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Abstract

A pre-extension demonstration of selected sesbania species was conducted in two districts (one from
Sidama region and one from West Arsi zone of Oromia region) to evaluate, demonstrate, promote and
popularize the best performing varieties of the selected forage crops, awareness creation, improving
farmers knowledge and skill on forage crop establishment, management, forage production, conservation
and utilization in the farming season of 2021/22. A total of sixty farmers having willingness to accept
and disseminate the technology were purposively selected and grouped into farmers research groups
comprising ten farmers. In each farmer’s research group, two trial farmers were selected with the
rest being participant farmers in each kebele. Hosting farmers were selected based on ownership
of suitable and sufficient land to accommodate trials, proximity to roads so as to facilitate the chance
of being visited by many stakeholders, ability to manage planted crops and willingness to share their
knowledge and experience to others. One potential farmers training center from each district was used
as a demonstration site and source of planting material for the future. In each kebele, one hosting farmer
and farmers research group comprising ten farmers was established one forage crop based on their
interest. Two sesbania species, namely, Sesbania macrantha and Sesbania dummeri were evaluated and
demonstrated on farmers training centers to visiting farmers at each district. Field results indicate that
both varieties had the ability to produce significant amount of total edible biomass yield in addition to
their additional benefits producing high non-edible dry matter that can be used as firewood. Therefore,
further scaling up/out of the two sesbania species should be conducted in the study areas and to other
places with similar agro-ecologies.

Keywords: Demonstration, Dry matter yield, Sebania dummeri, Sebania macrantha

Abbreviations: CP: Crude Protein; CV: Coefficient of Variation; DESY: Dry Edible Stem Yield; DLY: Dry
Leaf Stem Ratio; DLY: Dry Leaf Yield; DMTR: Diameter; FESY: Fresh Edible Stem Yield; FLY: Fresh Leaf
Yield; FRGs: Farmer Research Groups; FTC: Farmer Training Center; gm: Gram; [IVDMD: Invitro Dry Matter
Digestibility; Km: Kilometer; m: meter; mm: millimeter; MPTs: Multi-Purpose Tress; NBPP: Number of
branches per plant; PHH: Plant height at harvest; SR: Survival Rate; TEDMY: Total Edible Dry Matter Yield;
TEFY: Total Edible Fresh Yield; TNEDMY: Total Non-Edible Dry Matter Yield

Introduction

Despite the substantial population of livestock in Ethiopia [1], and key economic activity
for the smallholder farmers of the country, production and productivity is minimal [2]. In
addition to the high cost of feed, lackluster feed supplies both in quantity and quality for
all animal classes contribute to the low animal output ([3,4]), which in turn causes the
industry to operate below performance. Natural pasture (the main livestock feed resource
in mixed crop-livestock production system) quality is extremely low during the dry seasons,
with a crude protein level of less than 5% and a digestibility of around 40% to 45% ([5,6]).
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Additionally, the crop residues supplemented with them are noted
for their poor feeding value in terms of protein contents, energy
value and digestibility [7]. Also, these feed sources are deficient in
minerals. Low quality of feed resources and insufficient availability
of biomass results in low livestock productivity. In addition, such
low quality, fibre-rich and imbalanced diets result in high release
of greenhouse gases [8]. Though many efforts have been made
to address the livestock feed shortage problem, it has remained
unsolved so far for various reasons.

Utilization of improved forage species that are adapted to
the local agro-ecological conditions and used as feed resources is
advised both internationally and locally as a way of reducing feed
constraints, as they are adaptable with the smallholder farmers
grown with low inputs [9]. From different improved forage crops
recommended for cultivation, using multipurpose trees (MPTs)
can be a good option to solve biomass scarcity and nutritional
deficiency of livestock in the dry season. Available literatures
show that MPTs can provide 8 to 12 t/ha dry biomass with a Crude
Protein (CP) content of up to 25% [10] and it can be planted as live
fence around homestead or on farm boundaries and margins where
land for pure planting is a limitation [11]. Among the improved
and available multipurpose and potential feed resource in the
country, Sesbania is the most appropriate one. Sesbania is one of
the available multipurpose, potential feed resource and drought
tolerant trees uses for forage production, efficient nitrogen fixation
[12], fuelwood, and soil and water conservation [13] indicated the
greater contribution of sesbania in improving the yield of maize
even without applying mineral fertilizers. It is cultivated as a deep-
rooted, short-lived perennial green manure shrub that produces
high-quality leaf and serves as a supplement for protein constraints
and opportunities for enhancing the system [14].

