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Assessment of the utilization practices of banana and mango residues, and effect of ensiling
on silage quality and performance of indigenous sheep grazing natural pasturein Arba
Minch Zuria district of Gamo Gofa zone

Askale Dubale
Major advisor: Ajebu Nurfeta K, Professor)
Co-Advisor: Yoseph Mekasha (PhD, Associate msde)

ABSTRACT

The study was conducted to assess the experieht@sm@ana and mango residue utilization,
and effect of ensiling banana using mango resicaesn additive on silage quality and
evaluate the effect of feeding banana residuegesitan growth performance of sheépr the
diagnostic survey, 120 households (HH) were saledtem four banana and mango
producing potential kebeles from which 30 respotsl@vere selected to assess utilization of
banana and mango residue for sheep feeding. Opéedestructured questionnaire, focused
group discussions and secondary data were usedlect the required data. For silage
quality evaluation the banana and mango residue® wellected from the farm at the time of
harvest and banana residue was wilted for 8 hokirge different silages were prepared using
different proportion of mango peel and flesh (&, B, 7.5 and 10%) and molasses (10, 7.5, 5,
2.5 and 0%) as an additive to banana wilted pswgtasand leaf. The ensiling was done with
three replicates in buckets and was ensiled fordays. The on-farm feeding trial was
undertaken to evaluate the effect of feeding barsdage prepared using mango residues and
molasses as an additive on the growth performaricgadigenous sheep. Eighteen yearling
sheep were assigned to three treatments (T1= GgaZia=Ensiled Banana using 10% mango
residues as additive, T3 = Ensiled Banana residsiagi10% molasses as an additive). The
sheep were blocked to six and assigned to HHs md&aized Complete Block Design, each
HH contributing three sheep and within a househbklthree sheep were randomly allocated
to the three treatments. Feed and grazing land tsiger followed by shortage of input and
disease and parasites are the major constraintgldrimg sheep production. Income followed
by saving/asset are the major reasons for keepuegs. Sampled households prefer sheep than
other livestock species because of the expecteddiate return, easy to manage and high market
demand.Most of the respondents stated that during the sgason natural pasture was the
main source of feed for sheep followed by farm gi@zing and feeding on rejected banana.
During the dry season crop residue followed by reate grazing were the major sources of
feed for sheep. All the samples households (100&@sa the four kebeles feed banana
residues to sheep in a fresh form. The residuerafii and mango) were fed without any
improvement. The physical and chemical assessnfi¢he gilage showed that making silage
from banana using mango residue or molasses aslditiee indicates the suitability of silage
making from banana and mango residue with good ityualThere was no significant
difference in feed dry matter, organic matter, amdde protein intake between T2 and T3.
The average daily body weight gain was the higlet0(05) for sheep fed T2 and T3 diets
compared with those based on grazing. In conclydramana residue could be ensiled using
mango or molasses as an additive with similar pentnce of sheep. Therefore, due to the

Xii



availability of mango residue at farmers’ level, mya residue could be used as an additive to
make silage from banana residue.

Key words: Banana residue, mango residue, utilmatsilage, intake, daily gain
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1. Introduction

Naturally endowed with different agro-ecologicalnee suitable for livestock production,
Ethiopia is a home for many livestock genetic reses. Ethiopia possesses about 59.5 million
cattle, 30.7 million sheep and 30.2 million god@SA, 2016/17). The livestock subsector has
an enormous contribution to Ethiopia’s nationalremmay and livelihoods of many Ethiopians,
and still promising to rally round the economic de@pment of the country. Livestock plays
vital roles in generating income to farmers, cragaipb opportunities, ensuring food security,
providing services, contributing to asset, sodaltural and environmental values, and sustain
livelihoods. The subsector contributes to abous%6of the national Gross Domestic Product
(GDP) and 45% of the agriculture GDP and contribdteabout 15% of export earnings and
30% of agricultural employment (Behnke, 2010). TBBP of livestock related activities
valued at birr 59 billion (Metaferiaet al., 201Despite high livestock population and existing
favorable environmental conditions, the curreneéditock output of the country is low. This is
associated with a number of complex and inter-edldactors such as inadequate feed and
nutrition, widespread diseases, poor genetic piateot local breeds, undeveloped livestock
marketing, inefficiency of livestock developmentngees, extension, marketing, and

infrastructure (Benin et al., 2003; Negassa e®8ll,1; Solomon et al., 2003).

Feed scarcity is one of the reasons for low aniprabuctivity observed and underlying
contributing factor in many other animal productfmoblems. Although natural pasture is the
dominant feed resources for livestock in mid tohlagd agro-ecology, its production and
productivity remained low due to high populatioregsure, expansion of cropping land, and
poor management. Alternatively crop production Ihaen intensified and leaves behind

enormous quantity of crop residue, which has p@kmt serve as livestock fee&fficient
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utilization of crop residue, however, faces a nunddantriguing challenges that include low
levels metabolized energy and crude protein, sehsaariability, bulky and poor keeping
qualities. These challenges should be acknowledgddppropriate technological innovations
should be introduced to improve its feeding valad &eeping quality and thereby enhance

animal performance.

On the other side, banaffdusa acuminataand manggMangifera indica L.yesidue can and
should play significant role in the nutrition ofrninants. Banana is grown in almost all farms
in the humid tropics and constitutes one of thelstéoods for human consumption. Banana
residue includes leaves, young stalks and pseuwosstvhich remain behind after removal of
the bunch for food. The vegetative part of the pléme pseudo-stems and leaves, contains
more than 60% of the dry matter of the whole pigarciaet al, 1991). Banana leaf has
moderate CP content (about 15%) while the pseuslo-s& rich in fermentable energy
(Ffoulkes et al., 1978). Banana leaves and psstetos have also relatively moderate
digestibility (65% and 75%, respectively) (Ffoulkes al., 1978).Thus, banana leaves and
pseudo-stems can be used as supplementary fepdsttwe and crop residue based diets. The
banana plant has a high yield of total biomass.r€klual biomass (leaves and pseudo-stem)
yield could be as high as 13 to 20 tons of DM/ha iyear (Ffoulkes et al., 1978). However,
banana residue (mainly leaf and pseudo-stems) @liey hleed resources due to its high
moisture content (85-90%), which limits its utiliwan (Ffoulkes et al., 1977). It is important
to look for appropriate techniques to extend thelfshife of the residue and improve its

utilization.

Mango is the most important tropical fruit cropeafbanana and plantains. Mango peels can
be used as livestock feed either as fresh, drieshsited with other feeds.

2



Unlike banana residue mango peel has high sugaemofi3.2 %), which makes it palatable
to ruminants, and can be considered as an enepgpyesnent. Mango residues have been used
as additives for ensiling more conventional materta achieve proper indexes in the silos
(Regoet al 2010). Sugar is essential for good silage feratent needed by bacteria. The ripe
pulp of mango is rich in soluble sugars (70-90%stnof it fructose (60-67% of soluble
sugars) (Kansci et al., 2008). The use of mangaesas livestock feeding is a way of
reducing environmental concerns (Jedele et al.32B6Kholy et al., 2008). The fruit which
could be considered unfit for human consumption dwebruises, infections, improper
handling, and activities of animals (especiallyds)ron the fruit, and as such rejected (Valdez
et al, 2012) can be used as animal feed. These rejéaigd, also known as cull fruits
(Sruamsiri and Silman, 2009) litter the ground dgrits season, constituting environmental
hazard. Emphasis on the processing of mango fastdeen to generate products for human
consumption. Even value addition to the rejectedt fnas been done with more attention
given to generation of products for human consuompti

The fresh by-product of mango juice extraction (g of peels, kernels and cull fruits) was
found to have a higher energy value than maizggesiland could partly replace energy
concentrates in diets for ruminants (Azervedet2411). Making silage from agricultural by-
products like banana and mango is a proven sysidnch offers considerable potential to

improve farm incomes and profits.

Gamo Gofa is one of the zones in the Southern Natiationalities People Regional State
(SNNPR). The zone holds 10-12% of the total ruminiaestock population and 47% of the
total fruits (mainly banana and mango) coveragthefregion. During the dry season there is

inadequacy of grazing resources as a result aniraeds not able to meet even their



maintenance requirements and lose weight substgnttdthough the area has potential for
banana and mango plant production, most of itslvesi are poorly utilized and wasted. The
residues are not well utilized as animal feed tagdtock producers, and there is no tradition to
preserve the feed for dry season. Most of banadarango residue is left in the fields after
the harvest, and/or disposed around roads anddialkes which pollutes the environment.
There is miss-understanding about the use of baaadanango residue as animal feed and
lack of awareness and experience on suitable témffical innovations to improve the feeding
and keeping quality of the residue. The findingstho$ action research will help livestock
producers and fatteners to use banana and manigoeesfficiently and there by improve
livestock productivity. It helps livestock extensistaff and policy makers to scale out the
technology to other areas which have potentiaiviestock and fruits production within the

zone and beyond. The objectives of the currentysivete:

* To assess the experiences of banana and mangaoeasidization in Arba Minch
Zuria district of Gamo Gofa zone, SNNPR.

* To assess the effect of using mango residues additive on banana silage quality

* To evaluate the effect of feeding banana residilageson growth performance of

indigenous sheep



2. Literature review

2.1. Over view of feed resources in Ethiopia
In Ethiopia there are various feed resources, hewekiere is variation in type and quantity of
the resources which is mainly attributed to envinental conditions and other factors. The
major livestock feed resources in the country atinal grazing and browse, crop residues,
improved pasture, forage crops and agro-indugbygbroducts. Currently, crop residues and

natural pasture are the main feed resources iodahetry (Alemayehu, 2005).

During the dry season livestock feed shortage aé agenutrient deficiency is the most
prevailing problem. In most areas of the lowlandvadi as the highland areas of the country
there is considerable fluctuation in forage quardiid quality in the different seasons (Teferra
and Abaye, 1995). The greater lignin content amd ilo nutritive value (McDonalcet al,
2002 Masiiwa, 1998) as well as low in CP conterd bow digestibility (Ranjhan, 1997) are
the most prominent characteristics of crop residwbgh usually affect their intake and

animal productivity.

On the other hand, natural pastures are the larfgest resource, but estimates of the
contribution of this feed resource vary greatlygihyehu, 1998). Natural pastures include

annual and perennial species of grasses, forbseesl

2.2. Role of Sheep Production in Ethiopia
In Ethiopia, sheep are reared mainly by smallhofdemers and grazed in small flocks most
often on communal open natural pasture (CSA, 20D4¢. diverse sheep genetic resource of
Ethiopia is distributed in the highland and lowlaargas. Although the production potential of

different indigenous sheep breeds has not beenuatidy studied, the available limited



information indicates that indigenous sheep bréwd® small body size, produce low quality
wool, have low lamb growth rate and low carcasgivMe{Markoset al.,2006). The annual off
take rate of sheep flock in Ethiopia was estimdtetie 33% (EPA, 2002), with an average
weight of about 10 kg (FAO, 2001; CSA, 2004) whisithe second lowest in Sub Saharan
Africa. Various recent research reports also agvitle this fact. Awet (2007), Muleet al.
(2008), Abebe (2008) and Tesfay and Solomon (28§&)rted carcass yield of 9.7, 9.6, 10.8
and 9.6 kg in different indigenous breeds of shaeplifferent types of feeds, respectively. It
is estimated that most of the local sheep breeds havery low post weaning average body
weight of 15-20 kg (Awigichew, 2000). This showstithere is scope for improvement
through management practice such as improved fgeaia veterinary service. Even if the
productivity of indigenous breeds is low comparetthwemperate breeds, their ability to
survive and produce in the harsh and mostly unptallie tropical environment is remarkable.
In mixed crop-livestock system, sheep represersts fean 10% of farm capital invested in
livestock, yet contribute as much as 23-63% tortecash income and 19-23% to the food
subsistence value derived from livestock produc{idelalem and Fletcher, 1991). The total
mutton produced in the country is 551,000 metritstand small ruminant meat export from
Ethiopia is 21,000 metric tons (FAO, 2006). Smathimants are useful to rural households
during periods of cyclical and unpredictable fobdrsages. The small size and early maturity
of sheep give them several distinct economic aduped in smallholder farming situations,
such as that found in Ethiopia. They can efficientlilize marginal and small plots of land;
the risk on investment is reduced by smaller irdliai size, allowing more production units
per unit of investment; and there is a faster tuen@f capital because they mature early and

younger at slaughter (Chipman, 2003).



