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Executive summary

Grazing land resources in the central highland thfidpia are shrinking due to intense
degradation as a consequence of expansion of adtpation and continuous heavy grazing.
Improved management of grazing lands necessitatewlkdge of the nutritional qualities of
different pasture species, biomass yields and mathrcomposition. Estimation of diet
composition, feed intake and digestibility of thetdconsumed by animals is a perquisite for
effective forage pasture utilizations; howeverisitvery difficult and complicated to estimate
these parameters in free grazing animals dlienttations of available methods of measurement.
The use of plant cuticular wax hydrocarbons as cietposition markers has recently received
increasing acceptance as it is less-invasive almivaldiet composition estimation without
restricting free movement of animals. Four studiese conducted as part of the research with
the objectives: (i) to access changes in vegetatonposition, aboveground biomass yield and
soil quality attributes in response to traditiorgghzing land management practices; (i) to
characterize nutritive values of key forage spedresn traditional enclosure area; (iii) to
guantify the amount and composition of plant waxrkees for different native herbaceous

species and evaluate the potential of using thesepounds as markers to estimate diet
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composition of grazing animals; (iv) to validate thse of these plant markers for feed intake and

digestibility estimation both during wet and dryasens by using n-alkane technique.

In study one, two traditional grazing land manageihpeactices, enclosure and the adjacent
open access grazing land were selected in two egplmgies, highland and mid highland, in the
Kofele district, West Arsi Zone Oromia regionaltstaEthiopia. At the two agro ecologies, 10
plots of 40 m x 40 m (five plots each for the twoazing management practices) were
established. Along 10 m transects, sixteen 0.5 tM5xm quadrats were nested per plot for
sample collections. Mean aboveground biomass yield enclosure area was higher (P<0.001)
than open access grazing in the mid-highland agotegy with an increment of 28.8%.
Principal component analyses (PCA) correlationarare of aboveground biomass yield, species
richness, species evenness and Shannon diverdigx ishowed distinct separation with PC1
accounting for 50.2% and PC2 accounting for 45.5P6the total explained variance of

vegetation attributes across enclosure and opaingrareas.

In study two, chemical compositiom, vitro gas production and methane measurement were
conducted for 19 key forage species. Forage spevedsated in the present study showed large
variation in the crude protein (CP) and fibre cotde gas and methane (gHproduction.
Principal component (PC) analysis showed thatitisethree PC (PC1 to PC3) explained 84.2%
of the total variation in chemical composition aimdvitro fermentable parameters of forage
species evaluated. The first principal componer@1{P which explained 54.7% of the total
variation was positively associated with CP, organatter digestibility (OMD), metabolizable
energy (ME), fractional gas production rate (cfeetive gas production (EGP) and total gas
production at 24 h, whereas it was negatively ¢ated with neutral detergent fibre (NDF), acid
detergent fibre (ADF) and CHproduction. The second PC (PC2), which explaing8% of the
total variation was positively correlated with ARRd total gas production at 96 h, while it was
negatively associated with ash, OMD and ME contEatage species which had higher values
for PC1 Centella asiaticdorb and all legume species evaluated) were cheniaet! byhigher
CP content, fractional gas production rate (c), E4BE total gas production at 24 h, but had
lower fiber contents and GHproduction compared to forage grasses, sedgestaed forbs

evaluated. Similarly, forage grasses which had drighalues for PC2Hleusine floccifolia
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Eragrostis botryodesPennisetum sphacelatumnd Poa leptoclada were characterized by
higher ADF and Chiproduction. The key forage species clustered depgrah their chemical
composition andn vitro fermentable parameters into five main groupSroup | included
Centella asiaticdorb which had higher gas production at 24 h, hidhectional gas production
rate (c) and higher EGP, but lower in NDF and,@kbduction compared to the rest groups.
Group lll, which had all legume species had on agerhigher CP content, higher fractional rate
of fermentation (c) and higher EGP, but lower Qifoduction compared to grasses in groups IV
and V. In study three, plant wax components fromkigy forage species were measured in order
to select promising markers for estimation of diemposition, feed intake and digestibility of
the diets. Large variations in tota}g30 Gss were observed between plant species, ranging from
58 mg/kg DM inCentella asiaticao 968 mg/kg DM irfHaplocarpha hastataThe odd-chain n-
alkanes comprised the highest proportion, being ##%he total alkane concentration in
Ischaemum afrunto 95% inHaplocarpha hastatalLarge differences in the patterns of long
chain alcohols (LCOH) were observed among the pimefcies for &OH to G4OH, which
might be an indication of LCOH as species markereri=chain LCOH had the highest
proportion of the total LCOH concentration, rangfngm 92% inBrachiaria scalaristo 97% in
Ischaemum afrurrPatterns of carbon stable isotope enrichmeit€] of the n-alkanes for all n-
alkanes were between -19.7%. iAndropogon amethystinugnd -40.6%. in Trifolium

mattirolianum which showed relatively large variations betwémage species.

Lastly in study four, controlled in-door experimgnivere conducted using eight steers
during wet and dry periods to validate the accuratythe n-alkane method in intake and
digestibility estimations. Randomized complete kldesign with 2 x 2 factorial arrangement of
the treatments, two levels of diet intake (low @h) and season (wet or dry) were used. Steers
were housed in individual pens with individual esxéo feed and water, and strees in each group
were randomly assigned to a low intake (11 g DMBYY) or a high intakegd libitum at a
refusal level of 50 g per kg feed offered) pastliet. The experiment lasted for 15 days, which
included 5 days of adaptation and 10 days of fepdamd data collection. During the
experimental period, each steer was dosed witlpargaung containing 400 mg£alkane twice
daily (at 6:00 and 18:00 h) using a balling gune Tasult showed thahe proportions of odd-

chain n-alkanes comprised 0.93 and 0.92 from tta¢ &dkane content in the diet during wet and
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dry season, respectively andoCCs1 and Gs presented with higher concentrations in the two
diets. They also made up 0.86 and 0.83 of the tmtdichain proportion for wet and dry season
diets in that order. The mean faecal recovery rate€,; to G5 ranged from 0.49 for £ to 0.79

for Csp for low intake group and 0.62 for,£Xo 0.83 for G, for high intake group during the wet
season. Similarly, mean faecal recovery rates aafigen 0.68 to 1.05 and 0.61 to 0.9 fos3C
and Gg in that order during the dry season for low anghhintake groups, respectively. For the
two groups, the two alkane pairs underestimatenater intake (DMI) during the wet season
without faecal recovery correction. On the contrahe two alkane pairs accurately predicted
DMI for both low and high intake groups after fale@xovery correction. During the dry season,
the Gai/Csz and G3/Cs;, pairs overestimated DMI by 22% and 26Béspectively for the low
intake group by assuming similar faecal recoverftetAfaecal recovery correction the two
alkane pairs accurately predicted the DMI with o6Bt over estimation from the measured
DMI. The two alkane pairs accurately predicted@@l regardless of faecal recovery correction
for high intake group. Dry matter digestibility (ODJ was accurately estimated by usings C
alkane as internal marker after faecal recoveryection for the low intake group. On the
contrary, DMD was different (P<0.05) for measured @stimated during both seasons for the
high intake group. It can be concluded that thermftion generated from this thesis could
increase the previous knowledge pool in this aré&chvwill be used to design appropriate
grazing land management practices to increase fesdurce availability, environmental

sustainability and productivity of the farming sistin the study area.
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GENERAL INTRODUCTION

Ethiopia’s current human population is estimatedoéo more than 105 million, with an
annual increment of 2.5% (CSA, 2013a). The majmitthe populations are concentrated on the
highlands and because of this the highland areasha most exploited and environmentally
degraded (Hurni et al.,, 2005). As the rapidly iasiag population needs increased food
production, this has resulted in land use changdise country. To meet the need for food, fibre
and fuel, large areas of marginal lands are beangéd intensively, natural forests are suffering
sever deforestation, and large areas of grazirdgslare being overgrazed and degraded (Bewket,
2002; Nyssen et al., 2015). Agriculture adds nedBl§6 of the country’s gross domestic product
(GDP) and 90% of its exports (FDRE, 2016), whichkesait the main contributor to the
Ethiopian economy. In addition, about 80% of theurdoy’s population depends on the
agricultural sector for their livelihoods (Njeru &t, 2016), which makes it the main source of
employment. The crop-livestock production systerthanhighland is described by the associated
outward growth of cereal crop fields (Gryseels, &9lengistu, 2002) which has increasingly
reduced the realm of land allotted to grazing,ébgrmarginalizing the grazing lands into areas
such as hilly tops, swampy areas, roadsides, amer oharginal lands that have no farming
potential (Mengistu, 2004).

Livestock production is one of the essential congois of the agricultural sector in Ethiopia
and provides meat and milk, farm power and incoamarfixed crop-livestock farmers (Ehui et
al., 2002). According to Aklilu et al. (2013), the outmbtained from the livestock industry is
very low despite the large and diverse livestocketje resources in the country. Among the
major problems affecting livestock production anoductivity in Ethiopia, feed shortage in
terms of quantity and quality is the leading probl@ olera, 2007). In the smallholder livestock
production system, animals are reliant on diffet@mimal feed resources that differ in quantity
and quality. The feed resources available in thentty can be classified as natural pasture, crop
residues, improved forages and agro-industrial toghpcts, of which the first two are the most
important contributors (Tolera et al., 2012). Atreated by CSA (2013b), about 57.5%, 29.6%,
7.1%, 0.9 and 0.2% feed resources come from natgture, crop residues, hay, by-products

and improved feeds, respectively. This implies tirarzing is the predominant form of ruminant
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feeding system in most parts of the extensive andllsolder crop-livestock farming areas in
Ethiopia (Mengistu, 2004).

Mengistu et al. (2017) indicated that the condgi@i grazing lands in Ethiopia are very
poor due to mismanagement, which necessitates imteedction. The productivity of natural
pasture or grasslands in the major areas of Ethiapivery low (Kebede et al., 2016a).
According to Ndambi et al. (2018), the productiviby natural pasture in the country is
characterized by less investment, small pasturerawgment, and no fertilizer application
leading to very low yields. The low production adgburelands and overstocking have caused
overgrazing of native pasturelands and reducegrdductivity due to continuous heavy grazing
and mismanagement practices (Ebro, 2015). Moreow®vly emerging climatic phenomena are
affecting the botanical composition, yield, andritive content of pastures (Kitaba and Tamir,
2005; Denekew et al., 2005; Tessema et al., 2@&erally, improved management of grazing
lands necessitates good knowledge of the nutritiopalities of different pasture species,
biomass yields and botanical composition for grgZerbivores. This in turn affects animal
production and reproduction performances, and hénedivelihoods of smallholder farmers
(Melaku et al., 2010).

Estimation of diet composition in freely grazingiraals is challenging due to the
invasiveness of the methods applied and associateatcuracies of simulating the natural
grazing behaviour of animals. Similarly, feed irdals the most variable and difficult to
accurately determine, and hence affects livestoddurtivity. Knowledge of the grazing
behaviour of the different animal species and lsagdler different circumstances is important
to develop sustainable grazing land and managemratices. Similarly, information about
which plants grazing animals most or less freqyeotinsume is limited, which has hampered
the development of sustainable grazing land maneagemractices. There are little studies
conducted on these topics in which the availabibfy such information is of paramount
important to understand the conditions of graziagtpre and develop sustainable grazing land
management practices in the study area and beytreduse of plant cuticular wax hydrocarbons
as diet composition markers has recently receineckasing acceptance as it is less-invasive and

allows diet composition estimation without resingtfree movement of animals.
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Objective

The overall objective of this study was aimed argifing grazing ruminant nutrition in the
central highlands of Ethiopia by using plant waxrkeas for diet composition, feed intake and

digestibility estimation. The Specific objectivesne:

o To quantify changes in vegetation composition, @&goound biomass yield and soil
quality attributes in response to traditional gngziand management practices in a mixed
crop-livestock production system in the centrahfagds of Ethiopia.

o0 To characterize nutritive values of key forage ggeand to determine the relationships
between chemical compositions andvitro ruminal fermentation parameters of the key
forage from traditional enclosure area in the @drtighlands of Ethiopia.

o To quantify n-alkane, long chain alcohol and carbtable isotope enrichments of forage
species from the central highlands of Ethiopia, @nelvaluate the potential of using these
compounds as markers to estimate the diet composifigrazing animals.

o0 To measure the faecal recovery rate of n-alkares #rebu type Arsi steers fed different
levels of pasture forage from the central highlaofdSthiopia.

o To validate feed intake and digestibility estimatboth during wet and dry seasons by
using the n-alkane technique on Arsi steers fel@miht levels of pasture forage from the

central highlands of Ethiopia.
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CHAPTER ONE

Literature Review

1.1. Livestock populations, productivity and theirimportance in Ethiopia

Ethiopia has diverse agro-ecologies appropriatdifestock production and possesses the
biggest livestock population in Africa in termslefadcount (CSA, 2018). Livestock populations
in the counry estimated to 57 million cattle, 30liom sheep, 23 million goats, 4.8 million
camels, 9 million equines and 57 million chickeR&Q, 2019). According to Birhanu (2014),
65% of the whole acreage in Ethiopia has an elewabf upper than 1400 masl. High
populations of animals are raised in the highlamd®re the majority of the population resides.
As indicated by Hurni et al. (2010), most of theas of the Ethiopian highland are arable lands,
and as a result most of the country’s human arestock populations are occupied in this area.
The highland areas have mostly a mixed crop-livdst@rming system where oxen play a

crucial role as draught animals.

According to the FAO (2019), agriculture supportgero 80% of the population and
contributes to 35% of the gross domestic produ®@Rs Livestock is an important component
of agriculture accounting for about 45% of the ltetue of agricultural production arsdistain
the lives ofan oversized share of the population (FAO, 2018 Sector employs about 68.2%
of smallholder farmers (FDRE, 2016). Within the gdxcrop-livestock system, livestock play a
central role within the livelihoods of numerous nf@rs. They serve as a source of food
production (meat, milk, eggs and blood), inputsdiap production (draught power and manure),
industrial raw materials, cash income and capitalmulation, transportation, export earnings,
serve as a coping means against climatic shocksuaodrtainties (Solomon, 2003; Tegegne,
2004; Behnke and Metaferia, 2011) and has somalsawil cultural roles suchs gifts etc.