Sesbania macrantha is one of the sesbania species which is
described as fast to emerge with rapid growth rate [12] and higher
biomass yield than other species of sesbania with relatively higher
nutritional value and digestibility ([15]; [12]). In addition, this
speciesis suitable for improving fallows because of its higher branch
and leafit produces [15]. Sesbania macrantha has shown fast growth
as observed in several mid-altitude warm regions of Ethiopia and
its fodder yield is generally superior to any of the short-term fodder
legumes [16]. With a CP content of 28.19% and an IVDMD of more
than 70%, the nutritional composition of the species was found
to be within an acceptable range for livestock requirements [16].
According to Yirgu T [17] report, Seshania dummeri yield better
in dry matter leaf-to-stem ratio under supplementary irrigation
at Wondogenet, southern Ethiopia. The species is suitable for
hay making due to its leafy characteristics and can be used for
dry season supplementation to small ruminants or cattle. Even
if Susbania macrantha and Susbania dummeri tree species were
released by Ethiopian Institute of Agricultural Research for forage
use and are found to be adaptable under on-station research
condition, the tree species haven't been demonstrated under on-
farm condition to verify possibility of their adoption by smallholder
farmers in the mixed crop-livestock production systems of the
country. This suggests that in order to fully understand the benefits

of MPTs in feed production, nitrogen fixation, firewood supply, soil
and water conservation and protection as a fence and wind barrier,
these feed resources must be demonstrated. Therefore, pre-scaling
up of Sesbania macrantha and Sesbania dummeri production and
utilization technologies was carried out to popularize, demonstrate,
and encourage field production and use of specific MPTs crops due
to its potential to disseminate the technology at large scale.

Materials and Methods
Study area description

The study was conducted in Wondogenet district of Sidama
region and Wondo district, West Arsi zone of Oromia region in
South-Eastern Ethiopia. Wondogenet is located at about 270km
South of Addis Ababa (capital city of the country), 34km East
of Hawassa city, the capital of Sidama Regional State, and 14km
South-East of Shashemene, the capital of West Arsi zone of Oromia
regional state. The geographical coordinate of the district is 70
19'N and 38 0 38’E with a wide altitudinal range of 1600 to 1950
meter above sea level. The mean annual minimum and maximum
rainfall are 709mm and 2062mm, respectively. The district has a
mean maximum and minimum temperature of 26 °C and 12 °C,
respectively. Wondogenet has a bimodal rainfall distribution with
short rains occur during March to May and the long rains in July to
October [18]. Livestock rearing, both rainfed and irrigation-based
crop production and small-scale trade were the major economic
activities accounting for 13%, 85% and 2%, respectively [19].

Wondo district is located in the southeastern escarpment of the
Ethiopian Great Rift Valley 7°06-07'N, 38°37’ - 42'E, approximately
260 km south of Addis Ababa. The altitude ranges from 1,700 to
2,300 meter above sea level [20]. According to the Wondo district
agricultural office, 90% of the district lies in the midland agro-
ecological zone, while 10% lies in the highland agro-ecology. The
area has a bimodal rainfall pattern and receives 1,210mm annual
rainfall, with a rainy season during March to September and a
relatively dry period from December to February. The average
annual temperature is 20 °C. Fertile soil, water, forest and wildlife
are some of the natural resources Wondo district bestowed with
it [21]. The valley plain of Wondo has fertile soil. The loamy sand
textured soils, which contain the most important nutrients, cover
the area [22]. The farmland of the study area is both rain-fed and
irrigated. The major plants cultivated in the area are Catha edulis
(Vahl) Forssk. ex Endl.), Coffea arabica L., Saccharum officinarum
L., Musa paradisiaca L., Persea americana, Solanum lycopersicum L.,
Solanum tuberosum, L. Ensete ventricosum (Welw.) Cheesman, and
Carica papaya L. [23]. These plants are used as a source of income
and food. Cattle, sheep, goats, horses, and donkeys are some of the
livestock animals commonly reared in the area [24].