2.3. Major constraints of sheep production
Lack of adequate feed resources as the main comst@ animal production is more
pronounced in the mixed crop-livestock systems,re/imeost of the cultivated areas and high
human population are located (Sisay, 2006). Thélpno of good quality and quantity feeds
observed in lowlands where pastureland seemswveljatabundant. There is a great seasonal
variation of quality and quantity of feed resouraesnost part of the country. According to
Alemayahu (1998), there is excessive supply of thathg the rainy season which is usually
followed by a deficit in grazing in the followingylseason. On the other hand, the allocation
of more land for crop production resulted in availity of crop residues as alternative feed,
particularly in the smallholder livestock productisystem. In central rift valley, feed shortage
was reported as one of the limiting factors in $mahinant productivity (Abule, 1998). In
these areas where there are few rainy months witltet rainfall of erratic nature feed
production for small ruminants is inadequate. Inteern part of the country, although the
degree of shortage varies within farming systemstagologies feed shortage is reported as a
major constraint for small ruminant production (Esdaw, 2007 and Getahun, 2008).
Seasonal fluctuations of feed resources in thadsdjpllow the pattern of vegetation growth
that is affected by the availability of rainfallhis resulted in a seasonal pattern of wet season
gain and dry season loss of live weight. Seasduetufations in the availability and the poor
quality of feeds are considered to be the main tcaim$s on sheep production in arid regions
(Guada, 1989). In spite of this, the productivitiyliwestock is low mainly due to several
factors such as genetic make-up, poor nutritiongouat veterinary care.
Another serious constraint for small ruminant prehn in Ethiopia has been the high

prevalence of diseases and parasites. This cauglesniortality amongst kids and lambs,



diminishing the benefits of their high reproductiperformance (Solomomt al, 1995;
Yohanneset al, 1995; Solomon and Gemeda, 2000; Markos, 20063ts€ flies, with the
highest infestation in the humid and sub humid spaee also major problems in these areas.
Further losses are caused by abortions and dtitb{iGetahun, 2008; Markos, 2006). Other
diseases that have limited the productivity of $mahinants in Ethiopia include pneumonia,
Contagious Caprine Pleuropneumonia, Ecthyma, Caségmphadenitis and Brucellosis.
Individually, these diseases might not constitieasis problems, but combinations of them
or their occurrence under marginal conditions caesult in serious losses (Markos, 2006;
Tsedeke, 2007).

The indigenous sheep and goat are year round byeeadeé mating is not controlled. However,
the current off take rate is very low (Markos, 206 Ethiopia, the marketing of livestock
and livestock products is underdeveloped. The n@jablems are the traditional management
systems which are not market oriented, underdeedlomarketing systems and poor
infrastructure, poor financial facility, and presenof cross-border trade (Azageal., 2006,

Berhanuet al., 2007).

2.4. Banana residues for ruminant animal feeding
Banana leaves and pseudostems are a by-produ@naha production. Banana leaves and
pseudostems can be fed to animals in fresh, ensilettied form (Ecoport, 2010; Ecocrop,
2010). Banana production yields large quantitieforhge biomass. For an average crop
fruiting 1.5 times a year, forage biomass can amoniri3t/ha/year (Ffoulkes et al., 1977).
They can be found in all tropical and subtropicagions of Asia, America, Africa and
Australia where bananas are grown. Although it Woappear that the ruminants are well
suited to use the vegetative parts and peels ofrzan and plantains, the amount of

8



experimental work reported on the feeding of th@selucts to ruminants is surprisingly less
than that carried out with pigs. In 1981, Bo Gdparted that banana leaves could be used as
emergency feed for ruminants, but that the digéiyildecreased as the level of banana leaves
increased in the ration. He further stated thatpbeudostems could be fed fresh, but that
chopped ensiled pseudostems enriched with reaéitpdntable carbohydrates was the best

way of feeding them to ruminants.

Foulkes and Preston (1978) reported that the dtyemaf banana leaves and pseudostems was
relatively digestible for ruminants, i.e.; 65% dgbility for leaves and 75% for the
pseudostems. However, despite this apparently lgh digestibility, the leaves and
pseudostems alone can barely meet the maintenatparaments of ruminants. They
recommended that urea and a highly digestible Bo@gsweet potato foliage should be used
as supplements to pseudostems or leaves beingnféalct, it has been well established that
the greatest limitation to using bananas as a feeduminants is the lack of fermentable
nitrogen and hence banana diets must always bdesoppted with a source of nitrogen such
as urea. Perez and Roldan (1984) further clarttesl situation when they compared banana
diets fed with and without cotton seed cake toleatt Colombia. Dehydrated, green, milled
banana (banana pulp flour) has been successfidly as a source of starch in the preparation
of calf feeds and specifically in the manufactufenilk replacers. In Ecuador, Spiro (1973)
Rihset al (1975) tested various levels of banana flouuminant diets and found that banana
flour could successfully replace up to 50% of tleeeal in the feeds of young growing and

finishing cattle.

Chenostet al (1971) and Geoffroy and Chenost (1973) carrigddagestibility trials on goats

in cages and reported that when bananas and fovegresofferedad lib. separately, the kids
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consumed bananas at a level amounting to aboutO20-ef their ingested dry matter. When
the two were blended together, the dry matter agelstible organic matter rose sharply as the
content of bananas increased in the ration from R0%. Also, the DM intake was greater
when ensiled rather than fresh green bananas wdré&anana leaves and pseudostems can be

fed to animals in fresh, ensiled or dried form (g, 2010; Ecocrop, 2010, 210).

2.4.1. Banana fruits
BananalMusa acuminatajs a fruit crop mostly found in the humid and sulnid tropics as
human food. It has a considerable potential forasstbod and feed crop as it produces starch-
rich fruits for human consumption and leaves, psestdms and peelings that could be used as
important sources of animal feed. About 30-40 pered the total banana production is
rejected for failing to meet quality standards dsdpotentially available for feeding to

livestock (Babatunde, 1992).

2.4.2. Banana waste
Banana wastes include small-sized, damaged banaawaana peels, leaves, young stalks and
pseudo stems, which can be fed to livestock. Fpémhtain and banana fruits may be ensiled
with molasses, grass, legumes, rice bran etc. Gra@s are easier to ensile than ripe fruits.
The leaves have moderately high CP content (abo@fd) while the pseudo-stem is rich in
fermentable energy. Banana leaves and pseudo-stamise used as supplementary feeds to
pasture and crop residue based diets. The bananahas a high yield of total biomass. The
residual biomass (leaves and pseudo stem) yield d®uas high as 13 to 20 tons of DM/ha in
a year (Ffoulkes et al., 1978). The fully expandteder leaves of the banana plant can be

harvested and fed to animals almost throughoutydfae without adverse effects on its fruit
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production. Banana leaves and pseudo-stems haatved}y high digestibility of 65% and
75%, respectively. Intake of large amount of watefresh pseudo-stem may decrease the
capacity of the animal to raise its DM intake. Tloev CP content of the pseudo-stem is
another factor contributing to its low DM intaken@he other hand, the difference in DM
intake could partly explain the differences in DNgektibility between the leaf and the

pseudo-stem of the banana plant.

2.4.3. Leaves, young stalks and pseudo stems
Whole, fresh banana leaves, stalks and pseudo stenthopped and directly fed either fresh,
sun-dried or ensiled with molasses in many troptcaintries. Pseudo stems are easily ensiled
if chopped and mixed with molasses or rice bramaBa leaves contain about 15 percent DM
and 10-17 percent CP, while pseudo stems contampBrcent DM and 3-5 percent CP. The
NDF and ADF vary between 50-70 percent and 30-40epé respectively. Banana leaves
contain 8 percent polyphenols, but very few conddngnnins (Marie-Magdeleinet al.,
2010). The organic matter (OM) digestibility of pge stems is higher than that of leaves
(Foulkes and Preston, 1978) mainly because theénexes of pseudo stems is primarily due to
the presence of water in the cells, and not becalifge presence of lignin in the cell wall.
The high tannin content of leaves may also be mspte for low digestibility (Marie-
Magdeleineet al.,2010). Banana leaf meal (leaves chopped and sad)dip to 40 percent in
the forage based ration on DM basis increased weighs and feed efficiency of Zebu cattle
and sheep (Garcia et al., 1973). Fresh bananayéolip to 15 percent (EI-Ghani, 1999); dried
foliage ensiled with dried broiler litter in a 40:8atio and rehydrated with either molasses or

whey, included at percent (Khattabal.,2000), foliage and wheat straw (75:25) ensiled with
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molasses and urea (Baloehal.,1988) could replace 50 percent of green maizeerrdtions
of lactating cows/buffaloes without altering milkoguction.

Tablel. The chemical composition of banana leadepseudo steam

Feedstuff Chemical composition

DM CP CF EE Ash NFE Digestibility
Leaves 27.1 16.1 237 84 94 42.2 64
Banana whole 185 3.7 28.0 3.6 178 469 62
plant

Source: Devendra (1992); Dixon and Egan, (1987)

2.5. Mango

Mango (Mangifera indica L.)is the most important tropical fruit crop after haas and

plantains (FAO, 2011). The mango fruit is a larigsliy drupe, highly variable in size, shape,
color and taste and weighing up to 1 kg in soméwauk. Green when unripe, the fruit turns
orange-reddish as it ripens after 3 to 6 monthg. fflit consists of a woody endocarp (pit), a
resinous edible mesocarp (flesh) and a thick exo@@eel). Mango processing yields is about
40-50% of by-products, which can be used to feeesstock (de la Cruz Medina et al., 2002;
Sruamsiri et al., 2009). These by-products are pégential sources of pectins and phenolic

compounds (antioxidants) (Berardini et al., 2008ango by-products include:
e Cull fruits: fresh fruits unsuitable for humannsumption.

* Mango seeds (pits, stones): the seed represems20% to 60% of the whole fruit weight,

depending on the mango variety. Ground mango ssedbe called mango seed meal.

* Mango seed kernels (mango kernels): the kersadiénthe seed represents from 45% to 75%
of the whole seed (Maisuthisakul et al., 2009). UBb mango kernels can be called mango

kernel meal.
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» Deoiled mango kernel meal (deoiled mango seedekameal) is the by-product of the
extraction of mango oil from the kernels. This prodcontains only residual oil, unlike

mango kernels or seeds.
* Mango peels: the peels represent 7-24% of thdenfhait weight (Berardini et al., 2005).