The livestock production and management systemaoistignextensive, where local breeds

are carried on low-input/low output management ficas (Tegegne and Feye, 202@espite

the massive livestock population, the existingadlé environmental setting and the significance
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of livestock to the livelihoods of numerous peoples productivity and economic contribution of
this sector in Ethiopia is less than its potenticause of technical, environmental,
infrastructure, absence of appropriate institutiarsd unsuitable development policies (Tolera,
2012; FAO, 2019Tegegne and Feye, 2020).

1.2. Factors affecting livestock productivity

The overall livestock production constraints in iBfha were feed shortages, livestock
diseases, low genetic paotential of indigenousstivek, lack of marketing infrastructure and
water shortage (Tibbo, 2000). One of the most ingmrtechnical constraints limiting the
productivity of livestock is shortage and poor giyabf feeds, and confirmed by many studies
(Mengistu, 2002; Zegeye, 2003; Duguma et al.,, 2022rording to FAO (2018), Ethiopia
incorporates a deficit of 27 million metric tonsafimal feed every year and desires to fill this
gap. On the other hand, high population pressutledrcourse of a rise in livestock numbers, and
a discount of pasture land in favour of crop lahds increased the pressure on the remaining
pasture (Seifu et al., 2011).

1.3. Livestock feed resources within the highlandsf Ethiopia

According to CSA (2012), grazing is the major typés$eed followed by crop residues, and
also hay and by-products, a very small amount gfrawed feed and other types of feed were
used as animal feed by small holder farmetrs irrdin@ areas of the country. The feed obtained
from natural pastures is estimated to cover 800% ®f the total livestock feed (Benin and
Pender, 2006; Mengistu, 2006). Livestock within lighlands graze on permanent pasturelands
(private or communal) and fallow land during thepping season and on croplands after harvest
(Gizachew, 2002).

1.4. Status, productivity and contribution of natural pasture as livestock feed in the

highlands of Ethiopia
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According to Gurmessa et al. (2021), natural pastur Western Ethiopia carry on livestock
for a period of 6 months (June to December) umbbcharvest and ready for stubble grazing.
Similarly, Kofele district, central highlands of Hibpia, has bi-modal rainfall distribution with
small rains starting from March/April to May andetimain rainy season extending from June to
September/October and livestock depends on grdam@r7 moths based on the duration of the
rain (Hussein, 2017). This conforms to the overadlearch report that shows natural pasture is
one of the main supplies of animal feed in the tgu@engistu, 2006; CSA, 2013b). The
productivity of natural pasture in the major area&thiopia is very low (Kebede et al., 2016a).
In the study conducted in Adaa Liben district, calnhighlands of Ethiopia, on poorly managed
and overgrazed unimproved pasture, annual averagerny production of 2 ton DM/ha was
reported by ESAP (2009). According to Jutzi et(2887), natural pasture can produce up to 6
ton DM/ha in the highlands, but when continuousigizgd it yields only 2.5 ton DM/ha. The
aboveground biomass yield and nutritional qualityhatural pasture is usually low (Kitaba and
Tamir, 2005) because of poor management and uiilizaAs a result of seasonal fluctuations,
there is high variability in the amount and quabtyfeed available from natural pastures (Funte
et al., 2010). Natural pasture production is charaed by very minimal investments, little or
no pasture improvement and no fertilization resgltin very low yields (Ndambi et al., 2018).
The ME, CP and DM contents of those natural pasturenost cases have been reported to be
below and unable to fulfill the mantainance reguieat of the animals in the Bale highlands
(Bogale, 2004). Similarly, there’s a severe shatafjgrazing resources along with a noticeable

decline in the quality of the natural pasture wittiie highlands of the country (Kitaba, 2003).

1.5. Grazing land management practices and effectsn pasture productivity, quality and

vegetation status

There are differences in the owenership possesaiohmanagement of grazing lands in
Ethiopia. According toGurmessa2021) in Western Ethiopia, grazing lands areizagd and
managed communally and/or privately. Gizaw et201{) reported that on average about 18.9%
and 81.1% of the grazing lands in East shawa (LanteDugda districts), in West shawa (Ejere
and Ada-Berga districts and Jimma (Bora, Dedo, Karsd Seka-Chokorsa districts) of Oromia

were owned by communal and private ownership ofiggalands, respectivelysome research
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findings showed that the quantity of land allocatedcultivation to grow plants has increased
(Alemu et al., 2015), others suggest that croplaralse been converted to woodland or forest
(Yeshaneh et al., 2013). In both, the competitmmidnd between crop and livestock production
will remain as the need for the livelihood of humamd animal feed resources continues to
increase Human population increment has also accelerateddnversion of grazing land into

crop land Rota and Sperandini, 201@ther researchergiésseret al., 2010Gurmessa, 2021)

also reported that the increment of cultivationdlas the number one reason for the declining

size of grazing land at different locations.

The main traditional grassland utilization systeimseither private or communal grazing
lands are free grazing and enclosure (Plate 1.&ye Hhe enclosed area is either grazed
rotationally or used for the cut-and-carry systamg in rare cases a part of the enclosed land is
left aside as standing hay (Habtemicael et al.42@izaw et al., 2017Gurmessa2021). The
enclosure area during the rainy season refersétegted land unit that is protected from grazing
by shieldedfrom the activities of a specific class of animbisusing appropriate barriers like
fencing and/or controlling the doorway of the ansnfollowing the onset of the short rainy
season. On the other hand, open access grazing tefan area of land which is exposed to
unregulated and year round grazing by an oversmedber of mixed livestock species. This
type of grazing land may be owned privately or camally. Tether feeding on the road side

was newly started by livestock keepers owning anlgw livestock Gurmessa2021).

11
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Enclosure protected from grazing Enclosure grazed after pasture matured

-

Free grazing: Openly grazed throughout the vear by all livestock species

Plate 1.1. Traditional grazing land managementtjmes (enclosure during wet season and open
access grazing).

According to Habtemicael et al. (2014), herbacdmomass production varied substantially
between the three grazing management practices asicut-and-carry, seasonal grazing and
continuous grazing with almost three times theaneents obtained when continuously grazed
compared to the cut-and-carry system. The sameoiaalo reported that some species like
Andropogon abyssinica, Cynodon nlemfueasigdHeteropogon contortuselected by farmers as
extremely important completely disappeared fromtiomous grazing compared to seasonal
grazing. The absence of desirable forage spe@es ¢ontinually grazd area may be their lack of
ability to tolerate heavy grazing than weather ¢oboals, because the two grazing regimes were
located within an identical climateFuhlendorf and Engle (2001) observed an identical
directional effect of grazing pressure on the reéatomposition of short and mid-grass response
groups.

12
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Low productivity of pasturelands and enormous h&imé on small grazing lands are the
main causes responsible for lower productivity ameergrazing of natural pasturelands.
According to Ebro (2015), low productivity of nadédirpasture is associated with continuous
heavy grazing and weak grazing land managementiggac Overgrazing is not a function of
what number of animals is on a pasture alone,thsita function of how long they continue to be
within the pasture or paddock. In grazing managéntene is the most significant factor that
has to be considered in establishing a grazingesysbr sustained forage productidarazing
land management practices include observation @reyhwhen and how much livestock graze.
As a result, knowledge of the existing conditiofisanimal feed production is crucial so as to
spot and design proper interventions to enhanakdepply and livestock productivity.

Grazing animals influence species composition alter dhe biomass distribution and
biodiversity of the grazing lands depending ondheezing pressure exerted (Zerihun and Saleem,
2000). Tadesse and Peden (2003) also reportefotlage species composition and productivity
of the pasture are highly influenced by animal ggeand intensity of grazing. This problem
inevitably requires improving the productivity dfet grazing lands within the country through
appropriate management interventions so as to kpepfavourable balance within the botanical

composition of the available natural pasture sygecie

1.6. Quantification of the nutrition of grazing animals

According to Mayes and Dove (2000), feed intakelddae a top indication of animal
productivity. In animals controlled in barns, intakan be calculated simply by weighing the
guantity of feed offered and refused. Conversatygiazing animals, quantification of feed
intake is more complicated and it is almost notsgae to calculate directly. The diverse
methods available for estimating herbage intakepkmet or animal based. According to Walters
and Evan (1979), the plant-based intake quantiinathethod depends on the measurement of
plant aboveground biomass yield before and aftazigg with corrections for plant re-growth
during the quantification time. By using this meadhd is impossible to estimate the intake of a
single animal unless that animal is set aside éenpladdock separetly. There is a consensus that

animal methods used to measure pasture intake igastitility estimation results have greater

13
© University of Pretoria



UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

(0%@‘:@

benefit compared to plant based due to the albdijo measurements on a single animal (Mayes
and Dove, 2000) and this credit that animal facsogsificantly contribute to variability (Keli et
al.,2008).

From animal based measurement, behavioural obgsiveglies on the animal’s intake
behaviour and does not need complicated technmperform measurements. Intake estimation
is either done by direct inspection or helped veitjuipment that estimates intake as a result of
what quantity of diet the animal can take in orte,ktihe repetition and the total amount of time
spent on feeding (Parker et al., 1993). This methasl numerous drawbacks, like variations
within the size and width of the animals’ dentatipand also the variation of bite size over time
(Oliveira and Silva, 2007). Additionally, utilizatm of equipment is an invasive procedure may
be disturbing the animal’s ingestive behaviour (B&gnd Dove, 2000). Moreover, this method

is not appropriate for animals fed in groups (Matebal.,2003).

Weighing of animals could be another method fronictvithe quantity of feed offered by an
animal is estimated after a little period of intakg weighing the animal’s initial and final live-
weights, with the difference obtained equivalentitsodiet intake (Penning and Hooper, 1985).
According to Mayes and Dove (2000), correctionsutthde needed to take into consideration
weight loss because of metabolic processes (MagdsDmve, 2000). Besides weighing the
animals, the faecal collection technique is anotihethod of pasture intake and digestibility
estimation which involves the collection of theraal's fecal outputTotal faecal collection may
be allotted to caged animals from the ground ormploying collection equipments. Lippke
(2002) hypothesized from his review that faecalembion is challenging and possibly to change
the animal’s normal feeding behaviour and this ingsact on diet estimatiorzeedintake and
digestibility can additionally be measured by cheahiindicators, referred to as markers. By
using markers, feed intake is measured from the katween the total faecal output and its
indigestibility (Mayes and Dove, 200@pigestibility is often derived from the utilizatioof an
internal marker or am vitro digestibility technique. The use of markers in déstimation is
based the generalization made by Kotb and Luck&7Z) in which markers are mostly
indigestible, totally recovered and no effect oimahtary tract physiology of the animals.

However, up to now no marker totally fulfills thessgjuirements (Dove and Mayes, 2005).

14
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1.7. The impeliment of markers in nutritional studies

Markers are classified into internal or externalrkeas. Chromic oxide is the most typical
external marker implemented in animal diet estioratiLippke, 2002). Additionally, titanium
dioxide has become increasingly popular (Thompsmh \Wiseman, 1998). The most concern
over the implementation of these markers is thessbility to cause carcinogenic effects and
incomplete faecal recovery. Internal markers uguallind in the diet either as distinct chemical
entities or analytical products (Tamminga et 8@89). These internal markers could pass certain
criteria to be considered as markers, like beiggiestible, inert, not bulky, neither affecting nor
being affected by the gastro intestinal tract (GN'¢lasquez, 2017), and mixing and remaining
uniformly distributed in digesta (Pellikaan et &013). However, their utilization is restricted

since they are not fully indigestible (Tammingalket 1989).

1.8. Plant cuticular wax compounds and their use as a dt estimation marker

Plant wax which is found on the outer surface cdadca complex mixture of aliphatic lipid
compounds (Dove and Mayes, 2005; Charmley and D20@7; Dove, 2010). Abundance and
the composition of those wax layers differ withilamt parts and between plant species (Ding
and Long, 2010). It possesses diverse distinct @@ momponents like alkanes, long-chain fatty
acids and alcohols (Dove and Mayes, 1991). Becplas# species varies in the alkane, long
chain alcohol and long chain fatty acid profilesloéir wax compounds, all of those compounds
can logically be used for diet estimation. A sigraht benefit of utilizing the plant wax marker
method is that the diet estimation is in the samenals, in order that the resultant plant wax
concentrations in their consumed diet will be cllted and used as entries to estimate diet
intake (Mayes et al., 1986). This prevents the irequent to use oesophageal-fistulated animals
to get a sample of ‘consumed diet’ and this shdaddaken as a significant advantage of the
alkane method in terms of scientific, labour anthreh ethics points of view. Similarly, the low
invasiveness, accuracy and also the possibilitytaking into consideration diet-animal
interactions are also advantages (Bezabih et@l2)2
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Alkanes are the foremost used class of plant daticaompounds due to their less
complicated analysis compared to other classes pofugcular wax. They are saturated
hydrocarbons with major chain lengths ranging freembon numbers 21 to 37 and exist in the
wax layer of majority of plants (Dove and Mayes9@p Shorter chain length n-alkanes will be
noticed during the analysis of plant wax markers dme usually present in minor quantities.
More than 90% of n-alkanes have odd-numbers oforagioms, with the three carbon atoms

such as &y, G3; and Gz alkanes predominant in most forage species (Bestetl., 2006).

1.9. Use of plant cuticular wax to estimate diet composon

The species composition of the forage availablefaddoy grazing animals is an important
variable in studies of their nutritional statusamlwax components, particularly alkanes, have
been used as internal markers for diet estimatioteims of plant species and plant parts in
controlled experiments (Brosh et al.,, 2003; Vakemt al., 2003; Ferreira et al., 2005). The
utilization of n-alkanes as faecal markers to estardiet composition in field conditions has
provided a big advance and has been used sucdggsfubstimate the proportions of plant
species in the diet of grazing animals (Dove and/éda 1996; Bugalho et al., 2004). As the
different forage species vary within the alkanefifgs, the composition of a mixed pasture diet
can be obtained from the profiles of n-alkanesemes] in the diet and faeces (Dove and Mayes,
1996).