Site and farmers’ selection

Based on the livestock potential, a total of six kebeles (three
kebeles from each district) were selected with the help of
development agents and livestock experts. Then ten farmers (7
male and 3 female) having willingness to accept and disseminate
the technology were purposively selected from each kebele and
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grouped into Farmers Research Groups (FRGs). In each FRGs,
two hosting farmers were selected with the rest being participant
farmers in each kebele. Hosting farmers were selected based on
ownership of suitable and sufficient land to accommodate trials,
proximity to roads so as to facilitate the chance of being visited by
many stakeholders, ability to manage planted crops and willingness
to share their knowledge and experience to others. One potential
Farmers Training Center (FTCs) from each district was used as a
demonstration site and source of planting material for the future.

Planting material distribution and

management

preparation,

Sesbania macrantha was sown on FTCs and selected farmer
fields. The tree seeds were sown in two rows, 50cm apart within
rows and 1.5m apart between rows, along farm boundaries as a
hedge row or strip between croplands. Three seeds per hole were
sowed in each row. After a month the seedlings were thinned to one
tree per hole. At FTCs, seeds of Seshania macrantha sowed in 10m
x 10m plot of land, in 7 rows at 0.5m spacing within rows and 1.5m
between rows leaving 0.5m border at both sides. Sesbania dummeri
seedling was raised at Wondogenet Agricultural Research center
nursery site and at eight-weeks old, the nursery-raised Sesbhania
dummeri seedlings were transplanted to farmer fields and FTCs.
In farmers’ fields, depending on the farmer’s situation, the tree
seedlings were planted in farm boundaries, as a hedge row or strip
between crop lands. The planting was done in two rows (8 plants
per row) at 0.5m spacing within rows and 1.5m between rows. In
FTCs, the planting was done in 10m x 10m plot of land, in 7 rows
at 0.5m spacing within rows and 1.5m between rows leaving 0.5m
border at both sides. No fertilizer applied for both crops and other
management practice applied as required.

Data collection

At 6 months after transplanted data on number of plants
survived (%), plant height at harvest (m), stem thickness (diameter)
at 0.75m above ground level (mm), number of primary branches
per plant and biomass yield estimation (leafy, edible stem and

fuelwood) was recorded from five randomly selected trees per row
at both farmer field and FTCs. The survival rate was calculated as
the ratio of the number of surviving plants per unit area to the total
number of plants planted per unit area and then multiplied by one
hundred. Stem diameters were measured at 0.75m above ground
using a veneer sliding digital caliper. Randomly selected plants were
measured using steel tape from the ground level to the highest leaf
before harvesting and the average value was taken as plant height at
harvest. Similarly, the number of branches per plant was calculated
by counting all main branches from randomly selected trees and
the average of sampled branches was considered [25]. The plants
were harvested at 0.5m above ground level as recommended by
Fabunmi TO [26], and the whole plant was weighed to calculate
total fresh biomass yield, and the rest of the harvested material
was sorted into edible (leaf and edible stem) and non-edible stem
(woody) components to calculate leaf and edible stem yield. Stems
that are less than 6mm were considered as edible stem based on
the recommendation of Mekonen T [27]. A 300gm representative
sample from each leaf and edible stem was taken for dry matter
determination and allotted into oven dried which set at 105 °C
temperature for 24 hours according to Mutegi JK [28] procedures.
Quantitative data was summarized using SAS software. T-test was
employed for the comparison.

Result and Discussions

The general analysis of variance for the measured parameters
across district and varieties is presented in Table 1. Nearly all
parameters related to agronomic, and yield showed substantial
differences between the two study locations under demonstration,
with the exception of the survival rate, plant height at harvest,
number of branches per plant, and dry leaf to stem ratio. Similarly,
the measured agronomic and yield data of tested crops showed
significant differences except for plant height at harvest and dry
edible stem yield. With the exception of dry edible stem yield (t/
ha) and plant height at harvest (m), the measured agronomic and
yield parameters of the investigated crops also revealed significant
variances.

Table 1: General analysis of variance for measured agronomic and yield data of tested crops.