* Mango waste: mango processing units yield mangstes made of variable proportions of

peels, pulp, seeds, and cull fruits.

Fresh mangoes spoil rapidly, and several methodsrfsiling them have been proposed. In
one method, immature fruits are sliced and ensiet 1% salt in 1.5 m (Gohl) 1982. In

another method, mangoes are cut into 1.5 cm shindsensiled for 30 days with maize stover,
molasses and urea (Aguilera et al., 1997) pitdlingh large leaves. The pits are then tightly

covered with leaves and soil.

2.5.1. Mango fruits, peels and processing by-products

The chemical composition of mango processing byhpets is extremely variable. There are
about 1000 mango varieties with different proparsioof seeds, hulls, pulp, peels and sugar
content. Moreover, mango by-products contain véiénd often unknown) amounts of fruit
components. It is, therefore, difficult to providecurate or even representative compositions
for mango by-products. As a rule they are genegadlyr (<10% DM) or very poor (<5% DM)

in protein. Unripe mango pulp contains starch thats into sugar when the fruit ripens. The
ripe pulp is rich in soluble sugars (70-90%), mokit fructose (60-67% of soluble sugars)
(Kansci et al., 2008). The fiber content is highpendent on the amount of seeds present it

the product: the crude fiber content of peels aulph panges from 2 to 16% while mango
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waste from juice extraction (that contains peeldp pwhole seeds and whole fruit) has ADF

values over 20% DM.

2.5.2. Mango seeds and kernels
Mango seeds can be used fresh, dried or ensileduamidants can tolerate concentrates with
up to 50% mango seed kernels without adverse sffgabhl, 1982). In an experiment with
sheep, DM digestibility of dried seed kernels wasnid to be 70% but intake was rather low
(1.2% LW). The mango seed kernels showed low paildtaprobably due to the tannin
content. When offered (Sanon et al., 2013). Howeaedimited amount of kernels (<10%)
mixed with mango peels, rice straw and supplemewitddurea would be able to sustain 50 g
DWG in sheep (20kg LW) (Sanon et al., 2013; Sariai.e2010)ad libitumto sheep, mango

seed kernel intake varied.

2.5.3. Mango peels
Mango by products can be used as livestock feedlgdd€ruz Medina & Garcia 2002;
Sruamsiri & Silman 2009) as they have a higher gghemlue than maize silage and could
partly replace energy concentrations in diets fioninants (Azevédo et al. 2011). Mango peels
are especially palatable to ruminants because aif thigh sugar content. A recent study
showed that mango peels have promising potentiaititization as feed or feed additives due
to theirin vitro digestibility, chemical composition and favorablelatile fatty acid (VFA)
composition and have the potential to attenuateerumethanogenesis, thereby greenhouse
gas emissions (methane) can be reduced (Geerkehs2€t13). However, high moisture and
acidity of fresh peels may limit their use (Sruamns® Silman 2009). In addition,

supplementation of nitrogen or protein source telgpes necessary to allow an efficient

14



utilization of energy since they contain low proteFermentation can greatly influence the
nutritional composition of mango peels. An increaséhe protein content and a decrease in
the levels of antinutrients such as tannins andgtéywere observed upon fermentation of the
ripe mango peels (Ojokoh 2007). In addition, fertagan enhances the nutrient, vitamins,
essential amino acids and fibre digestibility. Lqwality of non fermented agro-byproducts
can be upgraded after fermentation with selectivieroorganisms and such fermented
products could be used as healthy animal feedn lexaeriment with sheep, DM digestibility

of dried mango peels was found to be 74% and thegmpeels intake reached 2% live weight
(Sanon et al., 2010). Napier-bajra hybrid grasddcba ensiled with of 10% mango peel west

instead of 2% molasses without affecting the gualitsilage (Bandeswaran, 2007).

Table 2. Composition of ripe mango by-products

Mango by-product DM (%) % of DM GE
CP CF EE NDF ADF (kcal/g DM)
Mango peel 20.10 4.68 10.1a.21 25.87 19.14 3,827

Sompong et al. (2009)

2.5.4. Mango wastes
The fresh by-product of mango juice extraction (mig of peels, stones and cull fruits) was
found to have a higher energy value than maizeyeiland could partly replace energy
concentrates in diets for ruminants (Azevédo et28111). In sheep, supplementing elephant
grass silage with increasing amounts (up to 16¥h@fDMI) of dried mango juice extraction
by-product improved the chemical composition of thet but not its nutritive value, as it
reduced intake and the digestibility of some nutsgRégo et al, 2010). A mixture of peels
and seed kernels gave a higher intake than pedl&emels separately (Sanon et al., 2010).
The edible pulp makes up 33-85 percent of the ffash while the peel and the kernel
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amount to 7-24 percent and 9—-40 percent, respfctive a fresh weight basis (Wu et al,
1993). The by-products/wastes available after msiog of mango includes cull fruits (fresh
fruits unsuitable for human consumption), mangon&ermeal (containing 6-16 percent

mango oil on DM basis), deoiled mango kernel medlmango peels.

2.6. Silage Making
Silage refers to crop residues or agricultural bydpcts preserved by acids, either artificially
added or produced by natural preservation in theerd®e of air (John, 2005). Ensiling is a
more practical alternative when weather conditipreclude sun-drying. This process involves
the bacterial fermentation of carbohydrates undexreeobic conditions whereby fatty acids
especially lactic acid are produced which causéscaease in the pH. Silage making is a way
of preserving succulent roughage and high quadiedffor later feeding. Its main uses include
saving surplus forage during season of abundaratevbuld otherwise be wasted, damaged or
lost because of insufficient number of livestodior utilizing the forage. Silage is a material
produced by controlled fermentation of a crop ajhhimoisture content (McDonalds et al.,
1995). Besides saving surplus of forage, silageimgakas an advantage of minimum loss of
nutrients in the harvesting and conserving proceasel less weather dependency (Horrocks

and Vallentine, 1999).

2.7. The potential use of silage
In order to increase the durability of feed there several conservation techniques today
being used in a modern farming systems. Sun dryrtgdicial drying, and addition of acids
are the most common ones and are effective storegeods when it comes to avoiding feed

scarcity during periods when feed resources aregblanited. However, hay making in the
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tropics can be difficult because at the time whenforage is of good quality for conservation
(early in the wet season), the weather is likelpeédoo unpredictable for sun drying. Artificial
drying is too expensive and the facilities are aadilable. Fermentation with the addition of
acids is beyond the resources of smallholders andbe dangerous to handle (FAO, 2012).
Fermentation only using naturally produced acidbagever a convenient and economical
alternative for ensuring constant availability afedl resources for the smallholders. Yet,
fermentation without additives places greater dedinam the moisture content, the chemical
composition and the management of the silage na&tdrhe strong correlation between the
fermentation process and the nutritional valuesheffermented feed make factors like silo
packing speed, chop length, silage pack densitysdagnanagement during storage and feed-
out, of great importance in order succeed (Kung @inavers, 2001). Secondly, the quality of
the ensiled product also depends on the propesfidse fresh material. Silage making using
only naturally present bacteria is preferably pcact with materials having a low buffering
capacity, a DM content higher than 20%, and witturadly occurring lactic acid fermentative
microorganisms present (FAO, 2012). Additionaliyprder to achieve a rapid lowering of the
pH and restrict the activities of undesirable baateithout losing nutrients, the concentration
of easily fermentable carbohydrates is anotheofaot great importance (FAO, 2012). Also,
in order for the ensiling system to be worthwhdehe low income, small-scale farmer it must
have a low investment cost, uncomplicated technplgiye rapid and significant returns on
investment and be reliable and repeatable (FAO2RManana crop residues are likely to
ferment successfully when the moisture contengdsiced to below 70% prior to ensiling and

a fermentable carbohydrate source such as molssadded.
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3. Materials and methods

3.1. Description of the study area
The study was conducted in Arba Minch Zuria distat Gamo Gofa Zone in the Southern
Nation and Nationality Peoples Regional State (SRSP The study area was selected based
on its potential on livestock and irrigated agriatd commodities by the Livestock and
Irrigation Value Chain for Ethiopian Smallholdetd\(ES) Project (www.lives-ethiopia.org).
The area is situated with an astronomical locatérroughly 570"-6°21"N latitude and
37°31"-37°67"E longitude lines found in Great Rift Valley. éarding to CSA (2007), the

district has a total area of 1214.1sq.km with tlo@yation of 164,529 and consists of 25
0
kebeles. The area receives 800-1200 mm of raiafaiually, and it has an average ofQ6

26OC and 3%C of minimum, medium and maximum temperature, retpay, with an
altitude of 1200-3310 m above sea level. Climalycahe district is classified in to three
ecological zones i.e. Dega (temperate), Woina-dsgb-temperate) & Kola (tropical) which
comprise 30.1%, 41.44%, & 28.46% respectively. Thstrict is located at about 500
kilometers south of Addis Ababa and 272km to thetved regional capital (Hawassa). With
mixed crops grown in the area included cereals sischaize, teff and wheat, fruits such as

banana and mango, and root crops such as cassayaran
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3.2. Study design, sampling and data collection procedes
This study has three parts. The first part wasesuwhich assesses the potential, experiences,
challenges and opportunities of banana and margydues utilization as livestock feed in the
study area. The second part was silage making fsramana using mango residues as an
additive and evaluation of its qualitin(vitro). The third part of the study was assessing the

effect of feeding banana silage on growth perforceasf indigenous sheep.

3.2.1. Assessment of the experiences of banana and mangsidues as feed for sheep
Arba Minch district has 25 kebeles out of whichkebeles are producing banana and mango.
Thus, based on secondary data source four potéetigles were selected purposively for the
study. For household survey the criteria for sé@cof household was availability of banana
and mango farm, experience in sheep farming, andegevhere about 50% of the sampled
households were women (female headed or activejpged women with in male headed
households). Thus, one hundred twenty respondaftddm each kebeles) were purposively
selected based on the criteria listed above foisthdy. Information on this part of the study
was collected by interviewing sampled householdisgustructured open-ended questionnaire
and focus group discussions. A total of 4 grougulsions (8 participants from each kebele)
were conducted (one per kebele) involving househelth banana and mango farm and
engaged in sheep production. The farms were batHed and irrigated. About 40-50% of the

focus group participants were women.

3.3.  Suitability of silage making from banana and mangaesidues

3.3.1. Silage preparation and treatments
For silage making, banana and mango residues wéeeted from the farm of the households

at the time of harvest. Banana residue (leaf amdigis stem) were chopped manually to a
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length of approximately 2 cm in order to obtain pelcked material. The chopped material
was allowed to wilt for about 8 h until its moistucontent was reduced to 65% (Sheikh,
1989). Mango residue was used as an additive snstluidy since it is a good source of soluble
carbohydratéSruamsiri et al 2009) Mango seed stone was removed from the ripe fruits a

the remaining materials (peel and flesh) were chdgpto about 1.5 cm lengths (Aguilera et

al., 1997) and mixed with chopped banana residdierto treatments for silage experiment.

The treatments were formed from wilted and choppadana residue (90%), and different

proportion of molasses and mango (chopped anddyitesidue (Table 3).