The botanical composition of the forage speciestunes was estimated by applying the
‘EatWhat’ software through the non-negative metlobdeast squares optimization (Dove and
Moore, 1995). The biggest drawbacks to this metredhe small number of n-alkanes available
within distinguishable dietary components in anemdingly complex diet (Bugalho et al., 2002).
The amount of n-alkanes in the diet should be gretitan or equal to the number of plant
species consumed. There are a limited amount oéreékle dietary components in an
exceedingly complex feed offered by animals, sipastures with multi-species have a limited
number of n-alkanes in sufficient amount to be uasdmarkers. According to Ferreira et al.

(2011) and Bezabih et al. (2011a), to overcome lim#ation utilization of other plant wax
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components such as LCOH and carbon stable isotajmesy with alkanes to extend the

discriminatory potential in diet estimation is pa@unt important.

Long chain alcohols of the plant wax components as® important diet composition
markers that provide distinct or additional infotiroa about plant species that was provided by
n-alkanes (Bugalho et al., 2004). According to Dawne Mayes (2005), LCOH and fatty acids
showed a promise for differentiating a large numbkiplants in the diet even though their
analysis needed extra steps. Long chain alcohelsrare prevalent than n-alkanes, but their
analysis is more complex than n-alkanes. Combiri@PH with n-alkanes is critical for
improving the accuracy of diet composition estimatbecause they are analyzed using the
identical protocol as alkanes, and they overcoradithitation of the number of possible dietary

components available to estimate plant speciesmiitie diet.

The proportions ot°C and*“C carbon atoms in plant tissues varies, offeringgportunity
to discriminate between the amount of tropical pgfants which typically consist of legumes,
forbs and browse, and tropica @ants which comprise forage grasses. Accordingages and
Dove (2000), there are little;@hotosynthetic pathway-based forage plants in teatpeareas,
and as a result, this approach is more applicabteopical areas. Stable isotopes are utilized as
tracers to evaluate the proportional contributioisiumerous sources to a mix (Phillips and
Gregg, 2003). Thé'*C for individual n-alkanes showed wide variation $ome forage species
at different locations (Bezabih et al., 2011b; Ereret al., 2014). Orthogonal procrustes rotation
(OPR) results suggested tHafC values of alkanes given distinct discriminatomformation

from that which was provided by other markers.

1.10. Use of n-alkanes to estimate feed intake and digéstity

The n-alkane marker approach utilizes the impleatent of the double n-alkane method
(use of internal and external marker) to estimatfintake of grazing animals (Mayes et al.,
1986; Dove and Mayes, 1991; Mayes et al., 1994;eDaovd Mayes, 2005), the digestibility of
forage mixes (Dove, 1992; Unal and Garnsworthy,9)@%d botanical composition (Hameleers

and Mayes, 1998) of the diet. This technique nexxidinuous dosing of a synthetic n-alkane
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until the faecal alkane concentration of the ingesalkane stabilizes, and then diet intake is
estimated using the ratio in faeces of dosed ehamcand an adjacent natural odd-chain n-
alkane. The saturated hydrocarbons were at ficsirnenended as digestibility markers (Mayes
and Lamb, 1984) in individual animals as the praiparof feed consumed which is excreted in
the faeces. The major constraint to obtaining pee@stimate of digestibility might be the

difficulty in gaining representative samples exaadbnsumed by grazing animals. In generall,
different validation experiments found that the loleun-alkane method is the most vigorous of
all methods for estimating diet intake in grazimgnaals (Mayes and Dove, 2000; Ferreira et al.,
2007a).

1.11. Challenges that may limit the estimation of diet composition and feed intake using

n-alkaline

An important limitation related to the appliancetioé n-alkanes approach is that the number
of plant species and parts which will be distinge within the feed. The possible number of
feed components that may be distinguished usintkanas is restricted to the quantity of n-
alkane markers obtained (Dove and Mayes, 1991pstlmne (Gs to Gs3). Those are n-alkanes
presented with greater concentration and loweryéinal error. The capacity of n-alkanes to
differentiate one species from the next decreasesh@ number of species in the pasture
increases (Mayes and Dove, 2000). In multi-spepéesture, where the number of plant species
and parts present is greater than the present edkddove and Mayes (2005) propose two
possible approaches to get precise herbage comgposstimates. To add the number of
'discriminators’ by combining the utilization of kaines with other plant wax markers, like
alkenes (Dove and Oliv'an, 1998), LCOH (Bugalhalgt2004; Ali et al., 2005) and long-chain
fatty acids (Ali et al., 2005), as well as to redube number of possible diet components by
grouping existing plant species into statisticalhdtional and taxonomic groups and treating
them as dietary components, in which they aredceaRecently, Bezabih et al. (2011a, 2011b)
effectively utilized thes*C of n-alkanes in individual n-alkanes to estimttie botanical
composition of various mixtures composed of fivasgr species existed in the Mid Rift Valley
grasslands of Ethiopia. The data from this authdicated thas'*C of n-alkanes combined with

alkane data reduced the errors between estimatethaasured botanical composition.
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Another major consideration of the limitation okahe as a diet composition marker is that
the technique used for dosing the even-chain atkaz@mmonly G, or Gss, must not alter the
diurnal pattern of faecal alkane proportion. Théidallty with markers is to gather faecal
samples that are representative of the daily tmigput and also that reflect the dietary n-alkane
proportions (Lippke, 2002). The faecal concentrafpooportion of dosed and diet alkanes may
be disturbed by the dosing times (Mayes and Do®60P Dove and Mayes (1991) argued that
the dosing regimen (one or two per day) could erilce the diurnal excretion pattern of the
dosed n-alkanes. On the other hand, Oliv'an ef2@l07a) observed that once or twice daily
dosing had no effect on the dosed n-alkane’s arpcrgattern Mayes et al(1986) and Sibbald
et al (2000) also observed a single dose was sufficahn and Stewart (2003) approved that,
when employing a xantham gum suspension as a canagrix, two doses per day schedule

could be implemented.

An important point in the analysis of a plant waarker is its recovery rate. In contrast to
the earlier thoughts, n-alkanes might not be fdkgectable within the gastrointestinal tract of
animals but are subjected to some changes (Oliada Silva, 2007). They are not totally
recovered in the faeces (Elwert et al., 2004). Adiog to Dove et al. (2002) faecal recovery was
in an exceedingly curvilinear fashion with chaindéh. The most reliable estimates of n-alkane
recovery need the employment of an isolated grdupoosed animals with known n-alkane
intake and those for which total faecal collectitvas’e been made. Previous research findings
obtained by Elwert et al. (2006) and Valiente et(2003) in sheep fed diets of various grains,
dried forages and straws, and by Brosh et al. (RbD8attle and goats, failed to find significant
differences within the faecal recoveries of the 'mealkanes used for feed estimation because of
huge variation between animal variations in recgpv@evertheless, experimenters with goats
(Ferreira et al., 2005) and sheep (Ferreira et2@0,7b) ate up feed consisting of mixtures of
herbaceous and woody species observed an impressitile herbage composition and its
digestibility on alkane faecal recoveries. This I[domake it important to understand the
particular alkane faecal recoveries to be usedényegrazing condition. When using’C values

of n-alkanes, faecal recovery correction is notangnt because the results are relative values
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(**c and 'C isotope ratios in relation to natural abundanae)l this can be the greatest
advantage of using°C values of alkanes (Bezabih et al., 2011a, 2011b).

Concentrations of n-alkanes in the feed affect dstmations. In the majority of forage
species, greater odd chain molecules,(Css, Css) account for the majority of n-alkanes that
exist within the plant’s cuticular wax (Piasentetral., 2000) and it seems that not all n-alkane
pairs are appropriate for intake estimation (Dowel Mayes, 1996). Multivariate statistical
techniques like discriminant analysis or PCA carubed to ascertain whether plant species can
be distinguished and which alkanes are best asedcvath the power to distinguish between
diet components (Piasentier et al., 2000). Theegfior selecting which alkanes to utilize, both
their effectiveness in discriminating among plaoimponents and their percentage of potential
analytical error have to be considered. Thg@; alkane pair has been implemented by many
workers (Mayes et al., 1986; Vulich et al., 1991vB and Mayes, 1996) and produced reliable
estimates, whereas Peiretti et al. (2006), and Komlski et al. (2001) selected{ICs, alkanes
because of the relative large quantity gf i€ the hay diet fed to horses. According to Bezadih
al. (2012), of three evaluated alkane pairsi/(G,, Cs3/Cs,and Gs/cse), feed intake, DMD and
OMD were predicted more precisely by using/Css compared to other pairs.

1.12. Summary and the need for future research

Natural pasture is the main source of animal feedhe highlands of Ethiopia and its
herbage yield and nutritional quality are generédly due to poor management and utilization.
Grazing animals influence plant species composiéiod pasture productivity, and change the
biomass distribution and biodiversity of the gragiands depending on the grazing pressure
exerted. There is a need to document detailedrrdbon about the effect of traditional grazing
land management practices on natural pasture guatitl productivity to design appropriate
management interventions so as to keep a favoubaldece in the botanical composition of the

available forage species.

Feed intake is a number one determinant of anied@bpnance and in animals controlled in

barns, feed intake can be measured by weighinquhatity of feed consumed and refused. It is
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difficult for free-ranging animals as it is almasot possible to be measured intake directly.
Different techniques available for estimating dietake, whether plant or animal have been
discussed in the literature. Among others, theafiggant wax components as diet composition,
feed intake and digestibility estimation markers heceived increasing acceptance as it is less-
invasive and allows diet composition estimationhaiit restricting free movement of animals.
This technology is less common under tropical coowliand the pattern of the cuticular wax
profile of plant species is also influenced by eonmental conditions and geographical
locations. There is a need to document specifarmétion for plant wax component profiles for
natural pasture with different vegetation compositin the central highlands of Ethiopia and

also to further validate the use of plant wax asrimal markers under tropical conditions.

1.13. Working hypothesis

HO: There is no significant difference in vegetatmmmposition, biomass yield and soil quality
between enclosure areas and free grazing landgeact

H1: There are significant differences in vegetattmmposition, biomass yield and soil quality
between enclosure area and free grazing land pescti

HO: There is no significant difference in chemicamposition and ruminal fermentation
characteristics for forage species collected fraditionally enclosed grazed pasture.

H1: There are siginificant differences in chemi@mposition and ruminal fermentation
characteristics for forage species collected fraditionally enclosed grazed pasture.

HO: There is no significant difference in plant wenarker profile in forage species due to
changes in geographical locations and environmeotaditions.

H1: There are significant differences in plant waarker profiles in forage species due to
changes in geographical locations and environmeotaditions.

HO: There is no significant difference in diet cagglion estimation by combining plant wax
markers or n-alkane alone.

H1: There are siginificant differences in diet camsipion estimation by combining plant wax
markers rather than using n-alkane alone.

HO: The plant wax procedure as internal markerss du# allow feed intake and digestibility

estimation to be estimated by 95% of the obsereacpositions.
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H1: The plant wax procedure as internal markemaallfeed intake and digestibility estimation
to be estimated by 95% of the observed compositions

1.14. List of studies conducted to accept or reject the arking hypotheses

o Changes in vegetation composition, aboveground &ssnand soil quality in response to
traditional grazing land management practices éncééntral highlands of Ethiopia.

o Nutritive value characterization of key forage spsdrom traditional enclosure area in
the central highlands of Ethiopia.

o Evaluation of n-alkanes, LCOH, and carbon stabdojse enrichments of n-alkanes as
diet composition markers for forage species.

o Estimation of feed intake and digestibility in Zetype Arsi steers fed natural pasture
using the n-alkane technique.
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CHAPTER TWO

Changes in vegetation composition, aboveground bicass and soil quality in response to

traditional grazing land management practices in tle central highlands of Ethiopia

Abstract

Despite shrinking pastureland in the central higt$aof Ethiopia, as a result of cropping, there
has been little detailed work to examine the effeut traditional grazing land management
practices on vegetation and soil attributes. Thidysaimed to quantify vegetation composition,
aboveground biomass vyield and soil quality as ilati@ns to enclosure and open access
management practices by using a sampling quadrdidit parameters. Aboveground biomass
yield for the grass species was 17.6 and 31.2%ehiglspectively, for the highland and mid-
highland agro-ecologies for enclosed areas compaitd open-access grazingndropogon
amethystinugimportant value index (IVI) = 86.9) arf@ennisetum thunberg{iVvl = 79.2), the
most dominant and highest density species founttheénenclosed areas, decreased in the open
access grazing land and were partially replacedermid-highland area by plant species that are
more resistant to continuous heavy grazing, kkeusine floccifolia(lVlI = 125.7). Herbaceous
species richness was better in open access grémidgthan the enclosed areas. Soil quality
parameters such as total nitrogen (TN), availablesphorous (AP), calcium (Ca), sodium (Na)
and cation exchange capacity (CEC) were signiflgdnigher in enclosed areas than open access
practice. In conclusion, enclosed areas performeftiebin most of the variables measured
parameters considered than open access grazing nemigement practices at both agro-

ecologies

Keywords: enclosure, herbaceous species, important value,imdized crop-livestock system

open access
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2.1. Introduction

The mixed crop-livestock production system of théhigpian highlands occupied
approximately by 90% of the human and 60% of tliesliock populations (Hurni et al., 2010).
In these production systems, livestock are depdnatea variety of feed resources that can vary
in both quantity and quality throughout the yearaZing is the predominant form of ruminant
feed in most parts of the extensive and smallholdeed crop-livestock systems of Ethiopia
(FAO, 2018). Fallow lands, permanent pasturelandsgd cropping season and croplands after

crop harvest are among the dominant grazing af&aac¢hew, 2002).

