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Growth Performance and Nutritive Quality of Tree Lucerne (Chamaecytisus Palmensis)
Fodder under Different Management Conditions in the High Lands of Ethiopia
Advisor: Ajebu Nurfeta (PhD, Assoc. prof.) and Co-advisor: Melkamu Bezabih (PhD) and Dr.

Kindu Mekonnin
ABSTRACT

Tagasaste (Chamaecytisus palmensis), also known as tree Lucerne, is an evergreen, hardy
leguminous shrub that is adapted to high lands of Ethiopia. The objective of this study was to
evaluate growth performance of tree lucerne in terms of survival, root collar diameter (RCD),
plant height and biomass yield as influenced by different management. To conduct the present
study three highlands districts (woredas) located in southern region (Lemo), in Oromia region
(Sinana) and Tigrai region (Endamehoni) were selected. Within each woreda, two kebeles were
purposely selected to be used as action sites, and from each kebele a minimum of 25 farmers
were selected to participate in tree Lucerne adaptation trials. Each farmer received about 150
seedlings to plant and grow. Data were collected on feed resources, household characteristics
and survival and performance of the seedlings. The tree lucerne fodder plots established and
performed well were used to collect data on the effect of cutting height, and cutting frequency
on the biomass yield of fodder. The fodder plants were subjected to two cutting heights (Im and
1.5m), and three cutting frequencies (2, 3, 4 times per year). The average household family size
and livestock holdings were 8.08 heads and 10.35 heads, respectively. According to the result
about 66% of the land was used for crop cultivation and the remaining 34% was apportioned
into improved forage and other back yard trees in the study area. About 85.4% respondents
perceived that the landholding size is decreasing, while about 13% of the farmers said that it
remained stable over the years. Grazing (both private and communal) contributed the largest
share of the feed resources, followed by crop residues. About 44% of the farmers mentioned
that their main reason for engaging in tree lucerne cultivation is to produce livestock feed
supplement. The maximum survival rate was observed for plants which grew around backyard
on small plot followed by that grown on the contour lines, whereas the lowest survival rate was
achieved from plants grown around water logged areas. Transplanting too small seedlings
showed lower (p<0.05) survival rate as compared to the remaining agronomic and management
practices. Planting space of 100cm between rows and 100cm between plants resulted in
significantly (p<0.05) higher dry matter yield than 50x50cm spacing. Tree lucerne showed
accelerated growth in terms of height and RCD after six months. Annual biomass production
was substantially greater for six months cutting interval than for the more frequent harvests in
arange of 4.17 to 8.22 t ha—'. Whereas, the two cutting height not showed significant (p<0.05)
differences on biomass yield. Leaf proportion of the biomass yield consistently decreased from
63.55 to 54.52% and the stem increased from 2.38 to 16.54% as the cutting interval prolonged
from three to six months, respectively. The crude protein contents for the month of June (28%)
was significantly (p<0.05) higher than that of October (24.6%), whereas, the other months had
intermediate value. There were no significant (p<0.05) differences in IVOMD and ME contents
among the different cutting months. The current study revealed that with proper management
practices, tree Lucerne can be a suitable protein supplement for ruminant livestock in the study
areas.

Key words: cutting height, cutting interval, botanical fractions, digestively, crude protein
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1. INTRODUCTION

Livestock are key components of African farming systems and are increasingly viewed as
important pathways for rural households to escape poverty (FAO, 2010). The livestock of
Ethiopia is estimated to be 53.99 million heads of cattle, 25.5 million sheep, 24.06 million goats,
0.92 million camel, 50.38 million chickens, and 9.93million equine (CSA, 2013). The sector
plays a great role as source of food, income, transportation services, fuels and manures. In
Ethiopia, despite of having good number of farm animals, per unit productivity is quite low.
Among other factors, poor nutrition is a major constraints limiting livestock performance.
Consequently, this leads to high mortality amongst livestock, longer calving intervals, and
substantial weight loss, particularly during dry season usually extending from December to May

in most of Ethiopia (EARO, 2000).

Availability of feed resources is characterized by the highly seasonal fluctuations in both
quantity and quality. Moreover, most of the dry forages and roughages found in Ethiopia have
a crude protein (CP) content of less than 7%, which do not satisfy the requirements of rumen
microorganisms (Van Soest, 1994). When fed alone, such feeds are unable to provide even the
maintenance requirement of livestock (ILRI, 1999). Hay in highlands of Ethiopia is usually
harvested after the CP contents of the pasture passed peak production and the protein content
reduced to less than 5%, which is below the critical level of maintenance requirement for
ruminants (Solomon et al., 2008). Hence, the production of adequate quantities and good quality
dry season forages to supplement crop residues and pasture roughages is the only way to
economically overcome the dry season constraints affecting livestock production in Ethiopia

(Alemayehu, 2002).



Browse species have considerable potential in mixed crop livestock production systems, to
supplement low quality feeds. Moreover, they are highly tolerant to drought, fix nitrogen,
restore and regenerate the soil, preventing soil erosion, and are a source of quality food for
livestock when forage is scarce (Felker 1981and Lefroy 2002). This suggests that there is a need
for research to characterize these feed resources in order to sufficiently understand their

constraints for efficient utilization and to identify their relative potential.

Supplementing concentrates to low-quality tropical hay is known to improve intake and
digestibility of roughages (Nurfeta, 2010). However, the use of such a supplement was limited
under mixed livestock production systems; due to the seasonal scarcity of feed and high cost of
concentrates. In order to improve the productive and reproductive capacity of smallholder
ruminant animals, there is a need to look at ways of extending the availability and quality of
feedstuffs produced on smallholder farms. One potential way for increasing the quality and
availability of feeds for smallholder ruminant animals in the dry season could be through the
use of fodder trees and shrub legumes. Therefore, to alleviate the constraint associated with the
seasonal scarcity of feed resources in Lemo, Sinana and Endamehoni woredas, there is a need

to look for alternative protein sources that farmers can establish at their own farm.

Tree lucerne (Chamaecytisus palmensis) seems a promising species: It is a drought tolerant,
perennial, leguminous small tree presently being researched for its fodder potential. It is a
temperate, multipurpose browse legume of major importance to highland areas of Ethiopia and
plant is one of the few highly productive browse species for altitudes above 2000 m (Mengistu,
2002). Its primary uses are forage and fuel-wood but farmers also value it for shelter, bee forage,
nitrogen fixation, and soil conservation purposes (Getinet, 1998 and Mengistu, 2002). Tree

lucerne is highly productive (11 t DM/ha), stays green during the dry season, and has high CP



levels 160-220 g/kg DM (Getinet, 1998). As it is leguminous and temperate species, produces
good quality feed insubstantial amounts and there is no side effect in animals fed as sole diet
(Poppi, 1982; Borens, 1986 and Hawley, 1984). Observations in initial adaptation trials indicate
that, it grows up to two to three m height in the first year (Lazier, 1987 and Getnet, 1991).
Eighteen percent CP and 71% dry organic matter digestibility (DOMD) with perfect nutrient
release of mature tree lucerne leaves in the highlands of Ethiopia was reported (Seyoum, 1994).
Tree lucerne productivity, forage quality and proportions of botanical fractions are highly
affected by location, cutting interval and management practices like cutting frequency, cutting
height and fertilization (Borens and Poppi, Townsend and Radcliffe, 1990; McGowan et al,

1992; and Hadera et al, 1993).

Hence, in the present study, the potential of tree lucerne fodder for producing higher yield with
best quality was studied under different cutting height and cutting intervals in the three highland
representative woredas of Ethiopia with the following specific objectives:
e To evaluate growth performance in terms of tree lucerne survival, root collar diameter
stand height and annual yield;
e To assess the effect of growing niche, agronomic and management practices on survival
rate;
e To study the effect of cutting management on biomass yield of tree lucerne;

e To assess the nutritive value of tree lucerne at different cutting months in the area;



2. LITERATURE REVIEW

2.1. Browse shrubs and Trees as Source of Fodder for Ruminants

Improved forage and pasture species have diversified advantages. In the perspective of ruminant
livestock production, the main benefit is to produce high biomass with best quality. Leguminous
forages could also complement crop production by maintaining soil fertility through symbiotic
N fixation (Diriba, 2014, Getinet, 1998). Leguminous forage species are important sources of
N, fermentable organic matter and minerals. The most adaptive and productive fodder legume
species include: Tree lucerne (Chamaecytisus palmensis), Leucaena, Pigeon pea (Cajanus
cajan), Sesbania and Calliadra among others (Diriba, 2014).

Browse shrubs play an important role in animal feed in domestic as well as wild conditions.
Browse serves as a supplementary diet as well as sole diet for grazing animals especially in the
tropics during the dry season and in colder regions over the winter (NAS, 1979 and Radcliffe,
1983). Skerman (1977) listed more than 84 different species of browse shrubs and trees of
tropical regions and mentioned their chemical composition, which shows that browse is
generally high in crude protein. Ranawana (1987) reported that out of 200 different plants fed
to animals in Sri Lanka, analysis of 30 different species of tree (17) and shrubs (13) contains on
an average 180 gm crude protein per kilogram dry matter in tree species and 164 gm CP/kg DM

in shrub species. Digestibility was 56% and 57 % for tree and shrubs respectively.

Woody plants, usually low growing trees and shrubs, are useful fodder for livestock and wildlife.
They may be leguminous or non-leguminous, but leguminous plants are favored because of their
ability to fix nitrogen and their relatively high foliar nitrogen (protein) levels (Gutteridge and

Shelton, 1994). Browse species provide flexibility in the timing of their use, and in particular



provide green feed when grasses and other herbaceous materials are dry (Lefroy et al., 1992).
Compared to grasses, most leguminous fodder trees and shrubs have higher concentrations of
crude protein, minerals and neutral detergent fiber (Dicko and Sikena, 1992), and generally a
lower concentration of acid detergent fiber and dry matter digestibility (Le Houerou, 1980).
Nutrient levels and digestibility of fodder trees and shrubs also decline slightly over the growing
season and hence their potential value as drought fodder for livestock (Baumer, 1992). Recent
work in Northern Australia showed that the addition of Leucaena leucocephala into pastures
increased the quality and quantity of cattle diets resulting in increased animal production
(McGowan and Matthews, 1992). Many woody plants of the African savannas are browsed or

topped for dry season feed for livestock such as sheep, goats and cattle (Le Houerou, 1980).

2.2 Origin, Taxonomy and Distribution of Tree Lucerne

Tagasaste, formerly also called “tree lucerne” (Chamaecytisus palmensis), is an endemic fodder
tree-shrub from the Canary Islands which has achieved importance in agriculture around the
world, particularly in parts of Australia and New Zealand (Francisco-Ortega et al., 1991, 1993).
It is a member of the Fabaceae family and is native to the Canary Islands. It holds promise for
use in tropical highlands, Mediterranean climates and temperate regions. It grows to a height of
5-6 m, is thorn less and generally well branched. Flowers are white and seed production is
prolific. It is very susceptible to root rot fungus on poorly drained soils such as in southeast
Queensland on a grey podzolic duplex soil where 100% mortality of plants occurred within 2
years (Gutteridge, 1990). Tagasaste is the name given on the island of La Palma, in the Canary
Islands, to the indigenous plant known botanically as Chamaecytisus palmensis; this legume,

belonging to the family Fabaceae (Agfact, 1986).