Table 3. Treatments for silage experiment

Treatments Proportion (%) Replications
Banana Molasses Mango Total
(wilted and
chopped)

1 90 0 10 100 3

2 90 2.5 7.5 100 3

3 90 5 5 100 3

4 90 7.5 2.5 100 3

5 90 10 0 100 3

Note: T1=banana residue silagewith10% mango, T2ndm residue silage with 7.5% mango and
2.5% molasses, T3= banana residue silage with 5%gnaand 5% molasses, T4= banana residue
silage with mango 2.5%and 7.5 molasses % and T5aamesidue silage with 10% molasses

Thus, chopped and wilted banana residue was mixéedadditives (mango peel & flesh and
molasses) according to the respective treatmerstsridbed above (Table 1). For example for
treatment 3, 5 % of molasses (Rahman et al., 28@8)used and mixed with wilted banana
and rubbed by hand to ensure thorough mixture.tfeatment 4, 7.5% molasses and 2.5%
chopped mango fruit residue (peel and flesh) webeednwith chopped and wilted banana

residue. The mixture of wilted banana residue additi@e was then filled in to cylindrical
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bucket with the capacity of 10 liters and then packiith a wooden stick. The cape of the
cylindrical bucket was closed and additional douplastics were used. The mixture was
pressed to remove air and then the bucket wasdtld@gemake sure that there is no entry of
air, plastic was used to cover the lid. The prepaitages (cylindrical buckets) were stored in

a room for about 21 days. Each treatment was isplic3 times.

3.3.2. Assessment of silage quality

After 21 days of ensiling, all the plastic pouchesre opened for subjective and objective
assessment of the quality. Visual and olfactorystesich as color, smell and presence or
absence of mould was assessed and scored suljecibieg experts with experience in the
area. The silage samples of each treatment werevesincompletely and mixed thoroughly
and a sample from each cylindrical bucket was tdkeirmmediate pH and DM determination
and the rest were stored at °@1in a deep freezer until analysis. Samples whietevstored in

a deep freeze were allowed to thaw overnight feparation of samples for further analysis.
Silage samples were dried af’@Qdn air-forced oven for 48 hrs and ground (Zerealg 2015)
and ground using Thomas Willy mill (model 4) to pdsrough 1 mm sieve size and were used
for chemical analysis and vitro DM digestibility determination. The best silagésaged on

subjective and objective evaluation) were promdbecnimal evaluation using sheep.

3.3.3. Invitro true dry matter digestibility measurements
In-vitro true dry matter digestibility (IVTDMD) of all sangs was determined by ANKOM
Technology- DAISY Incubator. About 0.25 g dried samples (ground tsspda 1 mm sieve
size) were weighed in to ANKOM Filter bag (Ankom®edhnology, # F57) and then

incubated in the ANKOM jars containing rumen fladd medium mixture (solution A and B)
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for 48 hours. The rumen fluid was collected frono tiistulated sheep fed twice a day with a
diet of grass hay and concentrate based on thay @@uirements. Water was provided

libitum. After incubating for 48 hrs, the filter bags wevashed with tap water until it was
clear, soaked with acetone and then further exdaetith neutral detergent solution in the

ANKOM?® fiber analyzer.

3.4. Feeding trial with sheep

3.4.1. Silage preparation for feeding trial
Based on subjective and-vitro assessment 2 silage treatments (wilted and chopgeana

combined with 10% mango, and 10% molasses) withl gp@lity were selected and promoted
for animal evaluation. Similar ensiling process @alfowed for this part of the study. Thus,
this part of the experiment evaluated 3 indepentteatments as presented in Table 4. Each
household prepared silage with close supervisiath gundance of the researcher. For the
silage treatments, the material was tightly padkémldouble plastic bags, squeezed to remove
residual air, and tied closed. Bags contained aqpmately 100 kg of wilted banana residue.
The prepared silages (plastic bags) were storedraom for protection from external damage
for 21 days. At feeding time, material to be fedswharvested and bags were re-sealed to
protect the entry of air. Samples of silage durmgening of the bag were taken for
determination of pH and DM by the procedure of Wiland Wilkins (1972) and Zereu et al.
(2015). Moreover, visual observations were madalairto in-vitro experiment. This part of

the study was conducted at Shara PA of Arba Minstrict.

3.4.2. Animals and management
A total of six households who were willing to paipiate in the study were identified from

those involved in the first part of the study. THeuseholds allocated experimental animals for
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the feeding trial. The households were trainedderdonstrated on silage making, and briefed
about the objective and importance of the silagehEhousehold contributed 3 healthy and
uniform indigenous rams with initial body weight2$.08 + 1.05kg. Thus, the total number of
animals was 18. Efforts were made to select unifammals from the households. The
animals were ear tagged, treated against intemndl external parasites (ivermectin), and
adapted to the experimental feeds and housingifata®s. Initial body weight of the animals

was taken using suspended balance.

3.4.3. Treatments and design
Dietary treatments included grazing on natural (ecmmal/private) grazing lands and
supplemented with two different type of bananaggléTable 4). The experiment consists of
three treatments, which were replicated six timeesofal of 18 animals). Animals were ear
tagged and blocked by households. Treatments vesigreed to each animal within a block
randomly. The experiment was laid down using a Randed Complete Block Design

(RCBD). The actual experiment lasted 90 day.

Table 4. Dietary treatments

Treatments Composition

1 Grazing on natural grazing lands alone

2 T1 + supplementation with silage at 1.5% of badsight ( 10% of mango
additive)

3 T1+ supplementation with silage at 1.5% of bodsight ( 10% of molasses
additive)

23



3.4.4. Feeding, housing and watering management
The animals were grazing in communal grazing lasdabout seven hours/day during day
time. During evening the animals were housed iditicnal sheep house and restrained with
rope to avoid movement and consumption of non4tmeat feed resources. The pen/house of
the animals was cleaned every day. The animals giges water three times per day (AM-

before leaving for grazing, PM-after getting baknfi grazing and evening).

3.4.5. Feeding Trial
The feeding trial lasted for 90 days (without 2yslaf adaptation period) during which the
ram were supplemented with the experimental feéds56 (dry matter base) body weight,
with amounts adjusted after determining BW and stdjents were made every 10 days.
The feed offered and refused were collected andhed daily. Half of the daily feed offer
was given at 7:00 am in the morning and the rdst #fe ram were back from grazing at 6:00
PM. Representative samples from each plastic bagjlaje were collected throughout the
experimental periods and stored for further analyBulked refusal samples for the silage was
stored in the refrigerator below 2D at the woreda veterinary clinic before it wasugfat
weekly to Arba Minch University for DM determinaticand the refusal were taken in plastic
bag in the same manner. The daily intake was ctedpoy subtracting the refusal from what
was offered. Early in the morning the daily feeteofvas weighed early in the morning and

prepared for the households. The refusals wereatelll every morning for each sheep.

Before undertaking the actual feeding trial thitiah body weight of the sheep was taken
based on the weight on the first two consecutiys @dad it was undertaken every ten days in
order to understand the trend in body weight giine average daily live weight (LW) change

was computed as the difference between the irgtial final live weights divided by the
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number of the days on the trial which is giveniaalfweight minus the initial weight divided

by total experimental days.

3.5. Grazing land sampling
The biomass vyield of the grazing land was estimatféer harvesting the feed using 1m*1m
guadrant. Hence representative samples of theieed collected from each quadrant four

times per 21 days period until end of the triaiiqer

3.6. Chemical analysis

This was carried out at Hawassa University CollegeAgriculture Animal Nutrition
laboratory and Arba Minch University chemistry lagory. Chemical analyses were
performed on dried and 1 mm sieve ground banamdues silages. The DM content of silage
samples was determined by drying in air-forced caed0°C for 48 hrs (Zereu et al., 2015).
The total Nitrogen (N) content of all samples wagedmined by the Kjeldahl method (AOAC,
1990) and then crude protein (CP) content was btdias N x 6.25. The ash content of the
samples was determined by complete burning ofahepges in a muffle furnace at 60C for

3 hours (AOAC, 1990). The neutral detergent fidéDF), acid detergent fiber (ADF) and
acid detergent lignin (ADL) were determined accogdio procedures of Van Soest et al.
(1991) by using filter-bag (Ankom® Technology, #73echnique of ANKOM technology

(ANKOM A200, ANKOM Technology, Macedon, New York @2, USA).

The pH of silage samples was performed on wataaetst using pH-meter. 20 gram silage
sample was macerated in 180 ml of distilled wate60 seconds using a blander. The extracts

were filtered first with double cheese-cloth andrthhrough Whatman No. 1 filter paper.
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3.7. Statistical Analysis
The data collected from the survey was analyzedgusdescriptive statistics in Statistical
Procedures for Social Sciences (SPSS) softwaréwet$§. Index was calculated for variables
that were ranked. The data collected during thdifiggtrials were analysed using the General
Linear Model (GLM) procedure of ANOVA in SAS (2004Jukey’'s Test was used to
determine the statistical significances among tneat means.The following statistical models
were used to analyze the data.

%+ For chemical composition and IVTDMD of silage sae%l
Yijk=u+Ai+eijk Where: Yijk = response variable; f overall mean; Ai= treatment effect;

Eijk = random error,

% For feeding trial

yik =M+ A+Rj+eji Where: Yijk = response variable; p = overall me&ir treatment effect;
Rij=Block (Household);

Eijk = random error,
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4. Results

4.1. Household characteristics
The age structure & household size of sampled tmlde in the study area is presented in Table 5.

The age range of most of the respondent family neemlas 16-60. The average household size of the

respondents was 6.5 where it was the highest fSharaand lowest foZyse Ellgdkebele.

Table5. Age structure and household size of respaisdin the selected kebeles of Arba

Minch zuria woreda

Age Kebeles Over all

range GCO Zyse ellgo Shara Lante

0ean <35 n=30 %)  n=30 (%) n=30 (%)  N=120 (%)
<6 42 20.2 13 8.3 28 11.9 21 11.4 104 13.27
6-9 64 30.8 33 21.2 25 10.6 32 17.3 154 19.64
10-15 15 7.2 39 25.0 49 20.9 19 10.3 122 15.56
16-60 87 41.8 64 41.0 122 51.9 104 56.2 377 48.09
>60 0 0.0 7 4.5 11 4.7 9 4.9 27 3.44
Male 111 53.4 80 51.3 128 54.5 94 51 413 52.67
Total

Female 97 46.6 76 48.7 107 455 91 49 371 47.32
Total

Total 208 100 156 100 235 100 185 100 784 100
Average 6.9 5.2 7.8 6.2 6.5

HH size

NB: GCO=Ganta canchma ochole

4.1.1. Livestock population
Livestock population of the sampled kebeles of ANdiamch zuria woreda is presented in
Table 6. The overall mean number of cattle, gda¢ep, equine and poultry owned by the
sampled households was 7.51, 5.14, 2.37, 0.46 &8] EespectivelyThe mean holding of
cattle and poultry was the highest for househatd&yise ellgowhile the mean holding of goat,

sheep and equine was the highest for householasdrkebele
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Table 6: The mean (x SE) livestock holdings perdetiold in Arba Minch Zuria woreda

Species Kebeles
GCO Zyse ellgo Shara Lante Over all
Mean Mean Mean Mean Mean
Cattle 7.5£0.42  13.9+0.67 3.03+0.16  5.6+0.34 7.5420
Goat 9.910.39  3.43+0.2 2.43+0.2 4.8+0.28 5.14+0.28
Sheep 3.36£0.21 2.43+0.17 1.9+0.14 1.8+0.76 2.37+0.
Equine 0.56+£0.12 0.33%0.87 0.46£0.11 0.5#0.1 0.4850

Poultry 5.610.3 7.53+0.4 4.83+0.28 4.7+0.33 5.6690.
NB: GCO=Ganta canchma ochole

4.1.2. Constraints of sheep production

The major constraints of sheep production in tlestarea are shown in Table 7. Feed and
grazing land shortage followed by shortage of inpud disease and parasites are the major

constraints hindering sheep production in the stuégp.