Grazing land resources are shrinking as a resultlegfradation as a consequence of
deforestation, agricultural land expansion andiooius heavy grazing (Mengistu et al., 2005).
The evidence available on the impact of grazingesys on the dynamics of natural vegetation
and soils is contradictory (Vetter and Bond, 201@jazers change landscape heterogeneity
(Belsky, 1992), rates of nutrient cycling (Frankagt 1998), and vegetation composition and
productivity (Eccard et al., 2000). Similarly, geag affect different grassland ecosystems,
including increases (Pucheta et al., 2004), deese@Sao et al., 2008) and no changes (Frank et
al., 1998) in root system biomass and below gronet primary productivity. Additionally,
others consider grazing as a positive process ithptoves plant production and survival
(Papanastasis, 2009), promotes biodiversity (O’©omt al., 2010) and improves soll fertility.
Light grazing increases aboveground biomass, canopgr and height of the species, but from
long-term experiences, moderate grazing would lgalahe biomass production of different

species and livestock production (Wei et al., 204dnter et al., 2021).

According to Feyisa (2013), pasturelands in thetraérnighland areas have significantly
reduced and are limited to areas, where conditmasadverse for cropping, partly as a result of
topographic, edaphic and climatic limitations. Gaogently, livestock are forced to concentrate
on very limited pastureland, which in turn resuttsreduced productivity in the long run and
makes the mixed crop-livestock system unsustain@dedese et al., 2002). According to the
same author, in the studied areas, livestock ptamuacwill decline if not ecosystems are

managed to feed people and protect wild speciagogdither. The massive deforestation and the
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resultant shortage of fuel wood resulted in the ofseung and agricultural residues as fuel,
which prevents nutrient recycling through manureoider to utilise the available grazing lands
in a sustainable manner, it appears important tduate the impacts of different traditional
grazing land management practices for implementkmgpwledge-based grazing land

management strategies.

Many studies have been done on the effect of ggaaiessure on plant and soil properties
of grasslands, but the majority of them have beethé pastoral rangelands. Relatively, little
research has been done to evaluate the effectfefatit grazing land management practices on
vegetation and soil attributes in the highland rdixeop-livestock system of Ethiopia (Taddese
et al.,, 2002; Habtemicael et al., 2014). The ab#&laevidence so far showed that better
vegetation and soil attributes are obtained in matdegrazing than continuous heavy grazing.
However, no study has been done using a phytosgigal data analysis method to quantify the
impact of traditional grazing land management pcast on vegetation and soil parameter
attributes in the central highlands of Ethiopiaclswanalysis is important to provide detailed
information on vegetation status and also to oiffisights on grazing land ecosystem function
and its restoration in general. Therefore, thiglgtwas undertaken to quantify compaosition in
vegetation structure, aboveground biomass vyield swmitl quality attributes in response to
traditional grazing land management practices érttixed crop-livestock system in the central

highlands of Ethiopia.

2.2. Materials and Methods

2.2.1. Study area

The study was conducted in the Kofele district loé tWest Arsi Zone of the Oromia
Regional State, Ethiopia, located at 7°R@o 7°07 N, 38°48 E to 38°49E for the highland and
7°00 N to 7°02 N, 38°48 E to 39°00E for the mid-highland (Figure 2.1). The Kofelstdit is
located at 305 km South of Addis Ababa. The agaegges of the district are highland (90%)
and mid-highland (10%) having loam soil in the hégld and sandy loam in mid-highland
(District Agricultural and Natural Resource ManagemOffice 2017, unpubl. data). The district
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is found within 2,200 to 3,200 masl and receivesaaerage rainfall of 1,800 mmi‘yand has
bimodal rainfall distribution with the short raitagiing from March to May and the main rainy
season extending from June to September/Octoberaérage temperature of the distric is 19.5
°C. The area is characterized as high potentiatfop-livestock farming and cattle (4.41 TLU)
and sheep (0.45 TLU) are the most predominantttegsspecies (Gizachew, 2002). The distric
have an averge crop land of 1.27 ha and farmetkerstudy area grow crops such as barely
(Hordeum vulgarg wheat Triticum aestivurpy maize Zea mayp and enset (Ensete
ventricosum as food crops, and potat8dlanum tuberosumhead cabbagé(assica oleracer

beetroot Beta vulgari$ and carrot@aucus carotaas cash crops (Hussein, 2017).
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Figure 2.1. Map of the study area, Kofele distigeintral highlands of Ethiopia

2.2.2. Traditional grazing land management history

The study area is historically (before 60 year)viam for livestock rearing, and cultivation
of crops is a relatively recent phenomenon. Theomland use includes farmlands and grazing
lands, which in turn consist of enclosed areasndurainy season, which is traditionally known
askeloand an openly grazed area (free grazing) througiheuyear. The enclosed areas refer to
a specific land unit that is protected from the\éioes of animals by using appropriate barriers
such as fencing and/or controlling the entrancthefanimals following the onset of short rainy
season. This particular type of grazing land isduee rotational stocking during the short and
main rainy seasons, a cut-and-carry system andrenaases is used as conserved standing hay
for use during the dry period. Open access gramfgys to an area of land that is exposed to
unregulated and year round grazing by a large nuwbmixed livestock species. It is free to all
communities if the areas are communal, but nowihed privately especially during the rainy
season. According to the information obtained frelder farmers in the study area, these
traditional grazing land management practices Hzeen evident for more than 30 years and

such areas were purposively selected for the custady.

2.2.3. Site selection and study design

Two traditional grazing land management practitessienclosure during wet season and the
adjacent open access grazing land, were systemhatsmlected based on the similarity in
landscape and soil to minimise variability in thactic determinants of grassland vegetation
composition and functioning. At both agro-ecologi&8 plots of 40 m x 40 m (five plots each
from enclosure and the adjacent open access am&) @stablished. All plots were enclosed
uniformly from the entrance of animals for five ntles from May 2018 to September 2018 for
data collection. For sample collection, sixteen®.% 0.5 m quadrats were nested per plot, set
10 m apart along the transects and 4 m from thehaaoder (Figure 2.2). In total, 320 quadrats

(two agro-ecologies i.e. highland and mid-highlanvo management systems x five plots x 16
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guadrats) were used to collect pasture specieslsam avoid any edge effects, the plots were

laid 50 m away from the boundaries of the enclosmethe adjacent open access, respectively.
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Figure 2.2. Sampling design and plot layout ofeélkperimental site used for herbaceous species

and soil sampling
2.2.4. Vegetation sampling and analysis

Vegetation sampling in the individual enclosure déimel adjacent open access grazing land
was done in September 2018 at the end of main re@agon at 50% flowering and easily
identified (Plate 2.1). Herbage biomass yield watednined by mowing the pasture at 5 cm
aboveground, using a sickle, from an area of 0.25uadrats and sorted by species and pooled
to obtain enough quantities of individual species determination of nutritive values. Fresh
biomass was immediately weighted by using a scakaow total biomass yield from a quadrats.
Forage species were identified using guidebooknilaro and Persson, 1974) on site. For those

difficult to identify at the field their local narsewere recorded and herbarium specimens were
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collected, pressed and dried properly (Plate 2y2u&ing a plant presser, and identified and
confirmed at the national herbarium, Addis Ababaiversity, Ethiopia. Individual forage
species in each quadrat were counted and weiglesth fio estimate total biomass yield and
converted to dry matter yield after dry matter deieation. Vegetation composition was
evaluated by analysing the frequency, density, daoce and important value index (IVI) by
using the following formulae given by Mishra (19@8)d Curtis and Mcintosh (1951):

Frequency = Total number of quadrats in which thexges occurreX 100
Total number ofguats studied

Relative Frequency = Frequency of a speXid®0
Freqay of all species

Density =_Total number of individuals of a species
Total number of quadratsistd

Relative density = Number of individuals of a sgse{ 100
Number of individuals of all species

Abundance = Total number of individuals of a spgcie
Total numbergpfadrats in which the species occurred

Relative Dominance of Herbaceous Species = Basalafra species X 100
Basal area of all the spec

IVI = Relative frequency + Relative density + Relatdominance

The distribution of species similarity between eseld area and open access grazing land
were computed by using the index of similarity whigas calculated by applying the formula
given by Jaccard (Zobel et al., 1987):

IS;= (C/A+B-C) x 100
Where IS = Jaccard’s Index of Similarity, C= the number pésies common to both grazing

management practices; A = the number of specieguantio enclosure area; B= the number of
species unigue to open access grazing area.
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From pooled forage species across plots, 20% ofeagmund biomass was taken and oven-
dried to a constant weight at 80 for 48 hours and used for dry matter determimat8pecies
richness was estimated by counting all speciesinvitie sample quadrats. Species diversity was
computed for each grazing land management pragsicey the Shannon—Wiener diversity index

(H’) (Shannon and Wiener, 1963):
S
H =— z PiIn Pi
i=1

Where s= number of species; pi = proportion of vitllials or abundance of thH& species

expressed as a proportion of total cover; andlbg=base n.

Equitability or species evenness was calculateagusie formula given by Pielou (1969):
Equitability (J) = H'/H'max

Where Hpax = Maximum possible diversi;tyl'= Shannon-Wiener diversity index.
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0.5m X 0.5 m guadrats 10 m transect between guadrats

Forage partitioned into individual species

Plate 2.1. Partial view of field data collections.
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Plate 2.2. Partial view of field forage speciesiifecations.

2.2.5. Soil sampling and analyses

Soil samples were collected from the centre of Gr@§uadrats after aboveground biomass
was removed using an auger at depths of 0 to 1@y 20, 20 to 30, 30 to 40 and 40 to 50 cm.
The soil samples at each plot were pooled to fone @admposite soil sample per sampling plot
yielding a total of 20 soil samples for each degptyo management practices x 10 sample plots)
to determine the cumulative effect of traditionahzing land management on soil attributes.

Samples were air dried and taken to the laboratpmyd and passed through a 0.5 mm and 2 mm
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mesh size sieve. Soil pH was determined using anpkér in 1:2.5 soil water:suspension ratios
(Lewis and Freitas, 1984). Electrical ConductifBC) was determined in a 1:2.5 soil water
suspension following the steps and procedures stemydy Chopra and Kanwar (1976). Total
nitrogen (TN) was determined using the Kjeldahl gedures suggested by Bremner and
Mulvaney (1982). Soil organic carbon (SOC) was ueteed following the method
recommended by Walkley and Black (1934). Soil organatter (SOM) was calculated by
multiplying the percentage of the organic carbonabjactor of 1.724 following the method
recommended by Brady and Weil (1999). The level aghilable phosphorus (AP) was
determined by using the methods and proceduresfispelosy Olsen et al. (1954). Calcium was
determined by atomic absorption spectrometry artdgsaum (K) and Na were determined by

flame photometry. Texture was determined usinghidrometer method (Bouyoucos, 1962).

2.2.6. Statistical analyses

The effect of traditional grazing management pcasti (enclosure area vs. open access
grazed) i.e. the independent variable, on herbacabaveground biomass yield and proportions
of different botanical composition, species frequerabundance, density, richness and evenness
and soil properties (dependent variables) wereyaadl using ANOVA (SAS 9.1) using the
General Linear Model Procedure (SAS, 2001). Twesatypling plots and 16 quadrats per plot
were used as replicates to assess the impactditidreal grazing land management practices on
aboveground biomass yield, and twenty samplingsplagre used as replicates for soil quality
parameter analyses. Tukey’'s HSD test yarl®.05 was employed for comparison of means. The
data were tested for homogeneity of variance uairf8hapiro—Wilk test and, where necessary,

transformed before analyses (Steel and Torrie, 1980

A principal component analysis (PCA) was used tplar the total variance of analysed
soil and/or vegetation characteristics across ¥ grazing land management practices. The
PCA axis correlation coefficient was used to expldie location of the vegetation and soll
attributes across the enclosure and open grazimg the analysis was done using the
Paleontological Statistics (PAST) software packegsion 4.02 (Hammer et al., 2001).
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2.3. Results
2.3.1. Vegetation biomass yield

Aboveground biomass yield (mean) for enclosed aweas higher [§<0.001) than open
access grazing in the mid-highland agro-ecologyl@2.1) with an increaments of 28.8%. The
proportion of grasses among the botanical groups 63 and 69.6% from highland and 92.9
and 83.7% from mid-highland for enclosed and opmsess areas respectively, and the highest
share among the botanical component groups. Meamegbound biomass yield for grasses
species from the enclosed areas was highe0.001) than open access grazing at both agro-
ecologies with an increments of 17.6 and 31.2%peetsvely, in the highland and mid-highland
agro-ecologies. Mean aboveground biomass yieldefgjumes and forbs in open access grazing
was higher§<0.001) than the enclosed areas at highland agriege

Table 2.1. Total aboveground herbaceous biomass giel proportions for botanical groups on

dry matter basis (t/ha) from enclosure and opeesgcazing practices (mean £ SEM).

Vegetation variables Agro ecology
Highland Mid-highland
Enclosure Open access Enclosure Open access
Total aboveground 3.26 £0.19 3.07+£0.16 6.62 + 036 4.71 + 0.4%
biomass

Herbaceous components

Grasses 2.61+020 2.15+0.28 6.18 +0.38 4.25+0.47

Legumes 0.12+0.64 0.42+0.12 0.27+0.04 0.28+0.06
Sedges 0.23+0.05 0.14 +0.03 0.17+0.03 0.18320
Forbs 0.39+0.04 0.56 +0.07 0.17+0.03  0.21+0.03

&b Different superscripts within the row for each agcology show significant difference
(P<0.05). SEM = standard error of mean.

2.3.2. Herbaceous species composition
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In the highland agro-ecology, a total of 29 herloaisespecies were recorded of which 22
and 27 herbaceous species were recorded for tHeseane and open access grazing areas,
respectively (Table 2.2). From identified herbacespeciesAndropogon amethystinysvl =
86.9) was the most dominant, and the highest depsitennial grassPennisetum thunbergii
(IVI = 79.2) andCentella asiatica(lVI = 35.8) were the codominant forage speciesha
enclosed areas. In the open access grazing RBesmjisetum thunberg{iVl = 100.6) was the
most dominant with the highest density ambropogon amethystingd/I = 44.2) andCentella
asiatica (IVI = 36.5) were the codominant herbaceous spged®ur grass specie€ynodon
dactylon, Pennisetum humil®ennisetum sphacelatuand Sporobolus pyramidaljsand two
forbs Cerastium octandrunand Crepis schultz)i that were recorded in open access grazing
were absent in the enclosed areBennisetum thunbergiand Andropogon amethystinus
Cyperus rigidifolius and Centella asiaticaand Uebelinia abyssinicavere the most frequently
occurring species among others.