2.3. Adaptability, Climate and Soil Type for Tree Lucerne

Tree lucerne grows well in a range of environments and once established handles climates
ranging well. It has been grown mainly in temperate regions with wet winters and dry summers,
with annual rainfall ranging from 350 to 1600 mm. It has been reported that tree lucerne is
moderate frost tolerant (Milhorpe and Dann, 1991). However, there has also been reported, that
in New South Wales in Australia due seedlings proliferate vigorously along roadside despite
annual frost to — 15 °C (Anonymous, 2000). Once tree lucerne established it is resilient to
drought (Milhorpe and Dann, 1991). Anonymous (2000) reported that ‘seedlings are remarkably
drought resistant and can survive six months of hot weather without rain or irrigation. Of more
importance, established shrubs have a remarkable capacity to recover from defoliation.

Regrowth occurs even in the prolonged absence of rain.

Tree lucerne is adapted to a range of soils, preferring the more freely drained ones, but it does
not do well on low-lying sites subject to water logging (Hawley, 1984). It may be able to cope
with at least moderately acid soils. It is suited to sandy well-drained soils of pH range 5-7
(Agfact, 1986). It is established easily on sandy soils, but tolerates a wide range of soil types
including gravels, loams, acid laterites and limestone (Orwa et. al., 2009). It can grow in a wide
variety of soils, except under waterlogged conditions; it can also tolerate acidic conditions pH
value from 5.1 to 7.5 which demonstrates its usefulness for plantations in areas that are relatively
dry and unfertile for other crops (Snook, 1962; Dann and Trimmer, 1986). Tree lucerne is
relatively free from disease and pests, and is resistant to leaf disease and stem nematodes, but it
IS susceptible to root rot (Phytophthora citricola) especially in wet soil conditions (Dann and

Trimmer, 1986).



2.4. Agronomy of Tree Lucerne

Tree Lucerne is hard seeded and seeds require scarification in hot water prior to
planting. Seedbeds should be well prepared to a fine with no weeds. Weed control is essential
for successful establishment. Seeds can be directly sown at sowing depths of 1-2.5 cm, although
deeper sowing may be necessary in sandy soils in dry areas to ensure sufficient water for
germination. Tree lucerne is small tree or shrub that grows up to 6 meters tall with dark green
trifoliate leaves, white pea shaped flowers and hairy pods producing around 10 small black
seeds. Tree lucerne tolerates frost and has been found adapted to areas up to and over 3000 meter
above sea level (Moore et al., 2006). It requires an annual rainfall above 600 mm but will not
tolerate water-logging at all, it is drought tolerant once established and grow on wide range of

soils (Getinet, 2007). However, it does best on light, well drained soils (Moore et al., 2006).

2.5. Roles of Tree lucerne

Low quality roughages which form the basal feeds are deficient in nitrogen, energy, vitamins,
and minerals. These nutrient deficiencies affect microbial growth and fermentation in the rumen
resulting in an overall poor animal productivity. Economic constraints of smallholder farmers
in Ethiopia have not encouraged to use chemicals and industrial based concentrates as
supplements to improve the utilization of roughages. Thus, leguminous trees can improve the
utilization of low quality roughages. They are being used more extensively throughout the world
in various production systems. These trees are capable of enhancing both crop production
through soil fertility maintenance and livestock production through increased availability of
high quality feed. Fodder trees can be grown on conventional arable lands or in integration with
soil conservation and different practices such as, backyards, around live/dead fences, as

scattered tree on the contour lines, in alley cropping, and in hedge rows along paths in the



farming system. They produce forage for livestock during the dry season when feed shortage is
critical. Like other supplements they provide critical nutrients lacking in the basal diet (Bonsi et
al., 1995). Well-managed plantations remain fully productive without irrigation for many years
(Snook, 1952; 1982). Tree lucerne is mainly used as forage, firewood, improving soil fertility
through nitrogen fixation, against wind and water erosion and as a source of nectar for bees
(Mengistu, 1997). Crop-livestock mixed farming in the highlands of Ethiopian utilize tree
lucerne in tree fallows, on soil bunds, in backyards, and along fence lines (Getinet, 1998).

Tree lucerne is good fodder for ruminant livestock and pigs because the leaf and edible branch
is palatable, nutritious and highly digestible. The digestibility of tree lucerne has been studied
in several sheep feeding trials (Ulyatt et al., 1980). Ulyatt et al. (1980) also reported a DM
digestibility value of 77 %, which is similar to the digestibility values (80 %) for ryegrass and
white clover. The crude protein (CP) content of tree lucerne hay is 200 g CP/kg of DM (Ulyatt
et al., 1980). This exceeds the 70 g CP/kg of DM required by a ruminant animal for maintenance
(Poppi, 1982). Unlike Leucaena which may be toxic due to the presence of mimosine, there are
no reported cases of toxicity in animals grazing tree lucerne (Moor et. al., 2006). According to
Borens and Popi (1986) and Poppi (1982) consuming a sole diet of the tree lucerne leaves for 4

and 9 weeks respectively, showed no signs of ill health.

2.5.1. Multi-purpose role

Elevitch and Wilkinson (2000) pointed out that fodder trees and shrubs have several applications
and uses and hence they serve as good sources of shade, wind shelter, living fence, improved
fallow, improved pasture, mulch, bee forage, human food, fuel wood, timber, fiber, resins, dyes,
tannins, medicine, food, fertility enhancement, soil stabilization, beauty, oxygen, wildlife

habitat, bird habitat, increased self-sufficiency, nutrient cycling, farm diversity. dann and



Trimmer (1986) suggested tree lucerne deserved attention as a multipurpose agro-forestry
species on the basis that it fixes atmospheric nitrogen, re-cycles nutrients from depth and
provides shelter for crops, pastures and animals in addition to providing fodder. McGowan
(1991) allude to its multipurpose use on farms in Western Australia and Victoria in the first half
of the century in the form of double-fenced hedgerows that served as paddock boundaries,
windbreaks and fodder reserves. In the early 1990's, landholders in Western Australia and the
lower south east of South Australia began experimenting with alley cropping systems (Lefroy
and Scott 1994). This involved cultivating crops between wide spaced rows of trees in the
expectation that this would reduce wind erosion, have a beneficial effect on crop yields through

microclimatic effects, increase water use, and consequently reduce the rate of dry land salinity.

2.5.2. Palatability/acceptability

The leaves of tree lucerne have been reported as highly palatable. However, livestock take a
little time to get used to it as a feed, and crossbred dairy cows in Ethiopia would not consume
large quantities of wilted forage, resulting in reduced dry matter intake. Tree lucerne is highly
relished by goats and sheep, its relative preference value was found higher than broom and
pampas by both goats and sheep (Lambert et al., 1989).It has a high feeding value, since the
content of secondary plant compounds is generally low. Most elements have been found to be
adequate in leaves, except from P that can be marginal and Na, which is low. It has therefore
been suggested to offer a complete mineral mix to animals grazing tree lucerne (Borens and
Poppi, 1990).

2.6. Nutritive Value and Dry Matter yield Productions of Tree lucerne

Forage quality is a function of many factors including the species, growth stage, plant parts,

agro ecology, agronomy and post-harvest processing practices (Buxton, 1996). Therefore, a



given species varies in quality accordingly. Hence, the nutritive value of tree lucerne could be
varied depending on management and season. Tagasaste grown on sites with no fertilizer history
and with poor grazing management is of marginal quality for stock maintenance. Well-managed
plants however provide excellent feed during winter and spring. The most nutritious parts of the
plants are the fresh leafy tips on the ends of stems under 6 mm in diameter. Testing on plants
throughout the Upper South-East has found that new leaf on well-fertilized plants in spring is
about 25% crude protein and up to 75% digestible matter compared to 9% crude protein and
46% digestible matter for edible stems. Feed quality will degenerate if the plants are allowed to
flower (in late winter) and set seed (Stokes, 2008). Tree lucerne has a potential to replace the
conventional protein sources which are becoming expensive and unavailable for small holder
farmers (Mesfin et al. 2011). Tree lucerne has a high palatability and is normally readily
consumed. In vitro dry matter digestibility of the leaves has been found to be high: 0.77 — 0.82

(Borens and Poppi, 1986) and 0.72 (McGowan and Mathews 1992).

Tree lucerne forage has an average CP content of 185g Kg-1 DM within a range of 164-207,
neutral detergent fiber (NDF) of 375 g kg-1DM acid detergent fiber (ADF) of 249 g kg-1DM
and acid detergent lignin (ADL) of 72 g kg-1 DM (Borens and Poppi, 1990; Bonsi et al., 1995;
Adugna et al., 1997). The high level of crude protein makes tree lucerne forage a supplement
feed for poor quality roughage. Among the most common browse trees used in the mid and high
altitude areas, Sesbania sesban has the highest CP and lower fiber content followed by tree

lucerne and Leucanea leucocephala (Getinet, 2007).

Tree lucerne is a high-producing, nutritious legume that is well adapted to a range of climates
throughout the world. Tree lucerne can produce a DM vyields of 11,200kg/ha/year have been

reported in Western Australia by (Snook 1986) and of 12,000 kg/ha/year in New Zealand by
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(Poppi 1982). In the South Island of New Zealand, DM production reported by (Mcleod, 1982)
is 7,000 kg/ha/year out of this leaf DM were 2600kg/ha and stem DM vyields of 4,390 kg/ha.
The accumulation of DM by tree lucerne is influenced by the weather. Lambert et al. (1989)
obtained higher DM yield in summer than in winter. In winter and spring, tree lucerne is of high
quality, with crude protein of 20 to 28 percent and dry matter digestibility of 70 to 80 percent.
Tree lucerne at this time of year supports cattle growth rates of 1.0 to 1.5 kg per head per day,
i.e. similar to good quality annual pasture. In summer and autumn, production is reduced to
maintenance and in some seasons live weight (LW) loss occurs, even though the chemical
analysis suggests that tree lucerne should be able to support growth, with crude protein of 15 to
20 percent and dry matter digestibility of 60 to -70 percent - equivalent to good quality hay. Dry
matter production of tree lucerne is also seasonal with rapid growth in winter and spring while
reduced growth in summer and autumn.

Table 1 Edible dry matter (EDM) production (t/ha/yr.) of tree lucerne from five sites in
southern Australia.