Table 7: Sheep production constraints in the sardg

Constraints il 2"° 31 4" 5M Index
Feed and grazing land shortage06 14 0 0 0 0.33
Inadequate or lack of input 9 70 30 11 0 0.24
Disease and parasite 3 30 51 36 0 0.20
Marketing problem 1 6 33 53 27 0.15
Labor shortage 1 0 6 20 93 0.09

NB: Index =sum of (5xnumber of HHs ranked first *dumber of HHs ranked second +3xnumber of HHs
ranked third+2x number of HHs ranked fourth+1xnumbef HHs ranked fifth) for particular constraints
divided by sum of (5xnumber of HHs ranked first »dumber of HHs ranked second +3xnumber of HHs
ranked third+2x number of HHs ranked fourth+1xnumlmé HHs ranked fifth) for all constraints.

4.1.3. Purpose of sheep production

The most common purpose for rearing sheep in thdysarea is depicted in Table 8.
Accordingly, income followed by saving/asset are thajor reasons for keeping sheep in the
study area. However, keeping sheep for breedingraeat was ranked as the third and fourth

in their importance.
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Table 8. Purpose of sheep production in the stuely a

Reason 1 2 3 4" Index
Income source 101 17 2 0 0.38
Asset/saving 19 98 3 0 0.31
Breeding 0 1 70 49 0.16
Meat(home consumption) 0 4 45 71 0.14

NB: Index =sum of (4xnumber of HHs ranked first *8umber of HHs ranked second +2xnumber of
HHs ranked third+1x number of HHs ranked fourthyidied by sum of (4xnumber of HHs ranked
first +3 xnumber of HHs ranked second +2xnumbetiis ranked third+1x number of HHs ranked
fourth+1) for all reasons.

4.1.4. Importance of sheep compared to other species ofdistock

Table 9 indicates the importance of sheep comptoedther livestock species as ranked by the
sampled households in the studied afdaus, sampled households prefer sheep than otlestdick
species because of the expected immediate retasy, ® manage and high market demand.

However, short gestation interval was ranked asaivest criteria.

Table 9. Importance of sheep compared to othestingi

Importance i 2"° 3 4" 5" Index
High market demand 23 5 84 4 4 0.22
Easy to manage& keep 19 94 0 7 0 0.27
Immediate returns 78 20 10 12 0 0.29
Appropriate to slaughter 0 1 12 4 103 0.08
Short gestation interval 0 0 14 93 13 0.13

NB: Index =sum of (5xnumber of HHs ranked first *dumber of HHs ranked second +3xnumber of
HHs ranked third+2x number of HHs ranked fourth+1xmber of HHs ranked fifth) divided by sum
(5%number of HHs ranked first +4 xnumber of HHs kad second +3xnumber of HHs ranked
third+2x number of HHs ranked fourth+1xnumber of ldHanked fifth) for all importance.

4.1.5. Feed resources for sheep

The major sheep feed resources in the study aeegrasented in Table 10. Most of the
respondents stated that during the wet seasonahag@sture was the main source of feed for
sheep (1=0.33), followed by farm side grazing aeelding on rejected banana. During the dry

season crop residue followed by road side graziegeihe major sources of feed for sheep in
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the study area. During this season, farmers provide residues such as maize stover in order
to cope with the dry season feed shortage. Howenegre of the respondents reported use of
preserved feed for dry seasons either in the fdrellage or hay due to lack of experience for
silage making and less availability of grass tgppre hay for dry season. Supplementation of
agro-industrial by-products and improved forages dloeep was not practiced in the study

area.

Tablel0. Major feed resources of sheep by seasmanked by the households in the study area

Major feed resources ' 2" 3¢ 4" 5 Index
Dry season

Crop residue 118 2 0 0 0 0.33

Road side grazing 0 92 12 11 5 0.24

Rejected banana and 13 22 85 0 0.16

mango

Industrial by products 0 8 3 13 96 0.09

Farm side grazing 2 5 83 11 19 0.18
Wet season

Natural pastul 120 0 0 0 0 0.3

Road side grazir 0 3 8 74 35 0.12

Rejected bana 0 19 92 7 2 0.2C

Industrial by produc 0 0 5 34 81 0.0¢

Farm side grazir 0 98 15 5 2 0.2f

NB: Index =sum of (5xnumber of HHs ranked first *Aumber of HHs ranked second +3xnumber of HHs
ranked third+2x number of HHs ranked fourth+1xnunmted HHs ranked fifth) divided by sum of (5xnumbér
HHs ranked first +4 xnumber of HHs ranked secondx#i@mber of HHs ranked third+2x number of HHs
ranked fourth+1xnumber of HHs ranked fifth) for &led resources.

4.1.6. Assessment of experiences of banana and mango resd use as feed for sheep
According to sampled households, all of them (106&6dss the four kebeles feed banana and
mango residues to sheep, in a fresh form. Theuesibanana and mango) were fed without
any improvement. However, none of the respondeatssa the four selected kebeles had

experience in preservation of banana residue agesil
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Tablell. Banana and mango residue utilization mexin the study area

Utilization and feeding Kebeles Over all
experience GCO Zyse ellgo Shara Lante
N=30 (%) N=30 (%) N=30 (%) N=30 (%) N=12 (%)

Feeding for Yes 30 100 30 100 30 100 30 100 120 100
sheep No 0 0 0 0 0 0 0 0 0 0
Feeding Fresh 30 100 30 100 30 100 30 100 120 100
methods Ensiled 0 0 0 0 0 0 0 0 0 0
Preservation Ensiling 0 0 0 0 0 0 0 0 0 0
methods Drying 0 0 0 0 0 0 0 0 0 0
Season Excess 4 13 7 23 9 30 9 30 29 24.2

Shortage 26 87 23 77 21 70 21 70 91 75.8

NB: GCO=Ganta canchama ochole

4.2.

Silage making from banana and mango residues

The physical characteristic of silage making froiffedent levels of banana, mango and

molasses is presented in Table 12. All 5 silagatinents had yellow color and none of them

had grown mold, which indicates suitability of ggamaking from banana and mango residue

with better quality. Similarly, the odor of all ade treatments was pleasant with mango having

fruity smell and molasses having sweet smell whdohld associated with the nature of the

additives.

Tablel2. Physical characteristics of silage madenfdifferent levels of banana and mango

residue

Treatment Color

Odor

Mold

1 yellow color
2 yellow color
3 yellow color
4 yellow color
5 yellow color

Pleasant with fruity smell
Pleasant with fruity smell
Pleasant with sweet smell
pleasant with sweet smell

Pleasant with sweet smell

No

No
No
No
No
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The effect of different proportion of molasses amahgo residue on silage quality is shown in
Table 13. Lower (P<0.05) pH values were found in(T0% mango additives) and T5 (10%
molasses additive) compared with T2 and T3. Inéngakevel of molasses increased DM
content while the reverse was observed with inangdsvel of mangoThe ash content in T1
was significantly lower than that of T4 and T5 vehil2 and T3 had intermediate value. There
was no significant difference in CP, ADL and IVTDMBontent of the silage among
treatments. The NDF content for T5 was lower (PSPtan T2 but similar (P>0.05) with
other treatments. T1 and T2 had significantly highBF compared with T4 and T5 while T5

had intermediate value.

Table13. Effect of ensiling with different levelslmanana & mango residue on silage quality

Paramete Treatment SE
T1 T2 T3 T4 T5

pH 3.7% 3.90 3.93 3.85° 3.76 0.04

DM (%) 26.05 26.3¢ 26.70 27.00 27.27 0.07

Ash (% DM)  13.38 13.52" 13.860“ 1457  14.09 0.37
CP (% DM) 13.43 13.15 12.91 13.61  13.51 0.53
NDF (% DM)  35.28" 38.56 36.94" 32.60° 31.8¢ 2.33

ADL (% DM) 2.35 2.77 3.05 2.73 2.16 0.61
ADF (% DM)  20.73 20.77 19.98°  17.068  17.02 1.29
IVTIDMD (%) 76.86 78.83 74.53 78.60  81.63 3.37

NB: Means within rows with different superscripteasignificantly different (P<0.05). Tl=banana
residue silagewith10%mango,T2= banana residue silagth 7.5% mango and 2.5% molasses, T3=
banana residue silage with 5% mango and 5% mo$asE4= banana residue silage with mango
2.5%and 7.5 molasses % and T5=banana residue esifeith 10% molasses, S.E.: standard error;
DM: Dry matter; CP: Crude protein; NDF: Neutral daigent fiber; ADF: Acid detergent fiber; ADL:
Acid detergent lignin; IVTDMD: in vitro true DM dégtibility

4.3. The effect of feeding banana silage on intake andayth performance

4.3.1. Chemical composition of experimental feeds
Chemical composition of silage used for feedingegipent is presented in Table 14. The

silage had a yellow color, a pleasant odor, and sudisin texture. The pH of silage ranged
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from 3.83 to 3.85. Some mold in the first batclsitdige occurred at some farmers’ fielthe

CP content of the silage in T3 and T2 were simildr.(natural pasture alone; control) was
very low in CP content which indicates the needsigpplementation if sheep are dependent
on grazing.

Table 14: Chemical composition of treatment feéd€DM, unless specified)

Variables T1 T2 T3

pH - 3.85 3.83
DM 92.34 92.19 92.05
Ash 15.27 11.32 13.52
CP 7.7 13.43 13.53
NDF 48.67 34.42 30.53
ADF 26.91 18.98 17.73
ADL 3.82 2.33 2.22

T1=Grazing; T2= banana residue silage with 10% marand T3=banana residue silage with 10%
molasses. DM=Dry matter; CP=crude protein; NDF=ngmltdetergent fiber; ADF=acid detergent
fiber; ADL=acid-detergent lignin

4.3.2. Feed intake
The mean feed intake of grazing sheep supplemesilage made from different levels of
banana and mango residue is presented in Tabl&hEse was no significant difference in
feed dry matter, organic matter, and crude proiatiake between the two treatments. Mean
daily DM intake was comparable (p>0.05) between thango and molasses groups,
indicating the similar acceptability of both silagey the experimental sheep.

Tablel5. Intake (g/day) of grazing sheep suppleatewith ensiled banana residue

Intake Treatments SE
T1 T2 T3
Dry matter - 361.69 372.51 22.71
Organic matter - 320.73 322.18 19.93
Crude protein - 48.62 50.45 3.06
Neutral detergent fiber - 124350 113.47 7.42
Acid detergent fiber - 68.85 65.86 4.17
Acid detergent lignin - 8.39 8.10 0.50

Banana residue silage offered at 1.5% of body wididty matter). T1= Grazing, T2= banana residue
and mango silage, T3= banana residue and molaskeges
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4.3.3. Growth performance of experimental sheep
Total body weight gain, average daily weight gamd dinal weight of sheep fed banana
residue silage are presented in Table1l6. The awataldy body weight gain was the highest

for sheep in T2 and T3 but lowest for sheep maiehiunder control.

