by its wide range
of forest resource coverage. However, the resource has been
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The most decisive factor for the successive Agroforestry is
the choice of suitable useable tree/shrub species. Nitrogen
fixing (legume) tree/shrub species are found to get popularity
because of their fast growth, reducing fertilizer needs and
coppicing behavior [9]. However, this will be effective if the
right species planted in the right place as their adaptability
potential strongly dependent up on the local climatic
conditions and soil characteristics [4, 10]. This has pointed
that, prior planting of any tree/shrub species in a given agro-
ecology there is always the need of conducting a field trials
on the suitability of the species for a particular site focusing
on their adaptability and growth performance.

In many parts of Ethiopia, studies on adaptability and
growth performance of tree/shrub species have been conducted
[4, 5]. However, in Dello-menna district of Bale zone,
southeast Ethiopia, such experiments have not been yet
conducted. This has been resulting that, plantation effort which
has been undertaken by different stakeholder in the area to be
restricted on a narrow range of tree/shrub species. Hence, this
calls the introduction and evaluation of more alternative
tree/shrub species via test of trial so as to diversify the options
available and reduce the risks of over dependency on fewer

species. The species may also offer an opportunity to develop
better productive agroforestry land use system, importantly to
solve the continuum soil degradation problem of the area. In
realizing this, study was planned and undertaken with an
objective of evaluating the adaptability potential of nitrogen
fixing tree/shrub species in the study area.

2. Materials and Method
2.1. Description of the Study Area

The experiment was conducted at Sinana Agricultural
Research sub sites of Cirri found in Dello-menna district of
Bale zone, southeast Ethiopia. Geographically, Cirri research
subsite located at 6.405 N and 39.782 E. The altitude of the
district ranges within 1000 - 2500 meters above sea level.
The rainfall pattern in the area is the bimodal type, that is,
middle of March to end of May (short rain season) and
September to October (the main rainy season). Annual
rainfall ranges within 700 - 1200 mm. The average
temperature for Dello-menna is 18°C whereas the soil type is
dominantly clay Niti-sol [2, 12].
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Figure 1. Location of the study area.

2.2. Treatments and Experimental Procedure

Six nitrogen fixing tree/shrub species namely; Cajanus
cajan, Gliricidia sepium, Calliandra calothyrsus, Flemingya
macrophylla, Sesbania sesban and Lucaena leucocephela are
used. The seeds of the species were obtained from
International livestock Research Institute (ILRI) of Ethiopia,
which is located in Addis Ababa. In doing so the seeds were
sown at chiri nursery site there by using a polythene tube size

of 10 cm and potting mixture of 3:2:1 (forest, local and sandy
soil). Initially the seedlings were raised under 60% of shade
netting. However, in the meantime shading and watering
frequency reduced as the seedlings grew. Even, the shade
was completely removed a few days prior to planting in the
field trial, in order to harden off. Finally, seedlings were
transplanted and installed to the field trial by using RCBD
design with three replications with a plot size of 8 m x 6 m
for each species. The spacing between plants was 2 m x 2 m
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consisting of 12 plants over a single plot.
2.3. Data Collection and Statistical Analysis

The necessary growth-performance evaluating data
parameters were collected. Survival rate, height and root
collar diameter were the three parameters, which are
considered for each species. Survival count was made for the
whole tree/shrub species found in a plot (12 plants/plot),
whereas for the remaining parameters about 6 trees are used
as data source. Heights were measured using meter tape
and/or graduated stick depending on the height of the trees.
Likely, diameter (RCD) is measured by meter tape and
caliper. Finally, the collected data were summarized and
analyzed by using GenStat (15" ed.) and Microsoft Excel
computerized programs.

3. Results and Discussion
3.1. Survival Rate

Results obtained from the study show that, except the first
year a significant difference (p<0.05) was reported for the
survival rate of the species (table 1). During the 2™ and 3™
years of study period, Flemingya macrophylla, Sesbania
sesban, and Cajanus cajan and Gliricidia sepium attain the
highest mean values ranging from 83.33 to 100. This infers
the condition of the study area matched well with the
environmental requirement of these species.

Table 1. The mean of survival rate of the species over the years of
experimental period.

Species Year 1 Year I  Year IIl Total mean
Cajanus cajan 97.22° 9722¢c 94.63° 96.36°
Flemingya macrophylla 100.00* 100 ¢ 100 ¢ 100°
Calliandra calothyrsus 83.89° 52.78 ° 11.11*  49.26°
Lucaena leucocephela 83.33° 16.66 ° 13.89*  37.96°
Glericidia sepium 97.22°  91.66°  8333° 90.74°
Sesbania sesban 10000° 97.22°  96.14°  97.89°
LSD (p < 0.05) 2546 2606  9.52 21.10

N/B: Means in columns with the same letters are not significantly different,
LSD= Least significant difference

Against to this Calliandra calothyrsus and Lucaena
leucocephela had the lowest survival rates over the entire
experimental period. The lower survival rates of Lucaena
leucocephela and C. calothyrsus attribute to their suitability
for fodder production. As result of this fact the seedlings of
these two species were adversely attacked by wild animals,
namely: by antelope and buck at the night time of
experimental period.