Rain (mm/yrs.) Soil type EDM Source and location

350 Deep sand 3.2a Eastham et al. (1993), Wongan Hills WA

420 Red-brown 1.1  Milthorpe and Dann (1991), Condobolin NSW
450 Deep sand 3.0 Oldham et al. (1991), New Norcia WA

640 Podsol 2.0  Milthorpe and Dann (1991), Yass NSW

1100 Red gradational 7.9  McGowan and Matthews (1992), Ellin bank Vic
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2.7. Factors Influencing Yield and Quality of Tree Lucerne Fodder
2.7.1. Plant age at the first cutting

To get a vigorous re-growth of foliage of trees and shrubs after the first cutting a complete
development of the root system is required. Doing the first cutting very early (immature state)
or very late (senescence state) can significantly reduce the re-growth. It is a general practice to
leave legume forage trees uncut until they reach a height of at least 1.0 to 1.5 m. This
establishment period can be greater than one year in many cases (Stir et al., 1994). The benefit
of a long establishment period before the first cutting was demonstrated by (Ella et al. 1991)
showing that the age of the legume forage trees at the first cut was positively related to yield at

subsequent cut.

2.7.2 Cutting Height

Defoliation can be described in terms of intensity. Intensity refers to the amount of leaf and stem
remaining after defoliation. This can range from removal of all plant material above a certain
cutting height (as is often used in experiments) to very lenient defoliation, such as lopping of
only some branches of the trees (Stir et al., 1994). Some researchers have found that higher
cutting heights produced higher DM vyield (Blair et al., 1990; Costa and Oliveira, 1992; Hairiah
et al., 1992; Ncamihigo and Brandelard, 1993). However, Blair et al. (1990) reported that in
some cases the cutting height did not affect DM yields. Stur et al. (1994) considered that the
effect of cutting height on the growth Pattern of trees and shrubs is still not clear and requires

more studies concerning the relation between cutting height and number of shoots per plant.
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2.7.3. Cutting interval

Frequency is how often the tree-lucerne fodder plants are cut or grazed. In general, cutting
interval seems to have a more dominant influence on total DM vyield than cutting height
(Sanchez, 2006). Many studies have reported that the highest total biomass yield was obtained
in the longer harvest intervals, although with a lower leaf-stem ratio (Horne et al., 1986; Blair
et al., 1990; Stir et al., 1994), while Lazier (1981) reported that the maximum edible yield of
the shrubs occurred at short cutting intervals.

2.7.4. Season of the year

Cutting forage trees at different seasons of the year (dry season vs. wet season) and at different
stages of development (flowering vs. vegetative) may influence subsequent re-growth.
However, little has been published on these topics (Sanchez, 2006). It may be speculated that
cutting at the beginning of the dry season could result in the exhaustion of reserves and
replenishment of reserves may be restricted by limited moisture availability. On the other hand,
trees and shrubs forage are usually deep-rooted and therefore have access to moisture in the
deeper soil layers. They may also be expected to have a large amount of reserves in stems and

root system, which may not easily be exhausted (Stir et al., 1994).
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3. MATERIALS AND METHODS

3.1. Area Description:

The study was conducted in the highlands of three districts (woredas) located in southern region
(Lemo), in Oromia region (Sinana) and Tigrai region (Endamehoni). The farming system in the
three woredas is predominantly mixed crop livestock system. In the highland parts of these sites
wheat and barley are the main crops cultivated. Faba bean, field pea, maize and lentil are also
widely grown in these woredas. Cattle are the dominant livestock reared followed by sheep, goat
and equines. Two kebeles were purposely selected from each woreda to be used as observation
sites, making the total study kebeles to be six. These kebeles were selected as they are action
sites for the project called Africa RISING, which has been working on sustainable intensification
of the mixed farming system in the highlands of Ethiopia. One of the research activities
implemented by this project include integration of tree Lucerne as a multipurpose tree in the
highland mixed farming systems.

Table 2 Climatic variability of the study area

Districts Kebele Temp. % Annual RF. (mm) Dominant soil type Reference
Lemo Upper-Gana 18 22 900 1300 Nitisol Cambisols

Jawe 18 23 900 1400
Sinana Illu-sanbitu 8 22 750 1000 Vertisols

Salka 6 20 750 1000 dominant ILRI
Endamehoni Embahasti 6 15 825 1000 Vertisols and

Tsibet 2 12 750 1000 Cambisols

Temp. = temperature; mm=millimeter; Min. =minimum; Max. = maximum; LL =low land or ‘Kolla’;
Temperate =‘woiena dega’; HL =highland or *Dega’
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3.2. Study Approach

The six kebeles used for the study were Jawe and Upper Ganna from Lemo woreda; Ilu-senbitu
and Selka from Sinana Woreda; and Tsibet and Embahasti from Endamehoni woreda. From
each kebele more than 25 farmers, who showed interest in the tree lucerne research, had planted
seedlings (about 150 seedlings per farmer) during the 2014 main rainy season and these farmers
were used as study respondents. A baseline survey data (which includes among others land size,
family size, education, livestock holding, crops grown and experiences of improved fodder
cultivation grown) have been generated by Africa RISING project at the beginning of the
implementation of the on-farm research. These baseline data were used to characterize and

describe the participant farm households.

The tree Lucerne plots of the farmers were used to generate research data for this study. The
participant farmers were grouped into three based on the growth performance of their fodder
seedlings: Group I: farmers whose tree lucerne seedling did not survive; Group Il: farmers whose
fodder seedling established but performed poorly and Group Il1: farmers whose fodder seedlings
established and performed very well. Analysis of farm typology, management practices of the
tree lucerne seedling, including: planting niche, planting distance, fertilization, watering,
weeding and fencing, applied by each of the three groups of farmers were conducted through

farm visits/observations and conducting interviews using a checklist of questions.

3.2.1. Measurements and sampling procedures

Measuring tape were used to determine planting distances between plants, rows and plant
heights at different stage of growth (three months, six months, nine months and twelve month).
The tree lucerne fodder plots which belongs to Group 111 (farmers whose fodder plots established
and performed well) were used to collect data on the effect of cutting height, and cutting
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frequency on the biomass yield and nutritive value of tree lucerne fodder. The fodder plants
belonging to each of the farmer in this group (Group I11) were subjected to two cutting heights
(Im and 1.5m). A minimum of 6-fodder plant were randomly selected and cut at 1m height,
while another 6-plant were selected in the same manner and cut at 1.5 m height to investigate
the effect of cutting height on the productivity of the fodder plant. The plants treated with the

different cutting height were tagged and given identification numbers.

The botanical fractions obtained from each plot was separated manually into three: leaf, stem
and edible branches. The stem included with root collar diameter (RCD) greater than 0.5mm,
whereas, the edible branch includes root collar diameter (RCD) less than 0.5mm. The fresh
weight of the biomass harvested from each plant were weighed and then separated in to
morphological fractions (stem, edible branches and leaves) and weighed again. Samples of the

leaf were taken for dry matter determination and analysis of major chemical fractions.

Afterwards, three cutting frequencies were introduced (2x; 3%, and 4x per year after the first cut)
to examine/identify its effect on biomass yield and quality of the fodder produced. The fodder
plant cut at each cutting height were randomly assigned to each cutting frequency, with a
minimum of 4 fodder trees assigned to each cutting frequency per farmer. Measurement of

biomass yield and sampling were conducted as stated above.

3.2.2. Chemical analysis

The samples were dried in the forced air drying oven at 60°C for 48 hours and then ground to
pass a 1 mm screen. The ground samples were oven dried at 105°C over night for determination
of dry matter (DM). The nitrogen (N) content was determined by Kjeldahl method, and Crude
protein concentration (CP) was calculated by multiplying N concentration by 6.25 (AOAC,
1995). Ash was determined by igniting the samples over night at 550° C in a muffle furnace
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(AOAC, 1995). The neutral detergent fiber (NDF), acid detergent fiber (ADF) and acid detergent
lignin (ADL) composition and IVTOMD contents were determined using the Near Infrared
Reflectance Spectroscopy (NIRS) facilities available at International Livestock Research
Institute (ILRI). The metabolizable energy (ME) content was estimated from IVTOMD value
using the equation: ME (MJ/kg DM) =0.15*IVOMD (g/kg) (Beever and Mould, 2000). The
moisture content of plant samples were determined by drying the sample in an oven at 105°C to

a constant mass. The loss after drying is regarded as the moisture that is converted to percentage.

3.2.3. Data analysis

The household survey, data was analyzed by using descriptive statistics. The collected data from
farmers field were entered in to SPSS statistical program (PASW statistics version 16) and
analyzed with the procedure of general linear model, univariate analysis of variance and means
compared using Duncan Significant Difference (DSD) test at (p<0.05) levels. Analysis of
variance (ANOVA) was carried out to test the effect of cutting height and interval on the biomass
yield and botanical fractions. The effect of location and plant spacing on annual DMY, the effect
of growing niche, agronomic and management practices were analyzed by using the univarate
analysis. The data for prioritized challenges and opportunities were ranked by using Index
method (Kosgey, 2004). The leaf: stem ratio was calculated by dividing the dry weight of leaf
(grams) by (dry weight of stem + dry weight of leaf in grams).

Survival percentage of seedlings was calculated as the number of trees surviving during the

experiment period divided by initial tree number times 100%.
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4. RESULTS

4.1. Household Survey

4.1.1. Socio-economic characteristic of the study area households

The average family size of respondent households is presented in Table 3. The age group
between 16 and 60 years accounted the largest portion of family (33.4%), followed by the
age group between 10 and 15 years (22%), and between 6 and 9 years (21%). On the other
hand family members above 60 years of age constituted the lowest proportion (5.3%). The
mean family size ranged from 0.43 to 2.7 for age group above 60 and age group (16- 60)
respectively in the study area.

Table 3 Family size by age category of respondent households in the study area (N=205)

Family size Mean + SE % of HHs
Age group under 6 years 1.47+0.04 18.3
Age group 6 - 9 years 1.70+0.06 21
Age group 10 - 15 years 1.78+0.06 22
Age group 16 - 60 years 2.7+0.09 334
Age above 60 years 0.43+0.03 5.3
Total family size 8.08+0.29 100

N-number of respondent; the values are expressed as mean + standard Error

Figure 2 shows the educational status of the respondents in the present study. The data
revealed that about 24% of the farmers had not attended any formal education and were
categorized as illiterates, whereas, the other 43%, 23% and 8% of the farmers had attended

elementary level education (grade 1-6), junior and secondary school education (grade 7-
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10), and high school education, respectively. In addition few farmers (1.5%) were also

found to have completed college education (Figure 2)
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Figure 1. Educational status of household heads

Figure 3.Shows the gender distribution of the study population in the research sites. The
result revealed that male headed households dominated the study population accounting for

85% of the total, whereas the remaining 15% were female headed households.