Table-16: Body weights and average daily gain & frazing sheep supplemented with

ensiled banana residue.

Body weight changt Treatment SEM
T1 T2 T3

Initial body weight (kg)  25.2¢ 24.5¢€ 25.4¢ 1.0¢

Final body weight (kg) ~ 29.0C° 30.1# 31.2¢ 1.11

Total weight gain (kg) 3.7% 5.5¢ 5.8% 0.4¢

Average daily gain (g/day) 41.6¢" 61.8%° 65.0C 5.3€

NB: Means within rows with different superscripeaignificantly different (P<0.05) SEM: Standard
error mean.
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4.4. Discussion

4.4.1. Household characteristics
This study showed that the age range of most gregents family member in the study area

between 16 and 60 years which indicate that treesgleéquate labor force for market oriented
agricultural development in the area. Householdualis an essential resource that influences
management practices, enterprise combinationsutabiing/sharing strategies and overall
levels of technical and economic performance (ILEZ890). The amount of household labour
available and the manner of labour allocation atéical to effectively carry out farm
operation and influence livestock management tegtes and adoption of improved
technologies (ILCA, 1990; Addiset al.,1998). Farming communities of Arba Minch district,
according to this study, have better chance of fitergefrom the opportunities that could be
derived from readily available family labor. Thissult is lower than average family size
reported by Kebede (2010) and Wondatir (2010). dwerall mean family size in the study
area was higher than the national average (5.2)SWNMPR (5.1) as noted by CACC (2003).
The family size in the present study is comparablie value reported for Wolaita zone (6.9)
(Tsedeke and Endrias, 2006) but it is lower th&npérsons per household which reported for
Dale district of Sidama zone (Endeshaw, 2007). dverage family size in the current study
(6.5) is higher than5.7 persons reported by Worleteal. (2002) for mixed farming area in

east Ethiopia.

4.4.2. Livestock population
In the selected kebeles the most dominant livesteaked are cattle, poultry, goat and sheep,
respectively. Most of the farmers in the distriiep more than one species of domestic

animals. The average sheep holding of the curreistly2.37) is close to 2.95 reported by
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Yilkal (2015) in Chencha and Mirab Abaya districfsGamo Gofa zone. On the other hand,
the mean sheep holdings in this study area wasiblpwer than 18.7 reported by Fsahatsion
et al. (2013) in Gamo Gofa zone and 15.6 sheep/houselepldrted by Agyemanegt al.

(1985) and 24.3 sheep reported by Abebal. (2000) for Debreberhan area. The difference
might be attributed to differences in agro-ecolodggming/production system, species

diversification etc.

4.4.3. Purpose of sheep keeping
According to Gatenby (1986), Ethiopia is one of thgortant sheep rearing countries in
Africa. The primary reason of sheep keeping by dachparmers in the study area is to
generate income through the sale of live animale Tash obtained from sale of animals
might be used to buy clothing and food items, @aes$, additional fertilizers to manures and
household supplies (children schools). Consistétit the current findings, small ruminants
are reared in many parts of the country mainly ifmome generation (Endeshaw, 2007,
Tsedeke 2007; Getahun, 2008).The second main redssiteep keeping in the study area is
for saving. As indicted by respondents the impar¢aof sheep compared to other livestock is
due to its immediate return, easy to manage andnacmdate sheep on a smaller area than
large ruminants. The focus group discussants &eeafted that sheep is an important source

of saving similar to saving cash in a bank.

4.4.4. Major sheep production constraints
Feed scarcity is indicated as a factor respondimethe lower reproductive and growth
performance of animals especially during the drasee (Legesse, 2008). The sheep

production constraints have been prioritized in woeda based on their severity. Feed and
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grazing land shortage during the dry season wasnéijer constraint of sheep production in
the study area. The observations are in agreeméhtthat of Keftasa (1996) who also
indicated that shifting of grazing land into cropitivation has dwindled the potential of the
livestock in the area and also put immense pressutée existing land. Shortage of grazing
land, expansion of banana production, deterioratiomatural resource and unreliable rainfall
were the main factors contributing to the scaroftfeed in the areas. According to Agztaal
(2013), seasonality in availability of quality aogdantity forage and absence of improved
forage production practice to supplement the fdemttage has been a major constraint for
livestock production in the study area. Berhahal (2007) also reported that feed shortage is
one of the most prominent constraints which haeeptbtential to decrease the effectiveness of
most productions. Feed is the main constraint imgitivestock productivity in the country at
large (Alemayehu, 2005). There is seasonal fluinan feed supply both in quantity and
quality. Feed shortage and nutrient deficiencycam@mon during the dry season both in the
highlands and the lowlands of the country (AlemayeB005). During the focus group
discussion, farmers pointed out that the main caimgs to sheep production is feed scarcity
and land shortage for production because of highampopulation growth and expansion of
crop land. The most critical months were from Delbemto April when virtually pastures
could not carry the animals. This was due to thertalge of rainfall and the expansion of
banana and mango production because the area dglagpbiential for banana and mango
production which minimized the land available feagng. On the other hand, although these
crops leave behind enormous quantity of leftovesrdivaestock feed, its utilization was poor

for various reasons.

37



In Arba Minch Zuria Woreda due to the delay & imfoent rain in recent years there was a
considerable fluctuation in the availability of gmag land as well as the quality of available
forages. Also in the focus group discussion farnpamted out that shrinking sizes of the
grazing lands driven by the expansion of land eation was reported to be the leading

reasons for feed shortage across all the studyldsbe

4.4.5. Major feed resources of sheep
As respondents indicated during household surveayralapasture and crop residue from
maize are the main feed resources for sheep phioduct the study area. This is also true in
other parts of the country. According to Alemayegl2005), livestock are fed entirely on
natural pasture and crop residues. Similarly, Tesf2009) indicated that natural pasture is
the main source of feed for livestock species ihidftia. The use of crop residues as feed
source was also indicated by Assen & Aklilu (20IR)e main feed resources in the dry and
rainy season for sheep in the study area are éifferAnimals depend mainly on natural
pastures for their feed requirements. Alemu, (198Bdrted that due to poor management and
overstocking, natural pastures are highly overgtaesulting in severe land degradation, loss
of valuable species and dominance by unpalataleleies In general crop residues and natural
pasture are the major feed resources of the arezhwalgree with the report of Tolera et al.
(2012) who reported natural pasture and crop restdube the major feed resources for
highlands of Ethiopia. Some farmers feed agro-itrcaisoy-products and rejected banana as
supplement for fattening sheep during the dry seaSapplementation of agro-industrial by-
products is rare and is commonly practiced onlyféttening sheep particularly in urban and

peri-urban areas where there is access for it.|&iyi many researchers (Tesfaye 2009; Funte
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et al2010; Hassemet al 2010) indicated that natural pasture were the reaince of feed for

livestock species in Ethiopia.

4.4.6. Assessment of the experiences of banana and mangsidues as feed for sheep
Banana and mango residue is one of the commonviezh is used by households in the
woreda. According to the respondents banana andjonaesidues are fed to animals in dry
season without any improvement due to lack of pneviexperience of improvement like
physical (chopping in appropriate length and wgjiror biological (ensiling) treatments of
banana residues although it has been used as thefaed source in the area during the dry
seasons. There are large quantities of banana andarcrop residues available in the area
with substantial potential for contributing to tinestock industry. However, after harvesting
of fruit, the total crop residue produced is nalizéd as animal feed as a whole. The larger
proportion of the crop residue is being wasted hia field. It should be noted that the
production of these residues is consistent acrbssdifferent seasons, including the dry
season, since both banana and mango crops arel@dowith supplementary irrigation during
dry spell. There has been no feed conservatiastipesof these residues in the area. Although
feed shortage is aggravated especially during theselason in the study area, due to lack of
feed preservation practices the performance of alsinremained poor.

Fresh banana crop residues are used as animalirfesmime tropical countries (Johri and
Shrivastava, 1967). The nutrient content of barleases indicates that this forage is much
better than many tropical types of forage foundSmmalia (Yanelli, 1984). Although the

current study area has potential for banana andgom@noduction, most of its residues are
poorly utilized and a large quantity of the pulpdgreel of rejected fruits are wasted away.
However, considering the high nutrients (energtamin A, vitamin C and polyphenols) value
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of mango fruits (FAO, 2011), these rejected fruitalld serve as a feed resource in animal
feeding, mainly as a source of energy becauses tiigh energy constituent (3527.34 kcal/kg
DM) (Porter, 2011).

Mango processing yields about 40-50% of by-produetsich can be used to feed livestock
(de la Cruz Medina et al., 2002; Sruamsiri et2009). On the other hand, it can be estimated
that mango processing yields between 150,000 a@@®@0 t of wastes worldwide, which may
cause environmental problems in the vicinity of @vecessing plants. The use of mango
wastes in livestock feeding is a way of reducingimmmental concerns (Jedele et al., 2003;
El-Kholy et al., 2008). As indicted by responderianana and mango residues are not well
utilized as animal feed by sheep producers, angk tiseno tradition to preserve the feed for
dry season. Mango peels are especially palatablerntonants because of their high sugar
content. But, most of banana and mango residueftisnl the fields after the harvest, and/or
disposed around roads and lake side, which pollties environment. There is miss-
understanding about the use of banana and mangdueess animal feed and lack of
awareness and experience on suitable technologicalations to improve the feeding and
keeping quality of the residue. However, a largeipo of these crop residues are lost each
year as a result of poor utilization. Constrairs goor utilization of these feed resources in
animal feeding (mainly leaf and pseudo-stems ofbaj are bulky feed resources due to its
high moisture content (85-90%), which limits itslination (Ffoulkeset al., 1977). During
focus group discussion farmers pointed out that nie@n constraints of banana residue
utilization were its bulky nature since it contaimgh moisture mainly the pseudo-stems. If
DM content of forages is below 20%, as in the cafsgoung grazed grass, intake can be

depressed due to increased volume of water inutmem (Pashat al, 1994).
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4.4.7. Suitability of silage making from banana and mangoresidue: In vitro
evaluation

The current study demonstrated suitability of flagaking from banana and mango residues.
Accordingly, the silage made from these residues yelow color, pleasant odor, and was
soft in texture. There was no mold occurred intygle silage treatment. This shows that the
silage had good quality.
The pH of all silage treatments in the current gtuas within 3.5-4.2, which is optimal for
well-preserved silages with low DM (Kaizer and Bil2004). Nutrient losses and intake of
silage by livestock are affected by the type ofrfentation that occurs during ensiling (Kaizer
and Piltz, 2004), which could be evaluated by slégrmentation quality parameters under
laboratory conditions. One such silage fermentagpmlity parameter is pH (Kaya and
Calsikan, 2010) which indicates the acidity of thaterial. Anaerobic fermentation of water
soluble carbohydrates (WSCs) of ensiled forage bipfactic acid bacteria in to lactic acid,
lowers the pH of silage in to a level that inhilihe activities of plant enzyme. It was reported
that mango peel is a low cost substrate for thelytion of lactic acid (Jawad et al. 2013).
Similarly, low pH and improved fermentation of gi;adue to addition of molasses has been
vastly reported. Sugar is essential for good sifagmentation. The ripe pulp of mango is rich
in soluble sugars (70-90%), most of it is fruct¢68-67% of soluble sugars) (Kansci et al.,
2008). Mango residues have been used as addibvessilaging more conventional materials
to achieve proper indexes in the silos (Fi#tcal 2010 and Reget al 2010). However, the
achievement of desired pH is affected by DM, speaiety of the forage crop and type of
fermentation occurred (Kaizer and Piltz, 2004). &z crop residues are likely to ferment

successfully when the moisture content is reducethelow 70% prior to ensiling and a
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fermentable carbohydrate molasses is added (Sh&#89). Addition of molasses improved
the fermentable carbohydrates of grass fodder thaseasing the growth of lactic acid
producing bacteria (Yunus et al., 2000). The sigaift pH concentration of silage indicated
that both molasses and mango were utilized at ainmdte for the growth of lactic acid
bacteria and production of organic acids.