Table 2.2. Frequency (%), abundance and densi®s (@ quadrats) and important value index
(IVI) of forage species collected from the enclesand open access grazing practices in the
highland agro-ecology.

Species scientific nar Frequenc Abundanc Density AlF W

E @) E @) E @) E @) E @)
Grasse:
Andropogon amethystin ~ 81.2 60.2 798.C 305.¢ 648.« 184.¢ 9. 51 86.6 44.C
Brachiaria scalaris 21 21 66.( 10.C 1.4 0.z 317 4.k 0.4 0.4
Cynodon dactylol 0.C 43 0.C 71.€ 0.C 31.: 0.C 1€ 0.C 11.¢
Eragrostis botryode 21 8.& 11.C 55.¢ 0.2 4€ 53 6.7 0.7 1.7
Eragrostis tenuifolie 6.2 10.Z 14.: 36.2 0.¢ 3.& 23 3E 1.C 2.1
Helictotrichon elongatur  25.C 10.Z  36.% 93.2 9.1 97 1t 8¢ 0.t 3.¢
Ischaemum afrur 21 125 24« 88.2 0.t 11.C 118 7.1 0.4 5.¢
Pennisetum humi 0.C 12t 0.C 34.7 0.C 43 0C 2¢ 0.C 3.1
Pennisetum sphacelatt 0.C 12t 0.C 54.C 0.C 6.6 0.C 4.: 0.C 4.7
Pennisetum thunber: 95.6 97.¢ 471.C 4011 451« 3927 4¢ 41 79.2  100.¢

Sporobolus pyramidal 0.C 4.z 0.C 40.t 0.C 1.7 0C 9.7 0.C 1.5¢

Legumes
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Trifolium cryptopodiun 16.7 8. 53.t 79.¢ 8.¢ 6.6 3.2 9. 3.2 2.C

Trifolium mattirolianum 12.£ 12t 69.2 87.7 8.€ 11.¢ 5t 7.C 4.4 2.¢€
Trifolium simens: 4.z 18.6 128.C 141.( 5.2 26.« 30.7 7.t 7.1 5.€
Trifolium tembens 20.¢ 50.C 50.¢ 59.2 10.e 29.¢ 24 1.z 4.1 12.7
Sedges

Cyperus rigidifolius 81.. 50.C 74.5 40.7 60.t 20.c 0.6 0.t 18.¢ 12.5
Cyperus rubicundu 0C 4z 0.C 2C 0.C 0.6 0.C 4¢ 0.C 0.7
Cyperus papyrt 6.2 6.2 178.C 24.C 11.1 1.t 28t 3¢ 1.8 14
Scleria hispidule 378 4.z 71.C 108.C 26.t 45 1¢ 25¢ 7€ 1.2
Scleria schimperian 20.¢ 0.C 190.i 0.C 39.7 0.C 9.2z o0cC 6.4 0.€
Forbs

Alchemilla pedat: 4.z 18.t 62.( 50.¢ 2.€ 9.t 14¢ 2.7 0.8 3.¢
Centella asiatice 93.6 75.C 314.7 259.¢ 295.( 195( 34 3t 35& 36t
Cerastium octandrur 0.C 4.z 0.C 10.C 0.C 04 0C 24 0.C 1.1
Crepis schultz 0.C 25 0.C 49.2 0.C 122 0.C 2C 0.1 5.¢
Cyanotis barbat: 4z 0.C 29.C 0.C 1.2 0.C 7. ocC 0.€ 0.C
Haplocarpha hastate 47.¢ 22¢ 19.C 11.¢ 9.1 27 04 0t 8.t 5.8
Oldenlandia monanthc 12.t 14 104t 23.7 13.1 3t 84 1€ 3.2 2.7
Satureja paradox 4.z 6.2 27.C 20.7 1.1 1.2 6. 3.:c 0.€ 1.1
Uebelinia abyssinic 85.2 89.6 55. 48.C 47.C 43.C 0.6 0L 221 23

A/F = abundance to frequency ratio; E = enclos@es open access; VI = important value

index

In the mid-highland agro-ecology, a total of 26d@eous species were recorded, of which
19 and 22 herbaceous species were recorded fanitlesure and open access grazing areas,
respectively (Table 2.3). Among the identified spedrom enclosed aredsleusine floccifolia
(IVI = 119.5) was the most dominant abundant sgewréh the highest density followed by
Andropogon amethystinuglVl = 67.3), Trifolium tembense(lVI = 23.8), Sporobolus
pyramidalis(IVI = 19.5) andCyperus rigidifoliug1VI = 16.7) as codominant species. Similarly,
in open access grazing areBkeusinefloccifolia (IVI = 125.7) was the most dominant abundant
species with the highest density with codominaetss, such a&ndropogon amethystingb/I
= 29.6), Pennisetumthunbergii (IVI = 25.7), Cyperus rigidifolius(IVI = 18), Sporobolus

pyramidalis(IVI = 15.6) andCerastium octandruniiVl = 15). Two annual legumed (ifolium
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mattirolianumand Trifolium rueppellianum@and three annual sedgé3yperuspapyrus Scleria

hispidulg andScleria schimperianahat were recorded in open access grazing weraafrsen

enclosed areas. Three perennial forbs present atosad areasAgrocharis melanantha

Alchemilla pedataandCentellaasiaticg were not recorded in open access grazing areas.

Table 2.3. Frequency (%), abundance, density (12%uadrats) and important value index

(IVI) for forage species collected from the enclesand open access grazing practices in the

mid-highland agro-ecology.

Species scientific nar Frequenc Abundanc Density AlF VI

E @) E @) E O E @) E @)
Grasse:!
Andropogon amethystin -~ 52.1 47.¢ 425.7 146.1 221.7 70.C 8.2 3. 67.2 29.¢
Cynodon dactylol 102 4.2 8.€ 15.t 0.¢ 0.€ 0.€ 3.7 2.2 0.¢
Eleusine floccifolie 97.¢ 66.7 224.¢ 304.t 220.z 203z 2.2 4.€ 119.5F 125.5
Eragrostis botryode 0.C 8. 0.C 2145 0.C 17.¢ 0.C 257 0.C 6.C
Pennisetum humi 104 42 17/ 2.t 1.6 0.1 1.7 0.€ 2.k 0.€
Pennisetum thunbert 4.z 417 475  156.] 2.C 65.8 11.4 3.6 14 25.7
Poa leptoclad: 39.¢ 25.C ©61.c 30.¢ 24.L 7.7 1.€ 1.2 13.1 7.2
Snowdenia polystach 4z 0.C 42t 0.C 1.6 0.C 10z 0.C 1.4 0.C
Sporobolus pyramidal 50 31.. 59.t 57.1 29.t 17.¢ 1.2 1.6 19t 15.¢
Legumes
Trifolium cryptopodiun 20.¢ 22.¢ 25:% 2.t 5.2 12.C 1.2 2.2 5.1 7.€
Trifolium mattirolianum 0.C 8. 0.C 60.5 0.C 5.C 0.C 7.3 0.C 3.2
Trifolium rueppellianun 0.C 12t 0.C 27.¢ 0.C 3.t 0.C 2.2 0.C 4.C
Trifolium simens: 14.¢ 2 74.¢ 70.C  10.€ 4.4 51 11z 4.7 2.t
Trifolium tembens 64.6 31.. 78.¢ 56.z 50.t 17.¢ 1.2 1.6 23.¢& 10z
Sedges
Cyperus rigidifolius 62.5 62.5 30.£ 33.2 19 20.¢ 0.t 0.t 16.7 18
Cyperus papyrt 0.Cc 12t o.C 8.t 0.C 1.1 0.C 0.7 0.C 2.7
Scleria hispidule 0.C 4.2 0.C 44 0.C 1.6 0.C 10 0.C 2
Scleria schimperian 0.C 22¢ 0C 51.¢ 0.C 11.¢€ 0.C 2 0.C 7.1
Forbs
Agrocharis melananth 14.€¢ 0.C 12 0.C 1.€ 0.C 0.€ 0.C 3.2 0.C
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Alchemilla pedat: 8.5 0.C 23« 0.C 1.¢ 0.C 2.8 0.C 2.C 0.C
Centella asiatice 4z 0.C 2.C 0.C 0.1 0.C 0.t 0.C 0.€ 0.C
Cerastium octandrur 16.7 54.z 12.¢ 27.2 2.1 14.¢ 0.€ 0.t 3.7 15
Cyanotis barbat: 0.C 22¢ o.cC 16.1 0.C 3.7 0.C 0.7 0.C 6.1
Haplocarpha hastate 102 6.2 24 43.C 2.t 2.7 2.3 6.¢ 2.t 1.6
Satureja paradox 25.C 6.2 46.t 16.C 11.¢ 1.C 1.¢ 2.€ 7.4 1.4
Uebelinia abyssinic 12t 271 17t 25.¢ 2.2 7.C 1.4 1.C 3.1 7.4

A/F = abundance to frequency ratio; E = enclosOreppen access; IVI=important value index

2.3.3. Species richness, diversity and similantjeixes

Herbaceous species richness was higher in opessagcazing areas than the enclosed areas
for both agro-ecologies. Although the herbaceolecisg evenness and the Shannon-Wiener
diversity index was similar between the grazing agment practices in the highland agro-
ecology, the values were slightly higher in opeoeas grazing than enclosed areas in the mid-
highland agro-ecology. The overlaps of herbacepesiss across the two grazing management
practices were similar for both agro-ecologiesjrascated by the Jaccard Index of Similarity
(Table 2.4).

Table 2.4. Herbaceous species richness, evennesssity and similarity indexes across the two

traditional grazing land management practices encéntral highlands of Ethiopia.

Index Agro ecology
Highland Mid-highland

Enclosure  Open access Enclosure  Open access
Species richness 22 27 19 22
Species evenness 0.54 0.52 0.54 0.67
Shannon diversity index (H) 1.68 1.71 1.59 2.07
Maximum possible diversity (Hmax) 3.09 3.29 2.94 .08
Jaccard’s Index of Similarity (b 68.9 57.7

2.3.4. Soll physico-chemical properties
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The mean soil physico-chemical properties under tiwe traditional grazing land
management practices are presented in Table 2.thelrhighland agro-ecology, soil TN and
cation exchange capacity (CEC) were highesO(05) for enclosed areas than open access
grazing areas. Similarly, from the mid-highlandagcology, available P, CEC, Ca and K were

greater §p<0.05) for enclosed areas than open access graziag.

Table 2.5. Soil physico-chemical properties (meaSEM, 0-20 cm depth) for enclosure and

open access grazing land management practices

Parameters Highland Mid-highland
Enclosure Open access Enclosure Open access

pH 54+0.2 5.3+0.2 5.8+0.18 5.9+0.04

EC (ds/m) 0.012 + 0.009 0.001 + 0.0001 0.008000. 0.009 +0.006

SOC (%) 95+1.9 76+1.1 56+1.0 59+1.2

SOM (%) 16.4+3.2 13.1+1.9 9.7+1.8 10.3+2.1

AP (mg/kg) 9.6 +1.3 11.3+3.5 20D 1P 10.0+ 3.2

TN (%) 0.51+ 0.09 0.42+ 0.09 0.35+0.04 0.35+0.04

CEC (Cmol(+)/Kg) 34.%2.¢ 28.7+ 1.1° 27.2+ 1.7 20.2+ 1.7

Ca (Cmol/kg) 44.0+6.5 36.9+6.2 44433.6° 36.2+ 4.3

K (Cmol/kg) 94+1.1 10.3+1.0 12440.7 9.9+1.2

Na (Cmok/kg) 216+1.1 21.5+1.0 21.6+0.1 21.2+0.4

Texture

Sand (%) 39.8+2.9 455+4.4 50.3+4.3 493BH

Silt (%) 21.2+22 21.5+29 23.3+4.6 23232

Clay (%) 39.0+2.2 33.0+£3.6 26.3+1.7 27.832

2 b pifferent letters within each row indicate signiit difference for the two grazing land

management practices (p<0.05) for each agro-ecology

2.3.5. Principal component analyses

The PCA correlation variance of aboveground biomgssd, species richness, species

evenness and the Shannon—Wiener diversity indagatet! clear separation (Figure 2.3a) with
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principal component 1 accounting for 50.21% (eigdne = 2.00) and principal component 2
accounting for 45.54% (eigenvalue = 1.82) of thaltexplained variance in relation to the open
grazing and enclosures areas. Similarly, PCA of gaiameter characteristics showed distinct
separation (Figure 2.3b) between the open grazidgeaclosed areas with principal component
1 accounting for 44.33% (eigenvalue = 5.76), ppaticomponent 2 accounting for 20.18%

(eigenvalue = 2.62) and principal component 3 acting for 12.83 (eigenvalue = 1.66).
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Figure 2.3. Average principal component analysigetation (% variance) diagram, based on
vegetation and soil parameter attributes from lgtiland mid-highland agro-ecologies.
Enclosure area = filled plus shape; open access ardot shape; (a) vegetation attributes:
ABY=aboveground biomass yield; SR=species richn8&s;species evenness; H' = Shannon
diversity index and (b) soil parameter attributes

2.4. Discussion

2.4.1. Vegetation biomass yield
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The lower aboveground biomass yield in the grassisp in an open access grazing land in
the current study showed the consequences of @azngy, as a result of year round stocking,
which is the principal driving forces for land dadation if open access grazing practice is
continuous. Many previous findings (Gebremedhimalgt2017; Mekuria et al., 2018; Tiscornia
et al., 2019) observed that overgrazing (humandaduprocesses) was huge driving force for
land degradation, which is the direct effect ofdarse change. The result from the mid-highland
agro-ecology agrees with the findings of Tadesseal.e(2002), Yayneshet et al. (2009a) and
Habtemicael et al. (2014) who found higher abovegdobiomass vyield in the enclosed areas,
compared with free grazing in the highland mixedpelivestock farming system of Ethiopia,
mainly as a result of reduced grazing disturbangdiestock. Similarly, Gebregergs et al.
(2019) observed greater aboveground biomass yietd tut-and-carry than open grazing lands
in semi-arid areas of the Tselemti district in ti@th-western Tigray region of Ethiopia. The
higher aboveground biomass yield recorded forTitiielium species in open access compared to
enclosed areas at the highland agro-ecology inpteeent study might be associated to the
stimulatory effect of grazing on the growth of galae leguminous plant species, as observed by
Taddese et al. (2002) who found more of this specie@an area where there is livestock grazing
rather than non-grazing practices. The higher ptapo of forbs species recorded in freely
grazed areas compared to seasonally grazed are¢he mghland agro-ecology in the current
study was in agreement with Bilotta et al. (20@v)o observed that heavily grazed areas were
dominated by annual forbs and weedy species. Sigilkhe finging of Holechek et al. (2005)

explained that overgrazing allows the invasionrofual forbs and grasses.