B Male Headed @ Female headed

Figure 2 Gender of households participated in the present study
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Figure 4 presents farm typology of responds based on their resource endowment. The
majority of the respondents (about 69%) were categorized as middle-income farmers,
whereas, low income and better-off groups constituted 16%, and 15% of the study
population, respectively.
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Figure 3. Classification of farm households based on their resource endowment

4.1.2. Land use and trends of landholding in the research site

Figure 5 shows the mean percentage of land allocated for major livelihood activities
including crop cultivation, grazing, fodder trees and backyard gardening. According to the
result, about 66% of the land is used for crop cultivation and the remaining 34% is

apportioned into grazing fodder and other trees and backyard gardening.
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Figure 4. Allocation of land for different agricultural activities in the study areas

Respondents were requested to indicate their perceptions about the landholding per
household over the years in the areas, and Figure 6 shows the results of the farmers’ response.
Most of them (85.4%) perceived that the landholding size is decreasing, while about 13% of
the farmers said that it remained stable over the years. However, a small proportion of the

farmers (1.5%) indicated an increase in the land holding over time (Figure 6).
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Figure 5. Perception of farmers on the landholding per household over time
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4.1.3. Livestock species composition and its trend in the area

The average number of livestock species and its trend per household is presented in Table 4.
Cattle, sheep, goat, chicken and equine (horse, donkey and mule) were reared in the study
areas. Cattle were the dominant livestock species in the study area. Respondents were asked
about their observation on the trend of the different livestock species holding over the years,
and the majority (59-82%) replied that the livestock holding is decreasing from time to time,
and the trend appears the same across the livestock species.

Table 4 Average livestock holding and its trend based on survey respondents (n=205)

Livestock species Mean £ SD Trend of livestock species

Increasing (%) Decreasing (%)  Stable (%)

Cattle 5.4+38 121 75.8 121
Sheep 1.4+1.7 11.80 58.8 29.4
Goat 0.6+1.1 21.4 64.3 14.3
Chicken 2.2+2.6 13.8 58.6 27.6
Horse 0.1+0.6 111 77.8 11.0
Mule 0.3+0.5 0.0 76.5 23.5
Donkey 0.35+0.6 0.0 81.8 18.2

Figure 7 shows farmers’ perceived reasons for decreasing livestock population in the study
areas. About 51% of the farmers believed that feed shortage was the main reason responsible
for the decreasing livestock population, while about 18%, and 31% of the farmers mentioned
disease and population pressure, respectively, as the main cause for the decreasing trend

(Figure 7).
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Figure 6. Reasons for decreasing livestock population as perceived by farmers in (N=205)
4.1.4. Major feed resources

The major feed resources and their contributions are shown in Figure 8. Grazing (both
private and communal) contributed the largest share of the feed resources, followed by crop
residues, oat-vetch forage and desho grass, and hay. Concentrate supplements also
contributed to about 7.5% of the feed resources, and tree Lucerne foliage about 5%,

according to the respondents (Figure 8).
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Figure 7. The contribution of different feed resources in the study area
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4.1.5. Reasons for establishing tree Lucerne in the area

Figure 9. Shows the response of respondent farmers as to their main purpose of growing tree
Lucerne in their farmland. About 44% of the farmers mentioned that their main reason for
engaging in tree lucerne cultivation is to produce livestock feed supplement, while about
13% and 8% mentioned soil fertility function and seed production. Fencing, firewood and

ornamental functions were rated low (Figure 9).
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Figure 8 Purpose of establishing tree lucerne fodder by respondent farmers (n=205)

4.1.6. Role of gender on overall seedlings performance

The role of gender on overall seedlings performance is presented in (Figure 10).
Comparatively more than half of the tree lucerne seedlings research protocol were conducted
on male household head (MHH) farm field, whereas, less fodder seedlings plots were chosen
from female household headed (FHH). However, the field evaluation result showed that

about 34.9% of the fodder seedlings from MHH plot were not survived, whereas, only about
24



16.7% from FHH were not survived. Even if less participation of female in the research

protocol, more well performed seedlings have been observed from FHH (Figure 10).
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Figure 9. The role of gender on seedlings performance in the study area

4.1.7. Potential opportunities and challenges for seedlings establishment

Several opportunity and challenge could be the factor for the establishment and survival of
the fodder seedlings; however the factors may not have equal contributions. In the present
study five major opportunities and eight challenges were ranked. Potential niches were one
of the main ranked opportunities for Lemo and Endamehoni woreda respondents, whereas,
land for the future expansion of the fodder seedlings was the main ranked opportunity for
the Sinana site respondents. In contrast to this, the availability of land was main challenge
for fodder seedlings establishment in Endamehoni and Lemo site. Poor survival of the
seedlings due to animal browsing and inadequate technical support were ranked as the major
challenges in Sinana site. Availability of water for dry season irrigation was observed as one
of the good opportunity by Sinana and Endamehoni sites farmers. Planting the fodder

seedling around water logged area was ranked as the main challenge in Lemo site.
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Table 5 Ranking of the potential opportunities realized and challenges faced by farmers
during tree Lucerne fodder seedlings establishment period in the research sites

Lemo Sinana Endamehoni
Opportunity realize Index Rank Index Rank Index Rank
Availability of enough labor 0.264 2 0.174 4 0.179 4
Availability of land for expansion 0.135 5 0.255 1 0.110 5
Potential niche 0.271 1 0.210 2 0.266 1
Availability of water for irrigation 0.149 4 0.197 3 0.209 3
Farmers motivation for the technology 0.181 3 0.164 5 0.236 2
Challenges faced by farmers:
Less preference of farmers 0.072 6 0.146 4 0.081 6
Less knowledge on how to establish 0.036 8 0.105 5 0.107 5
Lack of water for irrigation 0.216 2 0.090 6 0.069 7
Inadequate technical support 0.125 4 0.175 2 0.135 4
Limited HHs land holding 0.164 3 0.028 8 0.230 1
Poor tolerance due to water logged 0.226 1 0.048 7 0.019 8
Low survival due to animal browsing 0.106 5 0.241 1 0.174 3
Less survival due to prolonged dry season  0.055 7 0.167 3 0.185 2

NB= Index = sum of (3xnumber of HHs ranked 1st) + (2 x number of HHs ranked 2nd) +
(1xnumber of HHs ranked 3rd) for each reason divided by sum of (humber of HHs ranked 1st)
+ (number of HHs ranked 2nd) + (number of HHs ranked 3rd) for all reasons.

26



4.2 Measurement and observations

4.2.1 Grouping of participant farmers based on the performance of seedlings

The farmers who have been participating in tree lucerne adaptation trial in Sinana, Lemo and
Endamehoni sites were grouped into three categories based on the level of survival and
growth of the seedlings. The first group included those farmers whose seedlings did not
survive. The proportion of the farmers who fell into this group was 14% in Lemo and 8.2%
each in Sinana and Endamehoni sites (Table 6). The second group included those farmers
whose seedlings performed poorly and the proportion of the farmers who fell under this
category ranged from 26 to 33% across the three sites. The last group included those farmers
whose seedlings survived and performed well, and the majority of the farmers (57-59%) fell
into this category (Table 6).

Table 6 Grouping of farmers participated in the tree lucerne adaptation trial based on
survival and growth performance

Woreda
Farmer Seedling performance Lemo Sinana Endamehoni  Average
groups (n=93) (n=51) (n=61) (%)
% % %
I Seedling did not survive 14.0 8.2 8.2 10.14
II Seedling perform poorly ~ 26.9 34.9 32.8 31.53
I Seedling perform well 59.1 56.9 59.0 58.33

4.2.2. Survival of seedlings as affected by different planting niche
The major planting niche for the study area is presented in Table 7. The maximum survival
rate was observed for plants which grew around backyard on small plot followed by that

grown on the counter lines, where the lowest survival rate was achieved from plants grown
27



around water logged areas. Planting fodder seedling around backyard and as scattered trees
on the counter line showed significantly (p<0.05) higher survival rate among remaining
planting seedlings around water logged areas showed

growing niches. However,

significantly (p<0.05) lower survival rate. The fodder seedlings survival rate was similar

among the different locations.

Table 7 Effect of growing niche on seedlings survival rate

Seedling survival (%) Overall
Growing niche Lemo Sinana Endamehoni (%)
Home gardens around live/dead fence 41.77+4.73 39.2048.73 42.56+3.90  41.18%
Backyard on small plot 56.89+4.07 52.82+4.60 54.18+4.26 54.63?
On the contour line 51.94+5.04 48.65+5.63 49.50+9.76  50.03%
As hedges along pathways 45.58+6.17 41.36#5.80 41.13%5.27  42.69%
Open land around free grazing 25.8146.17 21.62+5.41 23.64%5.27 23.69°
Around water logging area 3.96+1.76 5.5+£1.51 4.25+1.56 4,57
Wood land around boundary 29.65+5.22 - 34.43+4.75  32.04
Woredas NS
Significance (P-value) Growing niche falelel
Woredas * Niche NS

Values followed by the same letters in column are not significantly different at (p<0.05);
Survival percentage of seedlings was calculated as the number of trees surviving during the
experiment period divided by initial tree number times 100%.

4.2.3. Agronomic and management practice affecting the survival rate of seedlings

The effect of agronomic and management practices on seedlings survival rate is presented in
Table 8. The result showed that weeding, mulching and fencing/protection significantly

(p<0.05) improved the survival rate of seedlings in comparison to other agronomic and

management practices. Transplanting too small seedlings showed lower (p<0.05) survival
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rate as compared to the remaining agronomic and management practices. Generally survival
rate was significantly higher for farmers who applied weeding, mulching, watering, fencing
and fertilization. High mortality rate of seedlings was recorded with those farmers who did
not have awareness on the mentioned agronomic practices.