In addition, fermentation enhances the nutrientarmins, essential amino acids and fiber
digestibility. Addition of molasses and mango loaersilage pH and increased DM with
increasing level of molasses additives and decde®¥d with increasing level of mango
additives. DM was found in all additive level tithtfered significantly from other levels. The
DM contents of all silage samples in the presamstvere lower than the recommended 30%
DM optimum for good silage production (Titterton darBareeba, 1999). The DM
concentration of all treatments in banana silages \Waver than ensiled banana residue
(31.46%) observed by Sheikh (1989) and (28.19% R &lyman et al (2002). The DM of silage
in the current study was within the acceptable eanig24—67% for hay crop silages (Holmes
and Muck, 2000).

Both molasses and mango silage had similar CP wbntiich is related to the original
chemical composition of banana leave before emsiBanana leaf has moderate CP content
(about 15% and 16.1%) while the pseudo-stem is incfermentable energy (Ffoulkes and
Preston, 1978; Devendra, 1992).

The decreased NDF and ADF contents with increalgingls of molasses and mango, in the
current study, could have resulted from the lowtents of these nutrients in the additives.
According to Getu (2006), citing Singh and Oostjh§92) on the classification of roughages,

these feeds can be classified into quality feed% NDF). NDF and ADF contents of
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ensiled materials are low due to hemicellulosesratigion (Snyman and Joubert, 1995;
Salamone et al., 2012; Taher-Maddah et al., 20At}hermore, Baytok et al. (2005) reported,
decreased NDF and ADF contents with increasing lefveolasses in corn silage, because of
low NDF and ADF contents of molasses and incredsadentation resulted from the high
sugar content of molasses and mango. The NDF andH édhtents of all additive treated
silages were above the minimum of 30% and 19% odisjedy, required for healthy rumen of
dairy cows (Target ,2002), except ADF of T4 and T5.

Banana leaves and pseudo-stems have also relabetigr digestibility of 65% and 75%,
respectively (Ffoulkes et al., 1978). The resulthed current study is higher than the above
result. The increased IVDMD of all treatments coaldo be attributed to its low cell wall
contents as they are negatively related to it (Hak&t al, 2004). Mango peels have
promising potential for utilization as feed or feadditives due to thein vitro digestibility,
chemical composition and favorable volatile fattyida(VFA) composition and have the
potential to attenuate rumen methanogenesis, hemenhouse gas emissions (methane) can
be reduced (Geerkens et al.,2013). The lack ofifgignt difference among all treatments in

terms of CP, ADL and IVDMD implies that the addéigan produce good quality silage.

4.4.8. Effect of silage feeding on performance of sheem(vivo evaluation)

4.4.8.1. Chemical composition of experimental feeds
The silage used for animal evaluation in this pdrthe study was made at farmers field
following the same procedures describedifovitro evaluation above. In this study too, the
silage had a yellow color, had a pleasant odor,veasl soft in texture. Some mold in the first

batch of silage occurred at some farmers’ fieldisTiay have been related to inadequate
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resealing of bags after obtaining silage for fegdsince the problem disappeared after the
importance of preventing excessive air exposuredisazissed with the farmers.

The DM concentration of banana silage across tbatrtrents was comparable with fresh
banana leaves (27.1%) reported by Devendra (1992)olver than ensiled banana residue
(31.46%) observed by Sheikh (1989) and (28.19%nRathet al (2002). The level of DM in
silage was within the acceptable range of (24—6f6¥ohay crop silages (Holmes and Muck,
2000). The CP content in all treatments was lovirantthe (15.8%) reported for banana
pseudostem and leaf ensiled with 5% molasses bynRalet al, (2002) which could be due to
varietal differences of the banana. The lower asttent in both silages was different from the
result reported (21.50%) by Sheikh (1989). Conediains of ADF in silage were lower than
(41.2%) found by Rahman et al.,(2002) which magtesto differences in soil type and season

(Norton, 1994) in addition to the possible variatio variety.

4.4.9. Feed intake and weight gain of sheep

The similarity in mean daily DM intake among thiage treatments in the current experiment
indicates that there was no difference in accelityaloif silages by the experimental animals.
Silage intake (g/day) was comparable between bepierenental groups. Silage intake was
also increased across the different feeding weletaighout the feeding trial. The rejected
mango fruits could serve as a feed resource in @nfi@eding, mainly as a source of energy
because of its high energy (3527.34 kcal/kg) DMri@0 2011). Mango peels are especially
palatable to ruminants because of their high sugatent. Mango peels have promising
potential for utilization as feed or feed additivéhse to theirin vitro digestibility, chemical

composition and favorable volatile fatty acid (VFApmposition and have the potential to

attenuate rumen methanogenesis, thereby greengassamissions (methane) can be reduced
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(Geerkenset al 2013). Therefore, for optimum production, graziagimals should be
supplemented with feeds such as banana residue matigo or molasses during the dry
season as rumen degradability of banana leavepseaatdo stem is high (65% and 75%)
(Ffoulkeset al.,1978) and OM and DM disappearance follow the spateern (Kimambaet

al., 1991). Banana leaves and pseudo stems can be funbals in fresh, ensiled or dried
form (Ecoport, 2010). The DM intake was greater mvlemsiled rather than fresh green
bananas were fed. Mango byproducts can be usédeatock feed (de la Cruz Medina &
Garcia 2002; Sruamsiri & Silman 2009) as they havegher energy value than maize silage
and could partly replace energy concentrationsiegtsdor ruminants (Azevédet al. 2011).
Banana leaf meal could replace up to 15% of diet BMgrowing pigs, resulting in
satisfactory average daily gain and feed converggarcia et al 1991). Geoffroy and Chenost
(1973) carried out digestibility trials on goatsdages and reported that when bananas and
forages were offeredd libitum separately, the kids consumed bananas at a lnairging to

about 20-40% of their ingested dry matter.

In the present study, improvement in ADG was obsgmwn supplemented sheep compared
with those grazing natural pasture indicating thatnutrient supply from banana silage using
mango and molasses additives was sufficient fasfgatg growth requirement of yearling

male sheep. Banana leaf meal (leaves chopped andrgd) up to 40 percent in the forage
based ration on DM basis increased weight gaindeaul efficiency of Zebu cattle and sheep
(Garciaet al.,1973). The main reason for the relatively betterage daily gain in the sheep

supplemented with ensiled banana residue was dieethigh intake of CP. Feed CP content
of less than 8-10% DM may result in lower intakemnature sheep and cattle (Forbes, 2007).

Crude protein, ether extract, calcium and phospi®owmntents in the banana leaf were higher
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than most of the grasses present in the naturaklgmad (Singh, 1980). The present result, a
positive weight gain of sheep was maintained onstieep supplemented with banana residue
silages which showed us sufficient CP for growitjureement of sheep. In kids, green banana
leaves could be included safely up to 25 % of thal diet protein (Hembadet al.,2004). For
optimum production, grazing animals should be gisepplement such as molasses and
mango silage during the dry season as rumen ddgl&gdaf molasses and mango peels is

high.
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5. Conclusions and Recommendations

5.1. Conclusions

The current study showed that the main constraimthvhinders sheep production in the study
area is shortage of feed particularly during the skason. Although there is experience in
feeding banana and mango residue to sheep in tidly srea, there was no experience to
preserve and conserve the feed to use during thedpef feed scarcity. Then vitro study
demonstrated suitability of silage making from banaesidue with either mango or molasses
additive. The feeding trial with sheep showed that feedimggsei made from banana residue
with either mango or molasses additives at 1.5% iB\proved average daily body weight

gain of sheep by about 48-56% compared to the a@lamtider grazing management alone.

5.2. Recommendations
Further research is recommended to evaluate alhthi#gro combinations of additives on the

performance of dairy animals.
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7. APPENDIXS

Appendix Table 1. ANOVA for silage making and exation

Paramter

pH

DM

Ash

CP

NDF

ADF

ADL

IVTDMD

Sourct

Treatment

Error
Total
Treatment
Error
Total
Treatment
Error
Total
Treatment
Error
Total
Treatment
Error
Total
Treatment
Error
Total
Treatment
Error
Total
Treatment
Error
Total

Sum
Squares

0.077

0.018
0.096
2.838
0.279
3.118
2.604
1.424
4.028
0.981
2.847
3.829
96.247
54.697
150.944
44.010
16.823
60.833
1.513
3.769
5.283
82.460
114.224
196.684

of Degree

freed

4

10
14
4
10
14
4
10
14

4
10
14

4
10
14

4
10
14
4
10
14
4
10
14

o Mean
Square

0.019
0.001

0.709
0.027

0.651
0.142

0.245
0.284

24.061
5.469

11.002
1.682

0.378
0.376

20.615

F

10.59

25.43

4.57

0.86

4.40

6.54

1.00

1.80

Sig

0.0013

0.0001

0.0234

0.5189

0.0262

0.0075

0.4497

0.2045

DM: Dry matter; CP: Crude protein; NDF: Neutral dagent fiber; ADF: Acid detergent fiber; ADL: Acid
detergent lignin; IVTDMD: in vitro true DM digesiitty
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Appendix Table 2ANOVA test regarding supplement diet intake.

Parameters Source Sum of Squares DF Mean Square ig S

DM intake Treatmer 350.892 1 350.892 0.68 0.4471
Block 4531.53 5 906.3063 1.76 0.2758
Error 2580.1172 5 516.0234
Total 7462.541 11

OM intake Treatmer 6.351 1 6.351 0.02 0.9043
Block 3480.541 5 696.108 1.75 0.2765
Error 1986.1072 5 397.221
Total 5472.999 11

CPintake Treatmen 10.0833 1 10.083 1.07 0.3474
Block 81.680 5 16.336 1.74 0.2787
Error 46.902 5 9.380
Total 138.666 11

NDF intake Treatmer 371.853 1 371.853 6.75 0.0484
Block 484.046 5 96.809 1.76 0.2758
Error 275.619 5 55.123
Total 1131.519 11

ADF intake Treatmer 26.730 1 26.730 1.54 0.2702
Block 152.828 5 30.565 1.76 0.2757
Error 87.005 5 17.401
Total 266.565 11

ADL intake Treatmer 0.252 1 0.252 0.98 0.3671
Block 2.547 5 0.509 1.98 0.2352
Error 1.284 5 0.256
Total 4,083 11
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Appendix Table 3:

ANOVA test regarding body weightexperimental animals.