Measured Parameters Factors CV (%)
District Species Mean

Survival rate (%) ns * 81.39 6.36
Plant height at harvest (m) ns ns 3.84 15.09
Diameter at 0.75m height above ground (mm) *E * 2.42 10.47
Number of branches per plant ns ok 26.54 15.25
Fresh leaf yield (t/ha) ok ok 7.49 14.37
Fresh edible stem yield (t/ha) o * 5.15 18.56
Total fresh edible biomass yield (t/ha) ok * 12.64 11.52
Dry leaf yield (t/ha) * ok 2.33 2412
Dry edible stem yield (t/ha) ok ns 1.67 17.43
Dry leaf to stem ratio ns o 1.42 18.87
Total edible dry matter yield (t/ha) *E * 4 17.92
Total non-edible dry matter yield (t/ha) ok ns 4.42 18.61

Note: *=significant, CV=Coefficient of variation, m=meter, mm=millimeter, ns=non-significant, t/ha=ton per hector
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In terms of the plant height characteristic, there were no
significant differences (p>0.05) between the means of the S.
macrantha and S. dummeri types based on their overall mean
performance at one year (Table 2). The current study revealed that
the average plant heights measured for Sesbania dummeri (3.70m)
and Sesbania macrantha (4.0m) are, however, consistent with the
3.7m average for Sesbania sesban reported by [29] and the 3.7m
grand mean plant heights measured for one year by (Negasu G
[30]. Hidosa D [25] also reported that while the plant height of
the tested varieties of Seshania sesban did not substantially differ
from one another (p>0.05) at the irrigated lowland of Dassench
District of South Omo, Southwestern, Ethiopia, the average plant
height (2.63m) was lower than the findings of the current study.
The current experiment growth rate exceeded the 3.3m height
reached in 10 months and was comparable to average final height
of 4.0m in 18 months reported by Endebu M [31]. Gebremedhin AT
[32] suggests that the height of cutting plants above ground and
the number of branches per plant provide useful information for
assessing crop growth and adaptation. Variations in these metrics
may result from differences in ecological conditions or management
practices.

Table 2: Survival rate and agronomic performance of the
tested crops.

Measured Parameters
Factors
SR (%) | PHH (m) | DMTR (mm) | NBPP (count)
Districts
Wondo 82.33 4.03 2.71° 27.5
Wondogenet 80.44 3.65 2.13° 25.57
P-value 0.4956 0.2051 0.0005 0.3578
Species
S. dummeri 85.10° 3.68 2.26° 37.55°
S. macrantha | 77.68° 4 2.58* 15.52°
P-value 0.0166 0.283 0.0257 <.0001
Mean 81.39 3.84 2.42 26.54
CV (%) 4.18 14.5 8.52 10.06

Note: Means with different superscripts in a column are
significantly different from each other (p<0.05). SR=Survival
rate, PPH=Plant height at harvest, DMRT=Diameter,

NBPP=Number of branches per plant, CV=Coefficient of
variation.

Regarding the number of branches per plant, the tested
Sesbania varieties exhibit distinct trends in comparison to plant
height at harvest. Average number of branches per plant of Seshania
macrantha (15.5) was lower than that of Seshania dummeri (37.6)
at the study site (Table 2). The value of the current study for
Sesbania macrantha (15.5) was lower that the value of Sesbania
varieties (26) at south Omo as reported by Gebremedhin AT [32],
while the value for Seshania dummeri (37.6) was greater than the
value reported by the above author. However, the branches per
plant for both types in this study were less than the values (40-52)
for pigeon pea varieties that were adapted to the South Omo under
rain-fed [33].

The total edible dry matter yield of the current study showed
significant differences (p<0.05) between the means of Sesbhania
macrantha (4.6t/ha) and Sesbania dummeri (3.4t/ha) (Table 3).
The total edible dry biomass yield (4.0t/ha) obtained from this
study for Sesbania varieties were comparable with the value ranged
from 4.64 - 7.91t/ha reported by Tesfaye W [29] for the Sesbania
varieties at the highland of eastern Hararge of Ethiopia, but,
lower than 8.95-17.66t/ha reported by Hidosa D [25] for sesbania
varieties at irrigated lowland of Dassench District of South Omo,
Southwestern, Ethiopia. Similarly, the current edible dry matter
yield was lower than the 18.91ton/ha and 27.64ton/ha that was
reported by Negasu G [30] DZ-89 and DZ-96 Sesbania accessions,
respectively.

Leaf to stem ration has a significant impact on the quality of
forage, diet choice, intake, and nutritional degradability [34].
According to the current finding, there is a significant difference
(p<0.05) in the dry leaf to stem ratio between Sesbania macrantha
(1.73) and Sesbania dummeri (1.12) (Table 3). The variation might
be linked to genetic heterogeneity among the variations [25]. The
dry leaf to stem ratio result obtained from this study is greater than
the value reported by) Tesfaye W [29] that varied from 0.23 to 0.31
for Sesbania sesban at highland of eastern Hararge of Ethiopia. But,
comparable with those (0.98-1.27) reported by Hidosa D [25] for
Seshania sesban cultivated at the irrigated lowland of Dassench
District of South Omo, Southwestern Ethiopia (Figure 1).