2.4.2. Herbaceous species composition across

Analysis of IVI in the two traditional grazing lanthanagement practices in the present
study represented different combinations of spewids different dominants and codominants.
The higher domination with highest IVI for few spescin enclosed areas at both agro-ecologies
in the current study agrees with Hailu (2017), vehowed that variation of herb distribution in
the enclosed areas may be attributed to the surangreproduction of maximum species, as a
result of moderate level of species competitiorirdpearly regeneration. This has resulted in the

domination of only a few species in his study demehe Harishin Rangelands of Eastern
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Ethiopia. Similarly, Grime (1973) noted that with @crease in environmental stress, the species
adapted to low levels of environmental stress kbg@r competitive advantage, whereas those

that are more resistant to environmental stressncaaase in abundance.

Andropogon amethystinu)e most desirable and dominant perennial grassespe the
enclosed areas in the highland agro-ecology dethmeen open access grazing was practiced.
This might be as a result of the inability of thgesies to tolerate heavy grazing than in other
climatic conditions. The dominance &leusine floccifolia a perennial grass species with a
tough branching rhizome, in both grazing practicethe mid-highland agro-ecology might be as
a result of longer dry season period compared With highland agro-ecology where both
grazing areas were grazed freely for a longer geuitil the onset of short rainy season, when
the enclosed areas were protected from the entr@inttee animals. The higher proportions of
annualTrifolium species recorded in open access grazing compasstthosed areas in the mid-
highland agro-ecology for this study agrees with finding of Taddese et al. (2002) who
recordedTrifolium species only in grazed plots, compared with n@zeg plots in mixed crop-
livestock system in the western highlands of Etl@ofhis indicates that livestock grazing is
more advantageous in the growth of palatable legaus plant species, compared with non-
grazed plots. Similarly, the absence of the majaftannual sedge species in the enclosed areas
in the current study in the mid-highland agro-eggleshowed the dominance of annual species in
open access grazing than in enclosed areas, whidirras the previous finding (Bilotta et al.,
2007). However, many of the annual plants promditgdceavy grazing have low production
potential because of their small size and shortvgrg cycle (Woldu and Mohamed Saleem,
2000). Nevertheless, grazing can severely altersfiecies composition of grazing systems
overtime (Milchunas and Lauenroth, 1993). The presef longer time overgrazing over many
years (Bard et al., 2000) in the mixed crop-livekteystem of northern Ethiopia has altered the
species composition of the grazing lands in wawgs gineatly differed from the seasonal grazing

and the cut-and-carry regimes.

2.4.3. Species richness, diversity and similantexes
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Greater herbaceous species richness was observét iourrent study for open access
grazing areas compared to enclosed areas at botheeglogies, where a slightly higher
Shannon—Wiener diversity index, maximum possibleediity and species evenness were
recorded for open access grazing land practicasi@thighland agro-ecology. This finding
agrees with the finding of Pokharel et al. (20@v)o observed higher species richness in open
plots in two seasons compared to controlled platghieir study done in Trans-Himalayan
Rangeland. Similarly, the findings of the presdntlg are in agreement with the generalization
made by Sternberg et al. (2000), who reporteddbatinuous grazing increased species richness
but was reduced by heavy grazing. Many previoudissu(Mwendera et al., 1997; Taddese et
al., 2002; Tessema et al., 2011) reported that bgimoderate grazing increases species richness
when, compared with non-grazing and heavy graziagtjge. The overlap in enclosed areas and
open access grazing land was uniform at both agptegies, as measured by the Jaccard Index

of Similarity, which indicates that the two graziregimes share many of the same species.

2.4.4. Soll physico-chemical properties

The higher soil TN found in this study in the higidl agro-ecology for enclosed areas
compared to the open access area, agrees withntdiedgf of Habtemicael et al. (2014) who
reported the highest soil TN in areas under cut@rdy or seasonal grazing management
practices than continuous stocking in eastern ofriggrai, northern Ethiopia. Similarly, Jeddi
and Chaieb (2010) obtained greater TN in a 12-gsatosure study compared to continuous
grazing from their study done in degraded arid mmments of South Tunisia. According to
Augustine (2003), urine and faeces depositionsease soil N and P in many grazed systems,
but this was not observed in the current studyafeas under open access grazing management
practices where livestock freely graze on a yeandobasis. The possible explanation might be
collection of dung by children for fuel, which wascase reported earlier in the mixed crop-
livestock system in the highland areas by Taddessé (2002). Cation exchange capacity was
greater in enclosed areas than in open access, amdghis might be as a result of higher

concentration of SOC in enclosed areas than in apeess grazing (Table 2.5).
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The reduction in soil available P, CEC, Ca and Khi& open access grazing land could be
the results of heavy grazing year-round and hagersequence on pasture productivity. The
higher soil available P observed for enclosed ateagpared to the open access grazing area in
the mid-highland agro-ecology in the present stutig, not agree with the findings of the
previous studies (Jeddi and Chaieb, 2010; Teagw.,e2011; Habtemicael et al., 2014) that
showed insignificant difference in available P hesea of different grazing land management
practices. The current results in soil Ca and Kceotration were in line with Jeddi and Chaieb
(2010) who showed greater soil Ca and K in exclesareas than for free grazing. Similar
findings were observed by Hailu (2017) who repottégher soil available K in enclosed areas
than for open access grazing land management ggadil able 5). Soil organic carbon and SOM
were not significant (p>0.05), as a result of gngziand management practices at both agro-
ecologies. This disagrees with the earlier remgbrted by Hailu (2017) who found higher SOC
and SOM for enclosed areas than open access grazing

2.5. Conclusion

The results from the present study showed thatosnot and open access grazing land
management practices differentially affected thaleated parameters. Aboveground biomass
yield decreased from open access grazing area asnsequence of overgrazing due to
continuous uncontrolled stocking. The abundance dersity of some palatable and dominant
perennial grass species in the enclosed areasadedrén open access grazing land because of
the inability of the species to tolerate continustecking. On the other side, herbaceous species
richness was higher in open access grazing lamdtiieaenclosed areas. The stress of continuous
stocking in an open access grazing land also desdesoil quality parameters, such as TN, AP,
Ca, Na and CEC, which in turn affected grazing lgnaductivity. It can be concluded that
enclosures have a positive effect in increasingigealand productivity and maintain soil
fertility. Therefore, within the declined graziranld as a result of different driving forces, mainly
human population coupled with expansions of culéddand, implementation of enclosure area
practices play an important role in increasing fems$ource availability, environmental

sustainability and productivity of the farming sstin the study area.
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CHAPTER THREE

Nutritive value characterization of key forage speies from traditional enclosure area in the
central highlands of Ethiopia

Abstract

This study was conducted with the aim to charamtekey forage species from traditional
enclosure area in the central highlands of Ethiapiterms of their chemical composition and
ruminal fermentation production. By using quadraamples of 19 key forage species were
collected at 50% flowering. Results showed sigaificvariations in crude protein (CP) and fibre
contents, gas and methane (Hroduction among the evaluated species. Multaaranalysis
was conducted to investigate the relationship betwbe key forage species and nutritive values
of the traits. Principal component (PC) analysisvedd that the first three PC (PC1 to PC3)
explained 84.2% of the total variation in the databhe first PC (PC1), which explained 54.7%
of the total variation was positively correlatediwCP and total gas production at 24 h, whereas
negative correlation was observed for the fibreteots and CH production. The second PC
(PC2), which explained 17.9% of the total variatwwas positively correlated with ADF and
negatively associated with the digestibility of feed. The key forage species clustered based on
their chemical composition and vitro fermentable parameters into five main groupsntella
asiaticaforb was superior in gas production at 24 h, fawl gas production rate (c) and EGP
and lower in NDF and CHproduction and separated from the others in alustalysis. Forage
legumes were clustered close to each other andohadverage higher CP content, higher
fractional rate of fermentation (c) and EGP proauctompared to forage grass species. Forage
grasses exceiragrostis tenuifoliawere characterized by higher €production compared to
forage legumes, sedges and forbs in cluster asalydierefore, appropriate management
practices that maintains balanced proportions dbseuch a€entella asiatcaforage legumes
(such asTrifolium rueppellianumin group Ill) and forage grasses (suchEaagrostis tenuifolia

in group Il andPoa leptocladan group 1V) may result in improved ruminal fermation of the
available diet while reducing methane emissiongyinants fed on native pasture. Further

studies should be conducted Gentella asiaticaforb regarding its yield, anti-nutritional and
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actual feeding values to ruminant animals in otdeutilize widely as a possible forage crop in
the feeding system of ruminant animals in the @ttighlands of Ethiopia.

Keywords. chemical composition; crop-livestock; evaluatiofermentation; multivariate

technique.

46
© University of Pretoria



UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

(0%@‘:@

3.1. Introduction

Livestock production plays a crucial share in thbermmy of Ethiopia (Duressa et al., 2014).
Despite high livestock population, the presentdteek contribution is less than its potential that
may affect sustainability of crop-livestock prodoat systems due to complex and inter-related
factors like feed shortage and disease (Selamawait,e2017). Feed shortage is more severe in
the highlands of the country where greater than #5%uman as well as livestock populations
are concentrated (CSA, 2013b). In the mixed crogsliock farming system, the feed
requirement for livestock is mainly derived fromtural pasture, crop residues and stubble
grazing (Tolera, 2009; Duressa et al., 2014; Sehdtred al., 2017). Feed resources derived from
natural pastures has declined in the highlandsusecaf shrinking pastureland due to the
expansion of cropping, reduced quantity and qualitpasture associated with over utilization
and land degradation (Melaku et al., 2010). Theeasing pressure on available pasture lands
and newly emerging climatic phenomena is affecthmg botanical composition, biomass vyield
and nutritive value of pastures (Kitaba and Ta@@05; Denekew et al., 2005; Tessema et al.,
2010). This in turn affects animal production amgroduction performances and hence the
livelihoods of smallholder farmers (Melaku et &010). Therefore, it is necessary to understand
the full life natural pastures are going throughdxploring the changes in terms of botanical
composition and nutritive value parameters. Sudbrimation could be important to devise
appropriate grazing land management practices amedtdck feeding systems which help to

manage the ecosystem to feed people while protgbtodiversity simultaneously.

It is well know that some of the nutrients suchpastein content of forage species is low
during the dry season, leading to a prolonged pgsraf under-nutrition of livestock reared under
dry season (Yayneshet et al., 2009b). Even thowgural pasture is the first most important
source of feed for livestock in the highland andi+aititude agro-ecologies (Alemu et al., 2019),
with the exception of some improved forages (Kebetdal., 2016b) and fodder trees (Assefa et
al., 2015), there is little information on its netit content andn vitro ruminal fermentation
parameters for the different species that descripesidentifies native pasture from the central
highland of Ethiopia. Research conducted in thélaigd areas so far were focused on majorly

feed resourcs characterization works and deterromat chemical composition based on a few
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proximate parameters such as DM, CP and fibre otst& key species (Geremew et al., 2017,
Husein, 2017). This existing knowledge pool doespresent enough information to determine
the true nutritive values and information that céengents the indigenous knowledge of farmers
by scientific data. To assess the nutritive valufoage at minimum cost, there are a number of
in vitro techniques present so far (Giger-Reverdin et &022 According to Abdalla et al.
(2012),in vitro gas production can be used as a quick evaluatiointdoevaluate nutritional
guality of forages and it also helps to better gifydamutrient use, and its accuracy in describing
digestibility in animals has been validated in savexperiments (Getachew et al., 2004). In
addition, many driving forces such as human pomragrowth and climatic change that alter
the biophysical settings of the available grazemyks in the highland area resulted in loss of soll
fertility and thus land degradation which neces$sdahe need for regular monitoring of pasture
composition, productivity and quality.

Therefore, the objectives of this study were (icharacterize chemical composition and
vitro ruminal fermentation parameters of the key foragecis, (i) to determine the
relationships between chemical compositionsiandtro ruminal fermentation parameters of the
key forage species and (iii) investigate the refethip between the key forage species and
nutritive values of the traits using multivariateadysis. Such information assists to develop

appropriate grazing land management practiceseadirfg systems.