Table 8 Survival rate of seedlings as affected by different management and agronomic

Locations/sites

Agronomic and management Lemo Sinana Endamehoni  Overall

practices Survival (%) Survival (%) Survival (%) (%)
Protections and fencing only 45.22+3.75 43.27%6.70 44504559  44.33°
Watering/irrigations only 42.26%3.35 45.21+4.99 42.39+5.66  43.29"
Weeding, and others* 66.84+2.94  62.75+4.01  64.43+3.35  64.67%
Transplanting too small seedlings  18.70+3.87 21.82+3.87 20.61+3.27  20.38¢
Inadequate hardening up 28.88+3.76 31.62+5.30 30.02+4.52  30.17°¢
Woredas NS
Significance (P-value) Management practices falelel
Woredas * management NS

practices in the study areas
*others = Protections/fencing, mulching, watering/irrigations, proper hardening up, use of

optimum seedlings size for transplanting; Values followed by the same letters with in the
column are not significantly different

4.2.4. Dry matter yield of seedlings as affected by plant spacing and site

Table 9 shows the biomass yield data according to plant spacing and site. The different sites
in the area resulted in similar dry matter yield, whereas plant spacing showed significant
(p<0.05) differences for annual dry matter yield. The 100 x 100cm plant spacing showed
significantly (p<0.05) higher dry matter yield than the remaining plant spacing. The 50 x

100 and 50 x50cm plant spacing were not significantly (p<0.05) different.
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Table 9. Dry matter yield of a year old tree Lucerne plant (t/ha) according to planting space
and site of growth

Planting Dry matter yield (t/ha) Overall
SEM P- value

spacing (cm)*  Lemo  Sinana Endamehoni Mean
50x50 3.28 3.01 3.21 3.20 0.17
50x100 3.83 3.6 3.56 3.65P 0.17 0.001
100x100 4.88 4.22 4.65 4,752 0.18
Overall mean 4.39 3.6 3.61 3.87
SEM 0.15 0.20 0.17
P-value 0.627

*50x50 refers to 50cm between plants and 50cm between rows; 50x100 refers to 50 cm
between plants and 100cm between rows; 100x100 refers to 100cm between plants and
100cm between rows; Values followed by the same letters are not significantly different at
(p<0.05); the DMY is expressed as tone per hectar per year (t/ha/year)

4.2.5. Growth and root collar diameter at different growing stages

The mean height of seedlings recorded at 3, 6, 9 and 12 month of growth are presented in
Table 10. The mean height reached about 51cm after 3 months of growth, 94cm after six
months, 221cm after 9 months and 280cm after 12 months. The result shows that the growth
rate of the seedlings accelerated after six months of establishment. There was no significant

(p<0.05) effect of site on the growth performance of the seedlings.

30



Table 10 Mean height, of tree lucerne fodder seedlings at different stages of growth

Woredas/sites Stages of growth (cm) Overall
SEM
3 month 6 month 9 month 12 month mean

Lemo 50.61¢ 106.82¢ 218.24° 281.80% 164.37 6.83
Sinana 48.88¢ 89.79¢ 218.07° 277.25% 158.50 6.94
Endamehoni 52.30¢ 84.41° 228.92° 280.46% 161.52 6.98
Overall mean 50.60 93.67 221.74 279.84
SEM 8.01 8.03 7.96 7.95

Stages of growth Fxk
P-value Sites/woredas NS

G. stage*Sites NS

Values followed by the same letters within the same rows are not significantly different at
(p<0.05) G. stages =growth stages of tree lucerne

The average increase in root collar diameter under the different growth stage of tree lucerne
is presented in Table 11. The mean root collar diameter of seedlings reached about 0.44mm,
0.78mm, 1.40mm, and 1.7mm at 3 months, 6 months, 9 months and 12 months respectively
after transplanting. The rapid growth in RCD also observed after 6months of seedlings

planting out.
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Table 11 Mean root collar diameter (RCD) of fodder seedlings at different stages of growth

Woredas/sites Root collar diameter (mm) Overall
SEM
3 month 6 month 9 month 12 month mean

Lemo 0.46¢ 0.78¢ 1.45° 1.822 1.13 0.035
Sinana 0.42¢ 0.74 1.27° 1.69? 1.03 0.035
Endamehoni 0.45¢ 0.81¢ 1.49° 1.70? 1.11 0.036
Overall mean 0.44 0.78 1.40 1.70
SEM 0.04 0.041 0.041 0.041

RCD 0.000
P-value Sites/woredas 0.117

RCD * Sites 0.693

Values followed by the same letters within the same rows are not significantly different at
(p<0.05)

4.2.6. Effect of cutting management on biomass yield of tree lucerne

Table 12 shows the dry matter biomass yield of tree Lucerne fodder when cut at different
heights (Imand 1.5m) and frequencies (two to four times per year). The biomass yield under
a combination of these two treatments varied widely, ranging from 3.16 to 8.87ton
DM/halyear. The two cutting heights showed no statistically significant (p<0.05) difference
on dry matter biomass yield production, although there was a trend for the fodder cut at 1.5m
height to have numerically higher biomass yield. However, cutting intervals significantly
(p<0.05) affected the productivity of tree lucerne in the area. The highest biomass yield was
recorded from the prolonged cutting interval (6month), whereas the lowest biomass yield

was obtained from the frequent cut fodder.
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Table 12 Annual dry matter biomass yield of tree lucerne as affected by cutting height and

interval in the study areas

Cutting height (m) Cutting interval (month) Overall
3 4 6 mean SEM

Imeter 3.16° 6.37° 7.53 5.69 1.01
1.5meter 5.16° 7.64° 8.872 7.22 0.991
Overall mean 4,17°¢ 7.01° 8.22°2
SEM 0.65 1.22 0.82

Cutting height NS
P- value Cutting interval Fxk

Height * interval NS

Different superscripts within rows denote significant difference (P < 0.05)

4.2.7. Botanical fractions of tree lucerne as affected by cutting height and interval

The effects of cutting interval on the proportion of botanical fractions (leaf, edible branches

and stem) of tree lucerne are shown in Table 13. The dry leaf proportions consistently

decreased from 63.55% to 54.52% while the stem increased from 2.38% to 16.54% as the

cutting interval increased from 3months to 6 months. The Edible branch contents vary from

28.88% (three months) to 34.08% (six months) as cutting interval increased. All the leaf,

edible branch and stem proportions showed significant (P < 0.05) differences among the

different cutting intervals. The leaf to stem proportion decreased from 96.39% to 76.72% as

the cutting interval increased from three month to six months.
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Table 13 Average dry matter proportion (%) of tree Lucerne biomass yield separated into
leaf, edible branch and stem at different harvesting intervals and harvesting height

Botanical Cutting interval/frequencies (Months)  Overall
Cutting height (m)  fractions 3 4 6 mean
Leaf 62.49? 58.6° 53.44° 58.18
1meter Edible branch  35.63? 30.40° 29.27¢ 31.77
Stem 1.88? 10.99° 17.2¢ 10.05
Leaf 64.612 58.20° 55.6° 59.47
1.5meter Edible branch  32.53% 30.33° 28.49° 30.45
Stem 2.872 11.47° 15.87¢ 10.07
Leaf 63.552 58.41° 54.52¢
Overall mean Edible branch  34.08? 30.37° 28.88¢
Stem 2.38¢ 11.23° 16.542
Leaf: stem ratios 96.39 83.87 76.72

Different superscripts within rows denote significant difference (P < 0.05)

4.2.8. Chemical composition and digestibility of tree lucerne leaf fractions

The chemical compositions and digestibility for tree lucerne harvested at the different

months are presented in Table 14. The ash content for the months of July and October were

significantly higher than the remaining months. The crude protein contents for the month of

June was significantly (p<0.05) higher than that of October, whereas, the other months had

intermediate value.

The highest NDF and ADF contents were observed in July. The ADL contents for the months

of July, October and April were higher than that of May. There were no significant (p<0.05)

differences in IVOMD and ME contents among the different cutting months. The

hemicellulose (HC) and cellulose content for tree lucerne harvested under the different

months showed significant (p<0.05) differences.
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Table 14 Analysis of variance for chemical composition and digestibility of tree Lucerne leave fractions harvested at different

months of the years

Cutting Chemical compositions of tree lucerne (%,ME(MJ/Kg)

Ash CP NDF ADF ADL IVOMD ME HC Cellulose
month
April 5.14+0.1° 25.22+40.6® 50.09+0.7° 26.44+1.1° 11.71+0.7%®® 59.53+0.6 8.35+0.1 23.65+0.6® 14.67+0.5
May 4.97+0.2° 25.82+1.8% 47.83+1.3° 21.68+1.2° 8.05+0.6° 61.5+0.8 8.55+0.1 26.06+0.8% 13.63+0.7°
June 5.10+0.3°  28.10+2.3°  48.22+0.9° 22.63+1.2° 8.98+0.8" 61.58+0.9 8.53+0.1 25.6+1.1*  13.65+0.5
July 6.42+0.2°8 27.79+0.4%* 57.40+1.8% 35.40+1.2% 14.23+0.8° 59.47+0.6 8.31+0.1 22.0+0.6™ 21.17+1.3?
October ~ 6.3240.1° 24.61+0.8° 49.28+0.9® 28.75+0.8° 13.61+0.5° 59.59+0.6 8.36+0.1 20.54+0.3° 15.1440.4°
overall 5.59+0.2  26.31+1.2  50.56+0.9  26.98+1.1  11.3240.7 59.9440.3 8.42+0.1 23.57+0.7 15.65+0.7
P-value 0.000 0.037 0.000 0.000 0.000 0.118 0.177 0.000 0.000
months

Values followed by the same letters within each column are not significantly different at (p<0.05) level according to Duncan
Significant Difference (DSD) test. Values are expressed as mean + standard error, CP= crude protein; NDF= neutral detergent fiber;
ADF= acid detergent fiber; ADL= acid detergent lignin; NS= non-significant; SD= standard deviation; IVOMD= True Invitro
Organic Matter digestibility percent; Hemicellulose = NDF - ADF; cellulose= ADF-ADL
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S. DISCUSSION

5.1. Survey

5.1.1. Household characteristics, educational status and gender role

The average family size in the current study is similar with average family size of (8.2 and 7.2)
in Bahir Dar zuria and Mecha districts, respectively (Asaminew et. al., 2009). The average
family size noted in the current study was nearly lower than the average report of 9.92 + 0.52
heads by Dawit et al. (2013). However, the family size reported in this study is greater than the
value reported by CSA (2003) which noted the average family size of (6) person per households
in Wolayita Zone. In the current study most of the study area households are in working age
level (16 to 60 years). This could be considered as opportunity of the study area and this might
enhances the productivity of agricultural sector. The current finding noted that more than half
of the participants of the study area had junior level education (grade 1-6). Education is one of
the major tools to disseminate new technology in the agricultural sector, and the fact that the
majority of the households can read and write could make it easier to introduce improved
agricultural technologies. Hence, the high level of education in the study area could increases
value on agricultural technology scaling up. This observations has consistence with Mulugeta,
(2005) who reported that low level of education of the households could have an influence on
the use of agricultural technologies and their contribution in development.

In the current study less participation of female was observed. The reason for minimal female
involvement in tree lucerne establishment could be mainly due to cultural factors such as their
pre-occupation with a lot of primary household activities such as child care, food preparation
and collection of firewood which traditionally are not associated with males. This observations
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has an agreement with the findings of Zeleke and John (2010) in the highlands of Ethiopia

whereby female-headed households were less likely to establish trees than male headed.

5.1.2. Land holding and its trend

The current result showed that the higher proportion of land owned by the households was used
for crop production. Hence the current observations agreed with the work of Solomon et al.
(2014) who reported that 76.12% and 18.8% land is allocated for crop productions and grazing,
respectively. This might be explained as one of the case for the shortage of feed resources in the
area. The current study noted that the trend of land holding in the area is decreasing from time
to time. The reason for decrease in land holding could be population growth, urbanization, need
of land for social services and land degradation in order of their influences. To reduce the current
land degradations and hunger there is a need for building up organic matter in the soil and
increase food supply on sustainable basis through adoptions of suitable trees/shrubs

(Nduwayezu et al., 2005).