Body weight Source Sum ofDF Mean Sig
Squares Square

Initial body Treatmer 2503 2 1.251 1.13 0.3602

weight Block 38.851 5 7.770 7.03 0.0046
Error 11.050 10 1.105
Total 52.405 17

Final body weight Treatmer 15.641 2 7.820 6.26 0.0172
Block 23.116 5 4.623 3.70 0.0371
Error 12.485 10 1.248
Total 51.242 17

Total weight Treatmer 15.581 2 7.790 33.40 <.0001

gain(kg) Block 3.631 5 0.726 3.11 0.0595
Error 2.332 10
Total 21.544 17

ADG(G/day) Treatmer 1923.467 2 961.733 33.41 <.0001
Block 448.383 5 89.676 3.12 0.0595
Error 287.824 10 28.782
Total 2659.676 17
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Questionnaire

Section 1

General information

Enumerator's name

Name of the respondent:

District

Peasant associations

Questionnaire no

1. Position of the respondent in the family: 1 =able 2 = Wife 3 = Son 4 = Daughter
5 = Others

2. Sex of the respondent: 1 = Male 2 = Female

3. Age of head of household Yrs

4. Education of the head of household: 1 = No fd2ra Adult literacy
3=Primary 4 = Secondary 5 = Bey/secondary

5. Household size and composition:

Age group (years) No. of members in the hdwde
Male Female Total

< 6 years old

6-9 years old

10-15 years old
16-60 years old
> 60 years old
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Section 2

1. What are the major types of crops cultivated indifferent seasons of three year on your
land?

2. What are the major cash crops that you cultivatekRhe according to their economical

importance?
Cash crops Rank
1.
2.
3.

3. State the major farming activities which amed as income source for your family
today's? 1 = Crop production 2 = Livestock prodoetB = Mixed farming 4 = others (specify

if any )

4. Describe the farming activity that has beenedusbefore 5 years ago?

5. What are the populations of livestock thatwsed in your household?

Species
Number | Species Number
+ Cattle Goats
+ Cows * Kids
» Oxen [castrate] e Breeding bucks
» Bulls [breeding] » Castrated bucks
* Heifers * Fattening bucks
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» Calves [<1 year] * Doe’s

* Yearlings [1-2 years] -Male

* Yearlings [1-2 years]-Female Total # of goats per HH
Total # of cattle Poultry
Sheep

* Lambs Pack animals

 Ewes * Equines

* Breeding rams * Donkeys

» Castrates * Mules

» Fattening rams

Total # of sheep/HH

Section 3
Sheep production system
1. What is your production system?
1 =Mixed crop-livestock production system 2 = Rgban production system
2. What are major constraints hinder production oegha this area? (Rank)
1 = Disease and parasites 2 = Feed and grazinglarthges
3 = Water shortage 4 = Labor shorageDrought 6 = Predators
7 = Marketing problems 8 = Inadequatd/ of inputs
9 = Inadequate/lack of extension ampsrt
10 = Inadequate/lack of technologied mnovations

11 = Lack of capital and credits 1@thers

3. What are the major reasons for keeping sheep? @mdthem according to their

importance.

Purpose of keeping  Small ruminant
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B

o

™~

©

1 = Meat
2 = Milk

3 = Income

4 = Saving/Asset
5 = Wealth

6 = Manure

7 = Ceremony

8 = Breeding
9 = Skin

8=others,

(mention)

What is importance of sheep compared to othertibogs(rank them)

History of origin and introduction sheep breed foumthe area

1. Place of origin

2. Time of introduction

3. Name of ancestor’s breed

Do you select the best breeding ram? 1 = YesNb=

If yes, criteria for selection of ram(s)

1 = Size 2 = Color 3 = Horns 4 = Character 5 = falality

Other (specify)

Source of ram(s) within the last 12 mon{fgk one or more boxes)
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1 = Own ram (breed) 2 = Own ram (bought) 3 = Ramadied 4 = ram borrowed
5 = Neighbor’s ram 6 = Communal ram @rknown ram
9. What Breeding/mating practice/system do you employ?
1 = Natural Mating/uncontrolled/open
2 = Natural Mating/Controlled
10.If mating is uncontrolled, what is the reason?
1 = Animals graze together
2 = Lack of awareness
3 = Lack/insufficient number of breegliram

4 = others (spegif

11.How do you detect the on —set of heat

12.Which season or month of the year the highest ¢festteep observed (the main

breeding season)

13.You fatten sheep before? 1 = Yes 2 = No
14.1f yes, how long have you engaged in sheep fatgghin
1 = within last 5 years 2 = 6-10 years 3 = befdg/dars ago 4 = other (specify)

15.How you select sheep for fattening? (Rank)

1 = Conformation (height, length agearance)

2 = Breed (known local ecotypes)

3 = Physical characteristics (colmrn, tail length and width, ear etc)
4 = Age 5 = others, specify

16. If you practice select with physical charactecisti(Rank)
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1 =Color 2 = Horn 3 = Ear 4 = Tall

5 = Body length and height 6 = othepecify

17. Do you practice fattening of sheep for targetedketaseasons and market
places? 1 = Yes 2 = No
18. If yes, which season/months (Rank)?
1=New Year festival 2= Easter 3= Cinnizs
4= Meskel 5 = Ed Al Fetir 6 = Arefa='bthers, specify
19. Is there and emerging opportunity of increasedatehand incentive price for
fattened sheep? 1=Yes 2=No

20.For how long the activities of fattening take place

Short time for ------------ month
Medium for -------------------- month
Long duration for --------------- mamt

21.Which duration is the best and the most profitaidsging period?

22.How many animals you fattened at a time?

23. Mainly to whom you sell the sheep? (more than arsvar is possible) 1 = Retailers
2 = Consumers 3 = Butchery 4 = Restaurant and $16tel Collectors 6 = Exporters
and abattoir agents

25. How do you decide the selling/buyingpnn market?
1 = Own personal observation
2 = Communicating with regular cusewrim destination market

3 = communicating with other tradéte you
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4 = Communicating with brokers
5 = Depending on previous marketermiation
26. In your opinion, who have the more poteeset the price in this market?
1= Producers 2 = Retailers 3 =oWbkalers 5 = the market itself 6= Broker

7=other, specify

Section 4

Feed resources and feeding system

1. What are the major feed resources of sheep availalyour area?/rank

accordingly

No. | Feed resources Season
Dry season Wet season

Natural pasture
Crop residue

Hay

Silage

Road side grazing
Farm side grazing
Rejected banana
Rejected banana and mando
Industrial by- products
Agro-industrial by-products
Others

RPRPRO|ONOO|OIARWNEF

= o

2. Could you mention major of feeds you are usingdttening sheep?

3. Is there communal grazing land in your area? 1=¥es\No

4. Do you graze your sheep? 1=Yes 2=No
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5. If yes, for how long? days in a week hours a

day
6. How sheep graze? 1= Sheep alone 2=Together widn iwlestock
7. How you practiced grazing your sheep in the drggea
1=Free grazing 2=tethered gradnagut and carry

8. Do you practiced tether feeding of sheep 1=Yes 2=No

9. If yes, why? 1= To avoid crop and vegetation dam&ySave labor
3=Protect from predatord)lize marginal land and hillsides
5= control breeding 6=0thepecify

10.1s there feed shortage or constraint for your sAdeg¥es 2=No

11.1f yes, when? 1=Dry season 2=Wet season 3= Both

12.1f feed shortage in your locality, why? (rank)
1=Shrinking and declingproductivity of grazing lands
2=Increase of animal dapan
3=Cultivation, settlemeamid protection on grazing lands
4=Drought
5=Increase of human papah

6=others, specify

13.What are the major feeding systems at differenstggical status of your sheep?

14.1s banana and mango grown in your area? 1. Ye®2. N

15.1f yes, when you harvest banana and mango? (lredibatmonth)
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16.How much is the yield of banana and mango perafi@gnd? (In

kg)

17.How many times per year do you harvest banana amgja?

18.What is the dominant type of banana variety that giw in your area?
Type Rank

1.

2.

3.

19.Do you feed the banana and mango residues as keswgpal feed? 1. Yes 2. No

20.What are the feed types that you always mix wizh it

21.Which variety of banana is used for animal feed ilamtly? Why do you choose
the varieties?
Type Rank

1.

2.

3.

22.Do you think feeding banana and mango residue ase®the performance of
animals?
1. Yes 2. No
23.1f yes, to what extent? 1. Highly 2.Moderately3. Poorly

24.For which species of animal’s banana and mangduesiis fed (give a rank)
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Cattle: Calves Bulls Cows

Small ruminant:  Sheep Goat
25.Which species of animal more prefer banana and mesgidues?

1, 2, 3,

26.1n which season you use banana and mango residuapafeed source?
At a time of feed shortage Excedsad always
27.How frequently do you feed your animal banana aadgo residues a day?

Once Twice Three times

28.What time do your animals feed banana and mangduesin a day?

In the morning , afternoon _, late afternoon , and any time

29.What is banana and mango residues feeding practtbe area? Is it feeding?

- As green -silage and conserved____-others specify

30.Do you think that supplementary feeding of youmngais is necessary? When?

Section 5

Utilization and constraints of banana and mango radues

1.

2.

Do you have the experience of feed conservation?eg 2. No

If you practice feed conservation, list the morghason?

Wet season , Dry season Alttbgeyear
If no, why you don’t conserve feed for your animal?

Lack of awareness about it , Lack of mepee
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Less availability of the residue Ospexcify

4. Months of feeding your animals?
Sep_ Oct_ Nov_ Dec_ Jan_ Feb_ Mapr_ May_ Jun_ Jul _ Aug_

5. What are the challenges and constraints facedreqtard to feed conservation?

6. How do you feed your animal?

Alone , mixed ,assupplement ___ other specify
7. When was an excess of banana and mango resicuscpon

During harvesting season of fruit crops , any stage of plant growth

Other specify
8. What part of banana do you feed your livestock?

Banana peel , damaged bananas ;

Leaves , young stalks

Pseudo- stems

©

Which part of banana residue is most preferregday livestock? Rank them

10. What part of mango do you feed your livestock?

Cull fruits , Mango seeds (pits, stones)

Mango seed kernels (mango kernels) :

Mango peels , pulp , seeds
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11. Which part of mango residue is most preferred dayryivestock? Rank them

12.Do you have the experience of banana and mangiueesonservation before feeding
your animals? 1. Yes 2. No
13.1f your answer for question 12 is yes which techiesjdo you use?
Ensiling other specify
14. If you conserve when do you use it

During dry season any time

15.How long will the preserved feed be enough to yJimastock months?
16. At which season do you face feeds shortage?
Short rainy season Long rainy season
17. What are the consequences of the feed shortage?
Weight loss Increased mortality Abortion frequency

Weakness Anoestrus ersDth  specify

18.Measures taken to alleviate this problem

Feed preservation as hay Feed paéseras silage
Use of improved forage production Fobdek
Forage purchase Destocking If others, specify

19.Have you ever tried to balance the livestock watiaftfeed produced in
your household?

Yes No, if yes how?
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20. List possible reasons of banana and mango resitilization constraints

(Prioritize according to their importance)

Constraints Codes ranks
21. What is the size of your banana and mango landa@naa ha
mango ha
22.1s the land your own or contracted? banana gman
23.1f your own, how many ha? and itremted how many ha?
Banana Mango

24. If your animals are confined, do you know the antaf banana and mango residues
with supplement given to them daily?

Yes No

25. And if yes what is the amount of:

1. Banana kg

2. Mango kg
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