3.2. Materials and Methods

3.2.1. Experimental site

Forage collection was conducted in Kofele distattest Arsi Zone of Oromia Regional
State, Ethiopia and located &@0@' to 707’ N and 3848’ to 3900’ E. The district is located
with a altitude within 2200 to 3200 masl| and reesian average rainfall of 1800 mm per annum
and has an average temperature of 8.9t has a bi-modal rainfall distribution with sheains
starting from March to May and the main rainy seasextending from June to
September/October. The area is characterized d4s gotential for crop-livestock farming in

which cattle and sheep are the most predominaggtidek species (Hussein, 2017).
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3.2.2. Forage collection and processing

Forage sample collection was conducted as deschipatiegi et al. (2020). Briefly, a total
of 20 plots of 40 m x 40 m were established onyradtand (locally described akeélo) in the
highland and mid-highland agro-ecologies. The pastand was enclosed for five months from
May 2018 to September 2018. Sixteen quadrats (x50b m) were randomly laid per plot for
forage sample collection. Forage samples withirh ep@adrat were harvested at 50% flowering
by mowing the pasture at 5 cm aboveground fromatlea of 0.25 fmquadrats. The harvested
pasture was sorted by species and pooled to obtaingh quantities of the individual species in
the sampling area for analysis. Sample collectias done purposely to coincide with period of
utilization of the enclosure are&e{o) by farmers as per the information collected frelder
farmers in the study area. A total of 34 speciesevigentified in the process out of which 19
were selected for the present study based onrdghrin frequency, dominance, abundance, VI
and elder farmers’ judgments as reported by Wegil.e2020). Samples of composite forage
species were taken and oven-dried to a constaghivat 60°C for 48 hours and then ground in

a Willey mill to pass through a 1 mm sieve for clieahcomposition analysis.
3.2.3. Chemical analysis

All analyses were done in triplicate and analysis DM, ash and N contents were done
according to AOAC (2006). Nitrogen content was daiteed by using a standard Kjeldahl
method and CP was calculated as N x 6.25. Neugtdrgent fibre content was determined
according to method of Van Soest et al. (1991),redee ADF and acid detergent lignin (ADL)
contents were determined according to the methodanf Soest and Robertson (1983)eat
stable amylase was not added to NDF, and both NiRFADF were expressed inclusive of
residual ash. Organic matter digestibility (OMD)Yavetabolizable energy (ME) content of the

experimental feeds were estimated using the equafiMenke and Steingass (1988).

3.2.4.In vitro ruminal fermentation parameters
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The in vitro gas production was determined according to Menlek $teingass (1988). Three
rumen-cannulated male sheep were used as rumenlunocdonors and rumen fluid was
collected from the sheep prior to morning feedim¢pi a thermos flask that had been pre-warmed
to a temperature of 39 °C and pooled and filteredugh cheese cloth. Oven dried and ground
forage samples (200 mg) were accurately weighedcanefully dropped in to 100 ml glass
syringes. Syringes were filled with 30 ml of medigonsisting of 10 ml of rumen fluid and 20
ml of buffer solution, and two blanks containing B0 of medium (inoculums and buffer) only
were incubated at the same time. The syringe wagsethand pushed upward by the piston in
order to eliminate air in the inoculum. The silictube in the syringe was then tightened by a
metal clip so as to prevent escape of gas. Thagasiwere placed in a rotor inside the incubator
at 39 °C (Plate 3.1), and the samples were incdbatee in a triplicate, since the data were
meant to be used for multivariate analysiélaboratory handling of rumen fluid was carriedt
under a continuous flow of GOThe volume of a gas produced was recorded at 3,824, 48,

72 and 96 h and the average of the volume of gaduped by the blank against each incubation

time were deducted from the recorded values froch sample of incubated bottles.

A parallel experiment was conducted at the same fon methane measurement, as it was
not possible to measure gas production thereatterta the addition of sodium hydroxide to the
incubated materials. At the end of the 48 h indoibgperiod and recording the final gas volume
in the syringe, 4 ml of (10 M) sodium hydroxide weroduced from the latter into the
incubated contents, thereby avoiding gas escapiu@ohydroxide was added to absorb CO
that was produced during the process of fermemtadiod the remaining volume of gas was
recorded as methane (Fievez et al., 2005). Theaggerolume of gas produced from the blanks
was deducted. Thm vitro ruminal gas production work was carried out at AaliReed and
Nutrition laboratory of Hawassa University, Ethiafnd the care, handling and maintenance of
cannulated sheep were done in accordance with amieitare regulations of the animal ethics
committee of the University of Pretoria (NAS086/2D1The post incubation parameters such as
ME (MJ/kg DM) and OMD (%) of the incubated samplesre estimated according to equation
of Menke and Steingass (1988) by using 48 h gaduot®mn data, whilst short chain fatty acid
(SCFA, umo) at 24 h post incubation was computed from gdgmve using the linear equation
by Makkar (2005).
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ME (MJ/kg DM) = 2.2+0.136 GV +0.0057 CP
OMD (%) = 14.88 + 0.889 GV + 0.45 CP + 0.651 ash
SCFA @mol) = 0.0222GV- 0.00425

Plate 3.1. Partial view of total gas and metharmypction measurements at animal nutrition
laboratory of School of Animal and Range Scienktsyassa University.

3.2.5.Gas production characteristics

Gas production patterns were evaluated by the meard model developed by @rskov and
McDonald (1979), as modified by Osuiji et al. (1993)

Y = b (1-€%)
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Where Y = the cumulative volume of gas producetinae t; b = the asymptotic gas volume; ¢ =
fractional fermentation rate; t = incubation timmeae = base of natural logarithm. The intercept
is not included in the model as there is no gadyebon from unfermented feed, as explained by

Osuiji et al. (1993). Effective gas production (E@&Pgalculated using the equation:
EGP = (bc/(c+k)),

Where k is outflow rate from the rumen, assumelet®%/h.

3.2.6. Statistical analysis

Values for chemical content arl vitro gas production were presented in graph and table
for visual comparison. Multivariate analysis wasidocted using the chemical composition and
in vitro fermentable parameters data in order to evaluaekey forage species in terms of
chemical composition and gas production charatiesiand systematically group them into
different groups to investigate variations betwead within the group. The correlation matrix
was used for the calculation, after the data waanmeentered and standardized for principal
component (PC) analysis. The first three principainponents (PC1 to PC3) that explain the
greater amount of variation were plotted graphycail order to identify forage species with
similar characteristics. Points scattered closeatth other on the graph represent species that are
similar in their nutrient content ard vitro fermentation parameters. Data for PCA was analysed
using SAS software, and for cluster analysis, Rdt#ogical Statistics test (PAST) was used
(Hammer et al., 2001). Correlations between theadtaristics were computed on the mean
values of the forage species during cluster aralysi

3.3.Results
3.3.1.Chemical composition of selected pasture species

Chemical composition of the selected key forageciggeare shown in Table 3.1. Crude

protein (g kg DM) content of the grass species varied widelynfds to 99 with the lowest for
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Eragrostis tenuifoliaand the highest fa€ynodon dactylonThe CP content for forage legumes
ranged from 174 to 202 and comparable excepfTfdolium simensg139), which was the
lowest in CP content among others. The CP contansddge and forb ranged from 83 to 137
and the higher CP content was observedCiemtella asiaticgorb. The neutral detergent fibre (g
kg DM) for the grass species in the current studyedairom 592 to 698 except f@ragrostis
tenuifolia (459), while those for legumes varied from 487 87 3vith the lowest foifrifolium
tembenseand the highest fofrifolium cryptopodium The NDF contents of sedge and forbs
varied from 606 to 664 except f@entella asiaticdorb (343). Acid detergent fibre (g RKPM)
varied from 300 to 454, 316 to 392 and 257 to 3% ADL (g kg' DM) varied from 38 to 77,

70 to 97 and 49 to 67 for grasses, legumes ara{kedge and forbs), respectively. In general,
grasses contained greater NDF and ADF component$eaa ash and CP contents compared to
legumes. Higher IVI for the selected forage spesish astEleusine floccifolia Andropogon

amethystinuandPennisetum thunbergivere observed in that order as indicated in Taldle 3

Table 3.1. Chemical composition of selected foragecies from traditional enclosure area of

Kofele district, West Arsi Zone, Oromia, Ethiopia

Forage species IVl DM Ash CP NDF ADF  ADL
(%)*
g kg' DM
Grasses
Andropogon amethystinus 57.0 921 122 67 608 334 56
Cynodon dactylon 3.8 915 138 99 592 300 38
Eleusine floccifolia 122.6 922 83 45 698 454 74
Eragrostis botryodes 2.1 914 64 50 654 383 56
Eragrostis tenuifolia 1.6 902 98 45 459 330 77
Helictotrichon elongatum 2.2 923 89 62 642 373 54
Pennisetum sphacelatum 2.4 927 104 48 682 446 68
Pennisetum thunbergii 51.7 924 114 51 624 343 49
Poa leptoclada 10.2 915 75 67 637 356 54
Sporobolus pyramidalis 9.2 919 75 58 632 374 57
Legumes
Trifolium cryptopodium 4.5 913 140 202 537 348 86
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Trifolium mattirolianum 2.6 898 121 194 491 328 77
Trifolium rueppellianum 2.0 904 97 174 491 352 70
Trifolium simense 5.0 901 111 139 488 392 97
Trifolium tembense 12.7 902 139 195 487 316 82
Others (sedge and forbs)

Cyperus rigidifolius 16.5 909 74 118 664 394 67
Cerastium octandrum 5.0 921 109 83 622 351 50
Uebelinia abyssinica 14.1 913 136 102 606 337 62
Centella asiatica 18.3 894 139 137 343 257 49

ADF=acid detergent fibre; ADL=acid detergent ligni@P=crude protein; DM=dry matter;
IVI=important value index; NDF=neutral detergerdré.

®Average VI obtained from highland and mid-highlaagto-ecologies from enclosure and open
access grazing land for each species as obserntepiet al. (2020).

3.3.2. In vitro fermentation parameters and gasdorion characteristics

Total gas and methane production and predictedngeas are shown in Table 3.2. For all
studied species, the collective gas productioreaeed during the incubation period. The volume
of gas produced by the grass species varied witlely species to species and the variations
were not constant for various incubation times. @asluced by the grass species at 24 h (ml/g
DM) ranged from 27.3 to 155.7 with the lowest Rennisetum sphacelatuamd the highest for
Poa leptocladaOn the other side, gas produced by legumes (ml/g BtVR4 h varied from
145.1 to 210.3 with the lowest fdFrifolium cryptopodiumand the highest foifrifolium
rueppellianumGases produced lyentella asiaticdorb at 24 h of incubation (237.8 ml/g DM)
was the highest from other species studied. Avegageproduced from legumes (179.9 ml/g DM
at 24) was higher than gas produced from the gessies (99.4 ml/g DM at 24). Fractional gas
production rate “c” and EGP showed wide variabifdy the evaluated forage species regardless
of their botanical composition. The fractional gaeduction rate “c” varied from 0.001 to 0.025
h? for grasses, and 0.027 to 0.044 for legumes. The volume of EGP ranged from 19.4ml
DM for Pennisetum sphacelatuto 125.7 ml/g DM forPoa leptoclada The highest EGP

volume of 190.9 ml/g DM was observed foentella asiatic&orb. The gas production patterns
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for the key grass species are shown in Figure Bilevior legumes and others (sedge and forbs),

it is shown in Figure 3.2 and Figure 3.3, respdygtab

Methane produced (ml/g DM) by the grass specietg8dt of the incubation period varied
from 27.8 to 130.3 with the lowest fdfragrostis tenuifoliaand the highest foEleusine
floccifolia (Table 3.2). Methane produced (ml/g DM) by foraggumes ranged from 33.0 to
49.8, and sedge and forbs ranged from 16.5 to 338. lowest methane production was
recorded fronCyperus rigidifoliussedge, which is the second dominant species ihitidand
area during the short rainy season nextémtella asiaticaforb. On average, grasses produced
43.9% higher methane than legumes in the curramdystShort chain fatty acid (SCFA)
produced gmol) at 24 h from the species studied varied widedyn 0.59 to 5.26 with the lowest
for Pennisetum sphacelatugnass and the highest f@entella asiaticaorb. Thein vitro OMD
in the grass species ranged from 47.4 to 59.1%) 6.5 to 60.4% in legumes and from 55.7 to
66.4% in sedge and forb species. MetabolizableggnéviJ/kg DM) concentrations in the

grasses ranged from 7.1 to 8.7, in legumes fronto/84 and from 7.8 to 9.5 in sedge and forbs.
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Table 3.21In vitro total gas and gas production characteristics (BN), methane (Ch ml/g DM), SCFA imol) production, OMD

(%) and ME (MJ/kg DM) contents of forage speciesfrtraditional enclosure area of Kofele districte® Arsi Zone, Oromia,

Ethiopia
Forage species Total gas Gas production chaistater CH SCFA OMD ME

24 h 96 h C EGP 48 h
Grasses
Andropogon amethystinus 32.6 122.2 0.001 24.6 73.3 0.70 52.4 7.6
Cynodon dactylon 112.0 270.4 0.017 90.9 60.3 2.46 56.5 7.9
Eleusine floccifolia 132.8 325.3 0.013 97.7 130.3 2.93 48.4 7.2
Eragrostis botryodes 95.7 287.1 0.005 72.8 123.0 2.10 54.7 8.4
Eragrostis tenuifolia 133.1 277.3 0.025 107.2 27.8 2.93 59.1 8.7
Helictotrichon elongatum  120.2 363.2 0.012 110.1 43.5 2.65 50.9 7.4
Pennisetum sphacelatum  27.3 79.3 0.002 19.4 95.8 0.59 47.4 7.1
Pennisetum thunbergii 54.1 248.9 0.002 80.5 70.3 1.18 52.5 7.8
Poa leptoclada 155.7 311.5 0.025 125.7 71.0 3.44 53.3 7.8
Sporobolus pyramidalis 130.5 326.3 0.016 107.0 57.3 2.88 51.0 7.6
Legumes
Trifolium cryptopodium 145.1 295.8 0.027 121.5 33.0 3.20 60.3 8.0
Trifolium mattirolianum 194.9 300.7 0.041 148.6 41.8 431 60.4 8.2
Trifolium rueppellianum 210.3 312.7 0.043 162.2 49.8 4.65 59.7 8.4
Trifolium simense 183.1 269.2 0.044 139.2 39.0 4.04 56.5 7.9
Trifolium tembense 166.4 260.6 0.04 130.4 47.3 3.67 57.5 7.4
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Others (forb and sedges)

Cyperus rigidifolius 79.8 291.5 0.002 60.0 16.5 1.75 55.7 7.8
Cerastium octandrum 59.7 190.1 0.005 47.3 24.3 1.30 56.8 8.3
Uebelinia abyssinica 43.8 246.5 0.002 39.5 33.0 0.95 56.5 8.1
Centella asiatica 237.8 293.7 0.059 190.9 335 5.26 66.4 9.5