Table 3: Fresh and dry matter yield performance of the tested crops.

Means with different superscripts in a column are significantly different from each other (p<0.05). FLY=Fresh leaf yield,
FESY=Fresh edible stem yield, TEFBMY=Total edible fresh biomass yield, DLY=Dry leaf yield, DESY=Dry edible stem
yield, DLSR=Dry leaf to stem ratio, TEDMY=Total edible dry matter yield, TNEDMY=Total non-edible dry matter yield

Measured Parameters
Factors FLY (t/ha) | FESY (t/ha) | TEFBMY (t/ha) | DLY (t/ha) | DESY (t/ha) | DLSR (ratio) | TEDMY (t/ha) | TNEDMY (t/ha)
Districts
Wondo 8.76a 6.32a 15.07a 2.76a 2.01a 1.45 4.77a 5.66a
Wondogenet 6.22b 3.99b 10.20b 1.91b 1.32b 1.4 3.23b 3.17b
P-value 0.0004 0.0003 <.0001 0.0099 0.0004 0.7361 0.0009 <.0001
Species
S. dummeri 5.81b 5.69a 11.50b 1.75b 1.65 1.12b 3.40b 4.25
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S. macrantha 9.16a 4.62b 13.78a 291a 1.69 1.73a 4.60a 4.58
P-value <.0001 0.0439 0.0078 0.0012 0.8069 0.0005 0.0052 0.4364
Overall mean 7.49 5.15 12.64 2.33 1.67 1.42 4 4.42
CV (%) 11.19 17.67 11.68 20.4 17.97 15.3 17.09 19.32

Figure 1: Showed performance of the demonstrated sesbania species on field.

Conclusion

Pre-extension demonstration of multipurpose tree shrubs,
namely, Sebania macrantha and Sesbania dummeri was conducted in
Wondogenet district of Sidama regional state and Wondo district in
West Arsi zone of Oromia regional state in the crop-livestock mixed
farming system of southeastern Ethiopia to evaluate, demonstrate,
promote and popularize the best performing varieties of the
selected sesbania species. The demonstration result revealed that
both Sesbania macrantha and Sesbania dummerihad a good herbage
yield at both locations. Moreover, both varieties were preferred
by visiting farmers in all the selection criteria including firewood
production that had a great role in environmental protection by
reducing deforestation for firewood. Based this evidence, of the
pre-extension demonstration, the following recommendations are
forwarded:

1. Further research: Conduct additional studies to assess
the performance of Sesbania species under different agro-
ecological conditions and management practices. This will
provide more comprehensive insights into their adaptability
and potential benefits for livestock production.

Farmer training and extension: Implement training programs
and extension activities to educate farmers about the benefits
of incorporating Sesbania species into their farming systems.
Provide guidance on planting techniques, management
practices, conservation, and utilization strategies to maximize
the benefits of these forage crops.

Seedling distribution: Facilitate the distribution of high-
quality seedlings of Sesbania species to interested farmers,
ensuring access to planting materials for widespread adoption.
Collaborate with agricultural extension services and local
nurseries to increase availability and affordability of seedlings.

Demonstration plots: Establish demonstration plots in various
districts and communities to showcase the performance of
Sesbania species under local conditions. Encourage farmer
participation and engagement through field days, workshops,
and knowledge sharing events.

Policy support: Advocate for policy initiatives that promote
the integration of forage production into livestock farming
systems. This may include incentives for forage crop cultivation,

Mod Concep Dev Agrono

Copyright © Diribi Mijena



MCDA.000834.14(2).2024

1374

support for research and development, and integration of
forage-related practices into agricultural extension programs.

By implementing these recommendations, stakeholders
can contribute to improving livestock productivity, enhancing
resilience to feed shortages, and promoting sustainable agricultural
development in the study area and areas with similar agro-ecology.
Collaboration betweenresearchers, extension agents, policymakers,
and farmers will be essential for successful adoption and scaling-up
of Sesbania forage production in the study area particularly, and in
the country in general.
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