Almost all farmers reported a decrease in grazing area in the past ten years because of the
practice of converting grazing lands to crop fields which is driven by the ever increasing human
population. A study by Firew and Getenet (2010) also indicated that in Amhara National
Regional State of Ethiopia the feed supply of the natural pasture is decreasing for the same
reasons. Therefore, the current result indicated that the encroachment of crop land over the

grazing land, which leading to the weak integration of crop- livestock farming in the study area.

5.1.3. Livestock composition and its trend in the area
The average number of cattle is significantly higher than other livestock species. The reason
might be in mixed farming system of Ethiopia where crop production is important; cattle are the

most important livestock species for cultivation, threshing, manure and milk production
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(Getachew et al., 1993). The present study agreed with the work reported by Daodu et al. (2009)
who study in Oyo area of Southwest Nigeria and reported that; of the ruminant, cattle are more
with (48%) of the population compared to sheep (28%) and goats (24%). Moreover, Girma et
al. (2014) reported closer findings to current results who accounted cattle and sheep, poultry and

donkey in importance of rank order.

The current study screened out main constraints for livestock production in the area. Feed
shortage, population pressure and animal disease are the leading one. The interaction of these
constraints could affect the performance and the genetic potential of animals leading to
subsistence level of livestock production and each of these constraints might be caused by
different natural and man-made factors interrelated with each other (Agajie, et. al., 2001). Also
Mohammed et al. (2004) revealed that the combined factors responsible to low benefit obtained
were low emphasis withdrawn to the sector and poor husbandry (poor feeding, diseases

management, housing and technology) accessed and supplied.

5.1.4. Major feed resources and purpose of tree lucerne establishment in the area

The major sources of feed resources for livestock in the current study is both grazing and
browsing followed by crop residues. This finding is in line with the work of Seyoum et al. (2001)
in the high lands of Ethiopia. It has also consistence with the work of Mesfin (1992) who
reported that grazing and browsing account for nearly 88 % of the total feed supply in Ethiopia.
It was observed that around homesteads of some households, there was improved fodder tree as
live fence, but some farmers did not feed to their animals because of lack of awareness.
According to the study, some respondents are not growing forage crops which might be
explained as scarcity of land and lack of awareness for the study area farmers. Hence, similar
result is observed from Dandi District, Oromia Regional State, by (Duguma et. al., 2012).
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According to the participant farmers opinions , tree lucerne is adopted and established in the
area for multi- purpose uses like livestock feed, soil fertility, seed productions and others. This
observation agrees with the work of Takele (2014) in Wolayita zone Soddo Zuria Woreda.
According to the same author multi-purpose trees (MPFTSs) are miracle tree used as meeting
under the tree shade, providing service like boundary demarcation or barrier, soil erosion
protections and as livestock feed resources in the area. Multipurpose fodder tree resources can
increase feed resource base for the season of feed gap to supplement poor quality roughages, as
the MPFTs are rich in CP, minerals and energy and can maintain their feeding value for extended

period of time due to their deep root system (El Hassan, 2000; and Zomer 2009).

5.1.5. Potential opportunities and challenges faced by farmers

During on farm establishment of fodder seedlings several factors have been assessed. At all sites
farmers have their own constraints and opportunities during tree lucerne establishment periods.
Lemo woreda has enough labor for implementing the different agronomic practices as compared
to the remaining woredas. Sinana woreda has no fear in case of land availability for tree lucerne

establishment. The potential of planting niche is relatively good in all sites.

Farmers’ participations/motivations at all stages of management practices for tree lucerne
establishment in Endamehoni and Lemo woredas is well as compared to Sinana woreda.
According to the informations revealed from Sinana site, more than half of the woreda
respondents who participated in tree lucerne research protocol are relatively categorized in to
better income class. Hence, the farmers gave more attention for their crops, livestock, and other
non-farm more profiting activities. Due to this reason no one could care for the fodder seedlings
and this could be one of the case for the poor surviving of the seedlings in this site. The

motivation for establishment of fodder in Endamehoni woreda farmers is comparably higher
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than the remaining woredas participant farmers. In generally successful improved forage
production program programs must be adapted to the economic, social and environmental

conditions in each region where they are to be implemented (Mengistu, 2002).

One of the prioritized challenges in the Lemo & Endamehoni woredas is less land holding. But
this is unfortunately accounted as the main opportunity in Sinana woreda. So the woreda has a
better access for the tree lucerne fodder expansion in the future as compared to the Endamehoni

and Lemo woredas.

5.2. Measurement and Observations

5.2.1. Effect of planting niche and locations on survival rate

Successful establishment of tree legume species will only be achieved if the characteristics of
the proposed planting niche are matched against the climatic and edaphic requirements of the
species. If the establishment requirements are not fully met, growth of seedlings will be poor
unless the soil is amended or an alternative site is found (Shelton, 1992). Fodder tree and shrubs
growing niche identified in the area ensure that the trees serve other purposes like boundary
demarcation, soil conservation and fuel wood production to make the technology more attractive
to farmers (Getinet, 1998; Kindu et. al., 2013).

As noted in the current study back yards are the most intensively used niches and often consisted
of a mixture of plants. Different tree and shrub species, including indigenous medicinal plants
and fodder trees were planted in mixtures around the backyard. More than half of the seedlings
planted around backyard survived and performed well. The reason might be that this niche is
found near to residential home, hence, it gets more chances for manure applications, mulching
and other agronomic and management practices by women without expending more labor. The

current observations is conformity with the work of Kindu et al. (2013) who indicated backyard
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were preferred because they were more accessible and easy to involve women and the youth,

the gender groups that often manage the established vegetation.

The present observation in Lemo site showed that growing tree lucerne with integration of others
crops and livestock forage (desho grasses, elephant grasses) in the crop land especially on the
contour lines. But, most farmers could not easily accept planting of tree lucerne on their crop
land because of fear of tree competition for moisture and nutrients. This observation is in line
with the work resulted by Kindu et al. (2013) who reported that tree and shrub species could be
integrated in crop land with different arrangements; however, farmers could not easily embrace
planting of new trees because of fear of tree competition for moisture and nutrients; in addition
to the difficulty in use of oxen ploughing. In fact, because of shelter, soil conservation and
nitrogen benefits, well-designed contour forage strips frequently increase the productivity of the
area between contours in addition to the products from the contours itself (Alemayehu, 2002).
The same author pointed out that Pioneer species such as Pigeon Pea, Phalaris, and Greenleaf
Desmodium are particularly reliable understory species when planted with Leucaena or tree

lucerne on the contour lines.

Establishing tree lucerne around open land in free livestock grazing area is observed as the main
planting niche for the selected woreda specially Sinana site. However, livestock browsing might
be a major challenge to this tree growing niches. Closer results by Kindu (2001) depicts

uncontrolled browsing has effect on tree and shrub species integration success.

In the current study planting fodder seedlings around water logged area has been noted as the
main factor for the poor survival and performances of tree lucerne over the study area. This
finding agreed with the work of Hawley (1984) and Getinet (1998) who reported that tree

lucerne is susceptible to water logging & saline conditions. The reasons for choosing of this
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planting niche might be due to land shortage and less awareness creations from the stockholders

especially in Lemo and Endamehoni sites.

5.2.2. Management factors affecting survival rate of fodder seedlings

Protections and fencing is one of the non-agronomic management practices which enhances
survival and growth performance of fodder seedlings by saving seedlings from browsing of wild
and domestic animals. Stealing or intentional damaging of seedlings by human beings could be
also minimized by fencing and security. In the present investigation, growing of tree lucerne
around open land/free grazing area in Sinana site has been observed as the main reason for
higher mortality of seedlings as compared to remaining sites. This result is consistent with the
work of Kindu et al. (2013) who reported that free grazing had been identified as one of the
constraints limiting tree/shrub integration activity. In fact, livestock browsing problem is
relatively low for those grown around backyard on small plots over the study sites, since
household members could watch the livestock for better protection and management of newly

planted fodder seedlings.

In the current study weeding is noted as the main agronomic practices for the seedlings
performances. Competitive interference imposed by weeds on the growth of establishing tree
lucerne can markedly limit the biological 'space’ which a seedling can occupy. Supplies of
moisture, light and nutrients can become extremely limiting because of the competition for these
resources by either existing or newly emerging weeds. Hence, the current observations agreed
with the work reported by Cook and Ratcliff (1985) who examined that the relative competitive
effect of weeds on establishment and performance of legume trees. The numerically lower
seedlings survival and slow growth of fodder seedling in Sinana site might explain the

inadequate weeding practices of some farmers in the areas. This result is similar with the work
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of Shelton (1992) who reported that the reason for poor seedlings survival and slow growth of
many tree legumes is competition of fast growing weeds which may slow or completely
dominate their growth. Therefore, young seedlings should be protected from weed competition

until they are well established.

In the present observations transplanting too small fodder seedlings is the major prioritized
problem for the poor surviving of the seedlings in the study area. Most legumes seedlings are
grown in nursery, until they reach a height of 30-50 cm (Shelton, 1992). No single characteristic
determines seedlings quality. Seedling quality is a combination of height, diameter, plant
nutrition, health, root size and shape. Together, these characteristics determine how well the
plant will establish itself in the field, and they affect the rate of survival. Height alone is often

not a good predictor of how a plant will grow in the field (www.worldagroforestry.org).

Hardening up has been observed as the second major case for the poor fodder seedlings survival
rate in the study areas. Hardening is gradual preparation of seedlings for field conditions which
expose the seedlings to harsh conditions to make them strong so that they will be able to survive
under harsh climate in the field after planting out. In order to establish health seedlings,

hardening could be applied before exposing the seedlings to the field (Shelton, 1992).

5.2.3. Dry matter yield of tree lucerne as affected by plant spacing and site

The impact of locations and plant spacing on annual dry matter yield is observed in the current
study. Tree lucerne annual yield is higher in 100 x 100cm plant spacing as compared to the two
relatively closer plant spacing. In the present study the closer plant spacing resulted the lower
dry matter biomass yield over the study sites. Therefore, the present study is closer similarity
with the work presented by Sanchez (2006) who reported that the wider plant spacing generally
produce plants with bigger stem diameter with higher dry matter yield because of reduced
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competition for growth factors and hence promote nutrient reserve accumulation especially
carbohydrates in the root collar and closer plant spacing promotes taller plants with lower yield
due to competition for growth factors such as soil moisture, light and nutrients. The observations
from moringa oleifera by Turgut et al. (2005) showed closer plant spacing generally resulted in
taller plants because there was competition for growth factors especially light and space while
in wider plant spacing, there was minimum competition for light and space, hence had reduced

plant height due to minimum etiolated.