3.2. Height Growth

Analysis of variance revealed that variations in height
among the species was considerably (P<0.05) variable over
the years of study period (table 2). As results reported, plant
height of Sesbania sesban was the tallest closely followed by
Flemingya macrophylla and Cajanus cajan. This is in line

with [3], who found superior performance of Sesbania
sesban as compared to other species. Other authors [13] also
reported better growth performance of Sesbania as compared
to Lucaena, Calliandra and Chamaecystisus in Rwanda. This
might be attributed to environmental requirement of the
species and/or their genetic superiority.

Table 2. Mean of plant height growth (cm) as influenced by species type over
the years of study period.

Species Year 1 Year I Year III Total mean
Cajanus cajan 218.10° 227.30°¢ 24220°¢ 229.20%
Flemingya macrophylla 150.0™  244.00° 222.00° 199.80®
Calliandra calothyrsus 62.50*  70.00"  37.10° 186.90 ®°
Lucaena leucocephela 7230 107.70® 38.20° 111.10*
Glericidia sepium 50.50°  133.00° 11540° 99.60°
Sesbania sesban 485.90° 423307 596.00¢ 396.60°
LSD (p < 0.05) 108.6 51.69 46.22 168.70

N/B: Means in columns with the same letters are not significantly different,
LSD= Least significant difference

3.3. Root Collar Diameter

Significant variation (p < 0.05) in root collar diameter
growth is also reported among the studied species (table 3).
Consistent to the observation made for plant height, the
maximum root collar diameter was measured for S. sesban
followed by F. macrophylla and C. cajan, the former being
significantly higher than the latter two over the entire
experimental period.

Table 3. Mean of root collar diameter (cm) as influenced by species type
over the years of study period.

Species Year I Year I Year III Total mean
Cajanus cajan 2.96° 532 636¢ 488°
Flemingya macrophylla 5.06 ¢ 6.13¢ 6.14° 5.77°¢
Calliandra calothyrsus 1.60° 220° 296* 225a
Lucaena leucocephela 2.12%® 347° 347° 3.09°
Glericidia sepium 365b  401™  508° 425"
Sesbania sesban 7.78¢ 8.17¢  8.40° 8.17¢

LSD (p <0.05) 1.270 1.67 0.97 0.91

N/B: Means in columns with the same letters are not significantly different,
LSD= Least significant difference

Results indicated that tree species having greatest root
collar diameter were those, which grew tallest. Highly
significant correlation (r =0.95, p = 0.001) was observed
between height growth and root collar diameter development.
Most of the tree and/or shrub species (about 83.3%) having
more height growth exhibited higher root collar diameter
growth. Similarly, species with lower height growth had
lower root collar diameter growth. Other finding also
reported similar highest correlation between height growth
and root collar diameter growth of tree/shrub species [1, 10].

4. Summary and Conclusion

The most decisive factor for the successive Agroforestry is
the choice of suitable useable tree/shrub species. Nitrogen
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fixing (legume) tree and shrub species are found to get
popularity because of their fast growth, reducing fertilizer
needs and coppicing behavior. However, this will be effective
if the right species planted in the right place as their
adaptability potential strongly dependent up on the local
climatic conditions and soil characteristics. With this general
understanding, study was planned and conducted to evaluate
the adaptability potential of six nitrogen fixing tree/shrub
species in Dello-menna district of Bale zone, southeast
Ethiopia. The species were; Cajanus cajan, Flemingya
macrophylla, Gliricidia sepium, Sesbania sesban, Calliandra
calothyrsus and Leucaena leucocephela.

The result revealed that the survival rate of Flemingya
macrophylla was found to be the highest followed by
Sesbania sesban and Cajanus cajan respectively. While
Lucaena leucocephela and Calliandra calothyrsus showed
poor survival rate. The lower survival rates of Lucaena
leucocephela and Calliandra calothyrsus were attributed to
their suitability for fodder production as both were adversely
attacked by wild animals during the study period. Flemingya
macrophylla, Sesbania sesban, Gliricidia sepium and
Cajanus cajan attain the highest mean values in height and
root collar diameter while Calliandra calothyrsus and
Lucaena leucocephela had the lowest values. Overall,
Flemingya macrophylla, Cajanus cajan, Gliricidia sepium
and Sesbania sesban species have shown the better vigorous
growth performance in the study area. Hence, the integration
of these tree/shrub species into any of tree-based land use
system will be beneficial either to get their environmental or
economic function. However, evaluation of their contribution
to soil fertility improvement and crop yield needs to be
further investigated as this may insights to know their
nutrient provision potential while integrated together with
annual and/or perennial plants in agroforestry land use
systems.
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