The overall dry matter yield value noted in the current finding is within the range contents of
Lefroyet al. (1994), who reported the DMY of 3-9 t/ha/year for a year old tree lucerne. But the
current work strongly disagrees the work of Eastham et al. (1993), Milthorpe and Dann (1991),
Oldham et al. (1991) who reported (3.2, 1.1 and 3.0 ton/ha/yrs.) dry matter yield respectively,

whereas, 7.9 t/ha/year DMY of tree lucerne is reported by (McGowan and Matthews, 1992).

5.2.4. Growth and root collar diameter at different growing stages of fodder

The long dry season, which extended from seven to nine months over the study area, clearly
explains the slow growth and survival of the tree lucerne fodder seedlings during the trial
periods. As compared to Lemo and Endamehoni, the numerical slow height growth and survival
has been observed in Sinana site might be explained as a response to the site condition and the
long dry season with severe moisture stress especially during the initial seedlings growth in the

area (Kahsay et al., 1997).

During the first three month after planting out, tree lucerne suffered shock resulting in slow root
collar diameter and height growth. Hence, closer work is reported by Chamshama et al. (1984)
who noted after planting out in the field the plant of Senna Singueana suffered shock resulting
in slow height growth and loss of leaves, which are essential for photosynthesis. The wilting of
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leaves after planting out could, however, be mechanism by which young plant minimize water
loss by transpiration processes; which was very crucial for root growth and development
(Chamshama et al. 1984). The accelerated increase in the rate of RCD and height growth after
recovering from the transplanting shock, which explaining the high efficiency of root system.
Hence, the present study is in line with the work reported by Nduwayezu et al. (2005) for Senna
singuean Species. The relatively fast growth of tree lucerne seedlings in Lemo and Endamehoni
site might be indicator of the higher yield production from the area. Similarly Baris and Ertenkin,
(2010) reported that fast growth of seedlings is an important indicator in terms of determining
the situation of growth response especially in the first growing period and it is commonly

assumed that the early fast growth rates of trees reflect productivity status of the plant.

5.2.5. Effect of cutting height and interval on biomass yield of tree lucerne

The current finding showed statistically similar annual dry matter yield for the two (1m and
1.5m) cutting heights. Therefore, cutting heights could not affect the biomass yield of tree
lucerne. This observation in accordance with the report by Buakeeree (2006) who indicated that
the biomass yield of hedge lucerne shrub is not affected by cutting height. However, Battad
(1993) reported significant effect of cutting height on biomass yield of hedge lucerne. The
biomass yield increases as cutting interval increased from three months to six months. The
current observations is in agreement with the findings of McGowan and Mathews (1992) where
long harvest interval per year gave significantly higher yields than more frequent harvests per
year. Getinet (1998) also reported that two harvests per year gave significantly higher yield than
six harvests per years. Re-growth of tree lucerne occurred primarily from new axillary buds.
Development of axillary buds was very slow in the first few weeks after cutting but increased at

fastest rate with time, hence this slow initial growth explains why the cumulative growth of
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plants harvested at three months interval was much less than that of plants harvested at six

months interval (Getinet, 1998).

5.2.6. Effect of cutting height and interval on leaf, edible branch and stem fractions

The present observation for the two cutting height showed similar botanical fractions whereas,
cutting intervals on botanical fractions showed significant differences. This observation is in
line with finding noted by Getinet (1998) who reported that the leaf fraction decreased as cutting
interval increased from two month to six month interval. Of all the fractions, leaf is the most
vital component with the highest quality for livestock feed. Hence, the main requirement in
growing tree lucerne is to increase the proportion and amount of leaf produced. The current
study reported a significant difference for the edible branch fraction among the different cutting
intervals. This observation is not agreed with the work resulted by Getinet (1998) who reported
statistically similar result for edible proportions. According to the similar author the stem
proportion of tree lucerne showed significant differences among the different cutting intervals.

Hence, the current observation on stem proportions is in accordance with this report.

5.3 Chemical Composition and digestibility of tree lucerne

The ash contents of tree lucerne leaf fractions in the current study is nearly similar with the
reported value of (5.5%) for tree Lucerne by (Borens, 1986) whereas, the current finding
reported slightly higher contents as compared to the work revealed by Pande (1990) who

reported the ash content for tree lucerne (5.18%).

In the current study higher crude protein content was observed compared with the values
reported by Getinet, (1998), Lefroy et al. (1992), Seyoum, (1994), Kashay et.al (1997) and

Dereje (2014); but Hawley (1984) reported higher CP% of up to 31% from young tree lucerne
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leaf fractions. The CP content is highest in June followed by July. Thus the quality of this fodder
reaches its optimum point in June and July. As noted by Kazemi et al. (2012) legumes, grasses
and grass-legume mixtures containing greater than 19% CP are rated as having prime standard
and those with CP values lower than 8% are considered to be of inferior quality. The CP
concentration of the browse fodder plant in the present study is higher than 19%, suggesting the
possibility of considering their use as an alternative plant protein sources to improve the nutritive
values of poor quality ruminants feeds in the study area. Except for CP contents, the NDF, ADF,

ADL noted in the current study is lower than the work of Getu et al. (2012).

In the present study the mean NDF content of tree lucerne leaf fractions is higher than the value
reported by Bonsi et al., (1995), Borens and Poppi, (1990), Lambert et al.,(1989), Ventura et al.,
(2002), Tariku (2014) and Kashay et.al., (1997). However, the NDF content from the current
observation was nearly in agreement with the finding of Dereje (2014). According to Van Soest
(1965) feeds with NDF values above 55% limit appetite and digestibility. The NDF contents in
current study ranged from (47.83% to 57.40%) and can be categorized as a high quality feeds.
According to Kazemi et al. (2012) forage legumes with a respective NDF and ADF values
falling within a range of 40 — 46% and 31 — 40% are rated as having a first grade quality standard.
The NDF and ADF contents of the tree lucerne evaluated in this work fall within these ranges
indicating their potential to be used as source of supplement for improving the feeding value of
poor quality roughages. Kellems and Church (1998) also indicated that roughages with less than
40% ADF are categorized as high quality and those with greater than 40% as poor quality. In
general the relative higher value of CP and lower value of ADF and NDF in this study could be

indicative of its better quality and digestibility of tree lucerne leaf.

47



The mean ADL contents noted in the current study is comparatively higher than the work
reported by Lambert et al. (1989), Solomon et al. (2004), Pande (1990), Dereje (2014) whereas,
the ADL contents reported at the current study is nearly in line with the contents reported by
Bornens and Poppi, (1990); Bonsi et al., (1995) and Adugna et al., (1997) who reported that the
ADL content for tree lucerne ranges between (6.4% - 7.7%).

IVOMD content in the current study is comparatively lower than the value reported by Douglas
et al. (1996). The IVOMD reported for the current study is similar with work reported by Tariku
(2014). In the present study the mean IVOMD contents was higher than the threshold value of
50% required for feeds to be considered as having acceptable digestibility (Owen and
Jayasuriya, 1989), and was also higher than values reported earlier for other herbaceous (65%)

and browses (55%) legume species by (Seyoum et al. 1996).
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6. SUMMARY AND CONCLUSION

The study was conducted in the highlands of three woredas located in southern region (Lemo),
in Oromia region (Sinana) and Tigrai region (Endamehoni). These kebeles are Africa RISING

project implementation sites, where on-farm researches on tree lucerne fodder were conducted.

The size of land allocated for grazing was lower by quarter as compared to crop cultivation. The
trend of land holding in the area is decreasing from time to time. The major livestock feed
resources available in the area are crop residues and natural pasture, and cattle are the dominant
livestock species raised. Hence, livestock feeding is mainly based on crop residues and natural

pasture.

The niches identified besides providing a quality feed source for livestock, it could provide other
purposes to make the technology more attractive to farmers. The current work indicated that
growing of seedlings around backyard on small plots results significantly higher survival rate
compared with other growing niche. Agronomic practices like weeding, mulching and use of
appropriate size of seedlings could increase the survival rate and performance of tree lucerne.
Management practices like fencing, protection and security could also minimize the damage of
seedling by browsing of livestock. The rapid increase in height and root collar diameter (RCD)

for tree lucerne observed after six months stages of growth.

The two cutting heights under the present investigation did not significantly differ in biomass
yield. However, Cutting interval significantly affect the biomass yield of tree lucerne. The
highest biomass yield was recorded from the prolonged cutting interval, whereas, the lowest
biomass yield was obtained from the frequent harvested fodder. The leaf fractions consistently

decreased as the cutting interval increased from three months to six months. While the stem
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fractions increased as the cutting interval increased from three months to six months. Cutting
interval longer than six months might cause reduced leaf fractions by dropping, flowering and
pod formation which usually affects the feeding value. Hence, in order to maximize the biomass
yield as well as nutritive value; it should be recommended to harvest tree lucerne at four month
to six months cutting intervals at any convenient cutting height between 1meter and 1.5meter

above the ground levels.

The nutritive value of tree lucerne leaf in terms of IVOMD and ME did not vary under the
different months. The present study showed that tree lucerne has reasonable amount of CP, high
IVOMD and ME this suggested that tree lucerne is a good alternative fodder for livestock.
Whereas, cellulose and hemicellulose components in leaf fraction were lower. Moreover, the
higher CP and lower fibre value in the leaf fraction are indicative of a good protein source for
poultry or other mono-gastric animals. Therefore, the present results on the yield and nutrient
contents in tree lucerne leaf suggesting that it could be a suitable protein supplement for
ruminant livestock in the study areas. Generally, if tree lucerne is grown in abundance, in Lemo,
Sinana and Endamehoni woredas it could help small and medium-scale farmers to overcome the

shortages of quality feeds leading to a reduction in the livestock production cost.
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7. SCOPE FOR FUTURE WORK

Further studies could be conducted at longer base to evaluate the effect of different
cutting heights and cutting intervals on biomass production and chemical compositions
of tree lucerne.

There is a need to conduct animal experiments to assess the effects of tree Lucerne
supplementation on feed intake and animal productivity in terms of milk yield and body
weight gain.

It is important to conduct similar studies on different locations with varying climatic
conditions and soil types, different feed resource types and grazing management
practices in the crop-livestock farming system which have higher livestock population
but a declining land size per household.

Farmers’ motivation to plant and maintain fodder tree species need governmental and

non-governmental support.
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APPENDIX
Appendix Tables
Appendix Table 1 Ranking of the potential opportunity realized and challenges faced by

farmers during establishment periods
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Lemo Sinana Endamehoni

Opportunity realize Index Rank Index Rank Index Rank
Availability of enough labor 0.264 2 0.174 4 0.179 4
Availability of land for expansion 0.135 5 0.255 1 0.110 5
Potential niche 0.271 1 0.210 2 0.266 1
Availability of water for irrigation 0.149 4 0.197 3 0.209 3
Farmers motivation for the technology 0.181 3 0.164 5 0.236 2

Challenges faced by farmers:

Less preference of farmers 0.072 6 0.146 4 0.081 6
Less knowledge on how to establish 0.036 8 0.105 5 0.107 5
Lack of water for irrigation 0.216 2 0.090 6 0.069 7
Inadequate technical support 0.125 4 0.175 2 0.135 4
Limited HHs land holding 0.164 3 0.028 8 0.230 1
Poor tolerance due to water logged 0.226 1 0.048 7 0.019 8
Low survival due to animal browsing 0.106 5 0.241 1 0.174 3
Less survival due to prolonged dry season  0.055 7 0.167 3 0.185 2

NB= Index = sum of (3xnumber of HHs ranked 1st) + (2 x number of HHs ranked 2nd) + (1xnumber
of HHs ranked 3rd) for each reason divided by sum of (number of HHs ranked 1st) + (number of
HHs ranked 2nd) + (number of HHs ranked 3rd) for all reasons.

Appendix Table 2 Analysis of variance (ANOVA) for seedlings survival rate (%) as affected
by locations and planting niche

Sources Type Il Sum DF Mean squares F value P-value
of Squares
Corrected model 37304.345 19 1963.385 5.157 0.000
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Intercept 10670.730 1 10670.730 272.325 0.000

Woredas 377.005 2 183.503 0.48 0.280
Niche 11776.127 6 1962.688 9.534 0.000
Woreda * niche 3501.601 11 318.327 0.336 0.850
Error 7042.169 185 380.687

Total 107731.513 205

DF = degree of freedom;

Appendix Table 3 Analysis of variance (ANOVA) of locations and management practices on
survival rate

Sources Type 111 Sum of DF Mean Fvalue  P-value
Squares squares
Corrected model 6519.625 14 464.923 20.717 0.000
Intercept 2250.842 1 2250.842 10.03 0.000
Woredas 91.163 2 45.582 0.203 0.816
Management 5672.985 4 1418.246 62.464 0.000
Woreda* management 3194.780 8 399.348 1.779 0.083
Error 4239.887 190 224.420

DF = degree of freedom

Appendix Table 4 Analysis of variance (ANOVA) of locations and plant spacing annual DMY
yield of tree lucerne fodder
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Appendix Table 5 Analysis of variance (ANOVA) of Growth of fodder at different stages of
growing

Sources Type 11l Sum of Squares DF Mean Fvalue P-value
squares
Corrected model 2.540E’ 8 3.175E’ 3.311 0.000
Intercept 5.329E® 1 5.329E® 555.65  0.000
Woredas 8.972E° 2 4.486E> 0.468 0.627
Plant spacing 1.341E7 2 6.707E°® 6.994 0.001
Woreda* Spacing 3.408E° 4 8.5189E* 0.89 0.986
Error 1.880E® 196 9.590E®
.|
Sources Type Il sum of square D.F Meansquare Fvalue p- value
Corrected total 153.080 11 13.916 56.953 00.00
Intercept 700.594 1 700.594 2.867¢F 0.000
Woredas/sites 0.317 2 0.158 0.424 0.655
Stages of growth 507.038 3 169.013 452.950 0.000
Woreda* stages 1.456 6 0.243 0.650 0.690
Error 214.181 o574 0.373

Appendix Table 6 Analysis of variance (ANOVA) of RCD at different growth stage

Sources Type Il sumofsquare D.F Meansquare Fvalue p- value)
Corrected model 508.633 11 46.239 123.920 0.000
Intercept 1527.911 1 1527.911  4.095F 0.000
Woredas/sites 1.054 2 0.52 2.156 0.117
RCD 1151.272 3 50.424 206.361 0.000
Woreda*RCD 0.948 6 0.158 0.647 0.963
Error 141.233 578 0.244
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Appendix Table 7 Analysis of variance (ANOVA) of biomass yield of tree lucerne as affected
by cutting intervals and height in the areas

Sources Type Il Sum DF Mean Fvalue significance
of Squares squares

Corrected model 17840 5 3568 3.871 0.000

Cutting height 1209 1 1209 1.312 0.253

Cutting intervals 1634 2 817 8.861 0.000

Cutting height * intervals 329400 2 638.755 0.069 0.933

Error 2332.32 253 9.219

Appendix Table 8 Analysis of variance (ANOVA) of leaf fractions of tree lucerne as affected
by cutting intervals and height in the areas

Sources Type Il Sumof DF Mean F value P-value
Squares squares

Corrected model 8889000 5 1777810.910 15.704 0.000

Cutting height 33076.10 1 33076.10 0.292 0.589

Cutting intervals 8268627.086 2 4134313.543 36.519 0.000

Cutting height * intervals 468380.525 2  234190.262 2.068 0.128

Error 468380.526 2 2864183.745

N.B. The botanical fractions (leaf, edible branch and stem) were measured, and analyzed in
gram by using univarate analysis. After analysis the values are presented in proportions (%) to
evaluate effect of height and interval on botanical fractions. The conversions were done as

. (2121 21 21 2 21 2 R 2 21 2D (20
follows: For example, average proportions leaf DM = *
[ PR R RIRIRIE 2 21 09 21 () 21 ) 21 (R 20 20 ) 2 ) e 21 2

100%. Similar trends were followed to present the edible and stem fractions in this result
sections. Hence, | did appendix table for only leaf fractions.

69



Appendix Table 9 Analysis of variance (ANOVA) of chemical compositions of tree

lucerne as affected by different cutting months in the areas

Type 111 Sum of DF  Mean Fvalue Sig.
Squares squares
Ash Between group 27.520 4 6.880 11.850 0.000
Within group 35.415 61 0.581
Total 62.935 65
CP Between group 115.582 4 28.895 2.740 0.037
Within group 643.283 61  10.546
Total 758.865 65
NDF Between group 1020.273 4 255.068 7.871 0.000
Within group 1976.672 61 32404
Total 2996.945 65
ADF Between group 1729.165 4 432.291 10.537 0.000
Within group 2502.636 61  41.027
Total 4231.801 65
ADL Between group 328.550 4 82.138 9.194 0.000
Within group 544.975 61 8.934
Total 873.525 65
IVOM  Between group 44.502 4 11.125 1.920 0.118
D Within group 353.418 61 5.794
Total 397.920 65
ME Between group 0.498 4 0.125 3.934 0.117
Within group 1.932 61 0.032
Total 2.430 65
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QUESTIONNAIRE
GENERAL INFORMATIONS

Location
Date
1. Name

2. Region

3. Woreda

4. Kebele and sub-kebele

5. Sex

6. Age

7. Table 1. Household size under different age and sex category in the woreda:
Age category Male Female Total

HOUSENOId (HH)  ccerererrrrieiiieee cereevseeseecseessness ceseessesssesnsennenns
AQE groUP <O YEAIS cirvceeccsrcrsnnssses cevessssesessnessanese sssesssessssssasesnnne
AQe group 10-15 YEAIS  cicvcceccsrcrcrnsssses cecessssesessnesssness sssesssessssssasesanee
AQe group 16-60 YEAIS = cicvceccsrersnisiies cevessesesessnesssnese ssscsssessssesesesnnne
AgE group aDOVE 60 YEAIS  .ccccecseecseesseess cereesseeseecseesseess  csssessesssesasesnenns
Total Tamily SIZE eererrrrtinee ceeesseesseseesneess sseessesssessssssenes

8. Do you think that your animals have adequate feed throughout the year? Yes / No

If no, on which months of the year shortage of feed become more severe? -----------------
8.1 When there is feed scarcity, what measures have you took to alleviate feed shortage?
(a) Storing the feed during available in surplus in the area ___ (b) Using improved browse

species___ (c) (d) Hay making ___e. purchasing feed supplement

(f) Traveling long distance for searching feed

(g)Others (specify)
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9. Table 3. Educational status of the study area

NO Education status

illiterate

Grade 1-6

Grade 7-10

Grade 11-12

Some diploma/higher educations

g B~ W N

10. Who is the house hold head (HHH)?

(a). Male Female (b) Female

Others specify

11. Family size

12. Farm size in hectares

13. What proportion of your farm land is allocated to livestock grazing?

14. What proportion of your farm land is allocated to crop cultivations?

15. What proportion of your farm land is allocated for improved forage crops?
16. Number of livestock kept (insert the number in the blank space)

(a) Cattle.... (b) Sheep.... (c) Goat....... (d) Chickens ........ (f) Equines .......
17. Livestock population trends and the reasons (tick one of the blank spaces)

Increasing decreasing stable Reason

oooooooooooooooooooooooooooooooooo

oooooooooooooooooooooooooooooooooo

ooooooooooooooooooooooooooooooooo

18. Who has been managing the trial plot?

a. Myself and My son (b) my husband and my daughter

c. My wife and my grandfather (d) All of the family

OLhErS (SPECITY) ueuereneinerecrsrensenesanessnncssnsssassssssssnsssssssassssassssssssassssasssassssssssassssasssassse



19. Can you mention the main planting niche for tree lucerne?
(a) (b) (c) (d)
(e) () (9) (i)

20. is there any challenge during tree lucerne establishment periods; If yes, please tick in
the below lists and rank the main challenges in the order of its impact to the establishment

< Challenges faced by farmers 1% 2n 3rd
I.  Lesspreference of farmers i veeee e

Il.  Less knowledge on how to establish ... e .
IIl.  Lack of water for irrigation ~ eis eeeee e
IV. Inadequate technical support e e e
V. Limited HHs land holding ~ eis e e
VI.  Poor tolerance due to water logged ~ ceees vveee e
VII.  Low survival due to animal browsing ~ .ceee. veees e
VIII.  Lesssurvival due to prolonged dry season  cceee ™ veeeee eeeeee

Where 1%, 2" and 3" = the first answer/response of farmers/shows the order of challenges
faced by farmers

21. is there any opportunity during tree lucerne establishment periods; If yes please tick in

the below lists and rank the opportunities in the order of its positive impact on the

establishment
< Opportunity realized 1% 2n 3rd
. Availability of enough labor ~ eeees et e,
I1.  Availability of land for expansion e cevveeees ceeveenene
Il Potential niche et e eeeseees
IV. Availability of water for irrigation  .ccvcceeee vvvvrees eereeenes
V. Farmers demand for the technology — .cceceeee ceveveee eeeeeeee

Where, 1%t 2nd and 3™ shows the order of opportunists realized by farmers

22. Can you tell us the main reasons why you grow Tree lucerne? [WRITE KEY
WORDS ONLY]

l.
1.
Il.
Is there anything you want to tell us in relation to the discussion we have today? 1) Yes 2)

NO [GO 10 thANK YOU]. eccceeccsecrsrresenessnecsancsnsssasessasssasessssssasessassassssssssassssasssassssssssasesaase

I thank you so much for your time and shared experience.
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Figure 1. Tree Lucerne height measurement and tagging in (Tigray) Endamehoni site

Figure 2. Tree lucerne field observations/visits with the Key informants of
Endamehoni sites
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Figure 4. Tree lucerne height measurement in Lemo site and separation of leaf, edible branches
and stem

-
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Figure 6. Tree lucerne tagging in Sinana site
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