DM= dry matter; ME= metabolizable energy; OMD= argamatter digestibility; SCFA= short chain fattgid c= fractional gas
production rate (%/h). EGP is the effective gasdpation calculated using the equation EGP = (b&)cvhere k is outflow rate
from the rumen, assumed to be 5%/h. DM=dry matter.
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Figure 3.1 Gas production patterns for the tropical gra
G1=Andropogon amethystin; G2=Cynodon dactylonG3=Eleusine floccifoli; G4=Eragrostis
botryodes G5=Eragrostis tenuifoli; G6=Helictotrichon elongatu;; G7=Pennisetum

sphacelatum G8=Pennisetum thunber; G9=oa leptoclada G10= Sporobolus

spyramidalis.
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Figure 3.2 Gas production patterns for forage legu
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Figure 3.3 Gas production pattern for secand forb species

3.3.3. Principal componenanalysis

From the PCA correlation variance, the first thpemcipal components (PC1 to PC3) t
eigenvalue greater than 1 (Tal3.3), and these three components explained 84.2%sectotal
variation of the data. In particular, the firstramipal component (PC1), which explained 54.
of the total variation, was positively associateithvCP, OMD, ME,fractional gas production
rate (c), EGP and totglas production at 24, whereas it was negatiyecorrelated with NDF
ADF and CH production.The second PC (PC2), which exped 17.9% of the total variati
was positively correlatedith ADF and total gas production at 96 wahile it was negatively
associated with asipMD and MEcontent.The third PC (PC3) which explained 11.6% of
total variation was positively correlated wiCP and ADL, and wasegatively correlated wit
ME and total gas production at 9. Data structure of forage species in the-dimensional
space was shown in dtre 3.- for PC1 vs. PC2 and iRkigure 3.5 for PC1 vs. PC Forage
species which had higher values for P(Centella asiaticaforb and all legume species
evaluated) wereharacterized k higher CP content, fractional gas production raje EGP anc
total gas production at 24 but had lower fiber contents and 4 production Similarly, forage
grasses which had higher values for PEleusine floccifoliaEragrostis botryode, Pennisetum

sphacelatumand Poa leptoclad) were characterized by higher ADF arCH4 production. As
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well, legume species such &sfolium simenseand Trifolium rueppellianumhad also greater
total gas production along PCPennisetum sphacelatugrass which was characterized by
higher ADF, and forage legumes such Tagolium tembenseTrifolium cryptopodiumand
Trifolium simensewere characterized by higher CP and lignin conterd these had higher
correlation values with PC3.

Table 3.3. Eigenvector coefficient of 13 chemicamposition andin vitro fermentable
parameters for the first three principal componerits Eigenvalue of the total variance.

Variables Principal Component

First Second Third
Ash 0.163 -0.435 0.309
Crude Protein 0.28 -0.05 0.402
Neutral detergent fibre -0.346 0.14 -0.045
Acid detergent fibre -0.248 0.393 0.251
Acid detergent lignin 0.112 0.244 0.638
Total gas production at 24 h 0.333 0.282 -0.051
Total gas production at 96 h 0.175 0.384 -0.305
Methane production -0.198 0.291 -0.1
Short chain fatty acid 0.333 0.286 —-0.052
Organic matter digestibility 0.333 -0.227 —-0.065
Metabolizable energy 0.251 -0.213 -0.378
Fractional gas production rate (c) 0.351 0.136 9.07
Effective gas production 0.336 0.256 -0.093
Eigenvalue 7.108 2.331 151
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Figure 3.4. Principal component analysis for PCP@2 showing the clustering and separation
of forage species depending on chemical composiéind in vitro ruminal fermentation
parameters.

AA= Andropogon amethystinus; CD= Cynodon dactylon; EEfeusine floccifolia; EB=
Eragrostis botryodes;ET= Eragrostis tenuifolia; HE= Helictotrichon elomgum; PS=
Pennisetum sphacelatum; PT= Pennisetum thunbeRlir Poa leptoclada; SP= Sporobolus
pyramidalis; TC= Trifolium cryptopodium; TM= Trifalm mattirolianum; TR= Trifolium
rueppellianum; TS= Trifolium simense; TT= Trifoliutembense; CR= Cyperus rigidifolius;

CO= Cerastium octandrum; UA= Uebelinia abyssini€2A= Centella asiatica.
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Figure 3.5. Principal component analysis for PC1RG3 showing the clustering and separation
of forage species depending on chemical composiéind in vitro ruminal fermentation
parameters.

AA= Andropogon amethystinus; CD= Cynodon dactylon; EEfeusine floccifolia; EB=
Eragrostis botryodes;ET= Eragrostis tenuifolia; HE= Helictotrichon elomgum; PS=
Pennisetum sphacelatum; PT= Pennisetum thunbeRjir Poa leptoclada; SP= Sporobolus
pyramidalis; TC= Trifolium cryptopodium; TM= Trifalm mattirolianum; TR= Trifolium
rueppellianum; TS= Trifolium simense; TT= Trifoliurembense; CR= Cyperus rigidifolius;

CO= Cerastium octandrum; UA= Uebelinia abyssini€2A= Centella asiatica.

3.3.4. Cluster analysis

The finding from cluster analysis is presentedigufe 3.6. The graph showed that the key

forage species were classified in to five group$h &i possibility to divide group IV into two sub
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groups (IVa and IVb). Group | includedentella asiaticgorb which had higher gas production
at 24 h, higher fractional gas production rategiedl higher EGP, but lower in NDF and £H
production compared to the rest groups. Group temesented solely iygragrostis tenuifolia
grass and group Ill contains all legumes, whicled&d from groups IV and V that had all grass
species excepEragrostis tenuifolia.Group Ill, which had all the legumes have on averag
higher CP content, higher fractional rate of fertagon (c) and higher EGP, but lower €H
production compared to grasses in groups IV andGvbup Il which containEragrostis
tenuifoliagrass differed from group Il (all the legume spst by having lower CP content and
lower CH, production and lower fractional rate of fermentati@) when compared to average
values of group Ill. Group IV (most of the grassaps) differed from group VE({eusine
floccifolia and Pennisetum sphacelaturgrasses by producing lower Ch production as

compared to the average values recorded for group V
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Figure 3.6. Multivariate cluster analysis plot @meng groups of different forage species

depending on similarities in chemical compositiod e vitro ruminal fermentable parameters.

GrassesAA= Andropogon amethystinus; CD= Cynodon dactylon; EErusine floccifolia;

EB= Eragrostis botryodes; ET= Eragrostis tenuifqlillE= Helictotrichon elongatum; PS=

Pennisetum sphacelatum; PT= Pennisetum thunbeRjir Poa leptoclada; SP= Sporobolus

pyramidalis, legumes: TC= Trifolium cryptopodium; TM= Trifolium mattirainum; TR=

Trifolium rueppellianum; TS= Trifolium simense; TT=ifolium tembensesedgeCR= Cyperus
rigidifolius, forbs: CO= Cerastium octandrum; UA= Uebelinia abyssinic&A= Centella
asiatica, c= fractional gas production rate; CP= crude pmt&b= group; NDF= neutral
detergent fiber; TG24= gas production at 24 h.
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3.4. Discussion

3.4.1.Chemical composition of selected forage species

Most grasses excefdtynodon dactylomad CP below 70 g/kg DM, a CP content below the
minimum level required for normal rumen functionif\¢an Soest, 1994). On the other side, the
CP contents of legume species were above 150 gikgtBe least amount of CP contents for
lactation and growth (Norton, 1982) except fomifolium simense(139 g/kg DM). The CP
contents for sedgeCperus rigidifoliug and forb species in this study were well abovey/Kg
DM, a minimum level for rumen functioning as indidtby Van Soest (1994).

Animal feeds with more than 650 g/lkg DM NDF werasidered as low quality feed (Singh
and Oosting, 1992), and 70% of the grass specslategumes and forbs in the current study
contained NDF below this threshold level. Neutretiedgent fiber contents for the majority of the
grass species in the current study were in betv@&8nto 877 reported for the key grass species
from natural pasture in crop-livestock mixed fargisystem of Southern Ethiopia (Gemiyo et
al., 2013). Similarly, lower fibre contents for tigeass species were observed for the current
study compared to sub-tropical grass species sittanal rangeland of South Africa (du Toit et
al., 2018). Such variation might be observed dustage of maturity of the grass species at
harvest, as higher fibre contents resulted withheased forage species age (Mero and Udén,
1998). The moderate quality of fibre contents fritn@ evaluated forage species might be due to
stage of harvesting, as forage sample collectios deme at flowering stage when farmers in the

study area utilize the conserved grazing area krtoaditionally as Kelo'.

3.4.2.1n vitro fermentation and multivariate analysis

Gas produced by legume species at 24 h in therdwstedy was slightly lower than the 213
to 257 ml/g DM gas produced at the same incubgienod for legume hays grown in Turkey
(Suha Uslu et al., 2018). Highest gas productios meaorded foCentella asiaticgorb at 24 h
of incubation period with higher CP and OMD alon@1P(Figure 3.4) compared to other forbs

and grass species. This is in agreement with duelail. (2018), who found the highest total gas
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volume after 24 h of incubation for species higlrerin vitro organic matter digestibility
(IVOMD) and CP concentrations. Similarly, the higlygas production for legume species than
grass species in the current study agrees withhSnhgl. (2012), who found more gas production
by legumes than cereals or grasses. This is cleaddgrved from cluster analysis in the present
study (Figure 3.6) that all legume species clustelese to each other in the same group, and
from PCA analysis (Figure 3.4), had higher toted geoduction at 24 h and higher EGP that was
highly correlated with PC1.

As indicated by Babayemi and Bamikole (2006), ,(#loduction is energy loss to the
animals and also one of the sources of global wegmihe differences in CHproduction
between grass species in the current study mayttbbuged to differences in the chemical
composition (fibre components) between plant sge€iable 3.1). From PCA, perennial forage
grasses such dsleusine floccifolia Pennisetum sphacelatuand Eragrostis botryodeshad
greater NDF, ADF and CHproduction and were strongly and negatively asgedi with PC1
and as a resuEleusine floccifoliaand Pennisetum sphacelatuaiusterd close to each other in
the same group in cluster analysis (Figure 3.6)s Pphovides an opportunity for selecting low
methane emission forage species by targeting fibe& contents. Similar to the present finding,
Gemeda and Hassen (2014) also found a positivelatan for methane with fibre components.
The higher methane production for grass speciespaoed to legume species agrees with
previous research (Navarro-Villa et al., 2011; Mskeet al., 2017), which found higher methane
production for grass species than leguminous fara@a the other hand, the lower methane
production in legumes species compared to grassdd be due to less extensivevitro rumen
fermentation of legumes species as proposed byriaVidla et al. (2011). The higher SCFA
from legume species ar@entella asiaticaorb in the present study might be due to theiwdo
fibre fractions (Table 3.1) compared to grassedgseand forbs, which is in line with the
discovery by Van Soest (1994) of greater SCFA pacges containing lower fibre fractions. This
is clearly observed from PCA that forage legumed @antella asiaticaforb had lower fiber
components (NDF and ADF) along PC1. According téaGleew et al. (1998) gas production is
a reflection of the production of SCFA and the bgsis of microbial biomass (Getachew et al.
1998). Similarly, as indicated by Ajayi and Babayg2008), SCFA is a reflection of energy
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contents in a feed. This is a possible explanatiby forage legumes ar@entella asiaticdorb
in the present study had greater EGP comparedagdarasses.

All grass species in the present experiment coathlower OMD than the range of OMD
values of 56.1 to 79.6% reported by Melesse €R@ll7) for some common grass species grown
in Ethiopia, excepCynodon dactylorandEragrostis tenuifoliawhich had a values within this
range. This was clearly observed from PCA (Figu# & which all grass species evaluated
(exceptEragrostis tenuifoliy had negative loadings and association with PGith@ contrary,
all grass species studied had a value above 22.8.886 OMD obtained by du Toit et al. (2018)
for selected sub-tropical grass species. Foragarieg evaluated in this study had lower OMD
than was reported by Melesse et al. (2017) for sconemon legumes grown in Ethiopia, and by
Suha Uslu et al. (2018) for some legume plants griowT urkey. Meissner et al. (2000) observed
that forages having an OMD of 70% or above are @eeto be of high quality thus all forage
species in the current study, which had a valuevwbel0% OMD were considered to below
quality forage. The ME in the grass species inghesent study were higher than 3.0 to 5.7
MJ/kg DM reported by du Toit et al. (2018) for sebxl sub-tropical grass species and in the
range of ME reported for common tropical grassdesain Ethiopia by Melesse et al. (2017). On
the other side, the values of ME obtained for legsimand others (sedge and forbs) were below
8.9 to 10.3 MJ/kg DM reported by Melesse et al1{@0or common tropical legume forages in
Ethiopia except foCentella asiaticdorb recorded 9.5 MJ/kg DM.

3.5. Conclusions

The key forage species characterized in the presgperiment showed significant
difference in terms of chemical composition, amditro fermentable parameters such as gas and
CH, production, EGP and fractional gas production (aje Multivariate analysis clustered the
forage species in to five main groups and two sulqg in one of the groups based on their
chemical composition (NDF, CP) amdvitro fermentable parameters (c, CH4 and total gas at 24
h). The PCA revealed that the fiber components \wesatively correlated with Ckproduction
while the cluster analysis showed that forage giasghich had higher fiber contents and higher

CH, production were clustered close to each otheoagpared to other species. Lower methane
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emission in turn minimizes the environmental damagesed by livestock species. Similarly, the
description of forage species included in this gtdterms of chemical composition aimdvitro
fermentable parameters will serve as a sourcefofnration to improve the existing knowledge
pool which helps design appropriate pasture basedirig system and grazing land management
practices. Furthermor€entella asiaticaforb was superior in most of the nutritive value
parameters included in current study. Hence, furéx@eriments could be conducted regarding
its yield, anti-nutritional and actual feeding vasuto recommend this forb as possible forage
crop in the feeding system of ruminants in the @@rtighlands of Ethiopia and similar agro

ecologies elsewhere.
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CHAPTER FOUR

Evaluation of n-alkanes, long chain alcohols, andatbon stable isotope enrichments of n-

alkanes as diet composition markers for forage spess
Abstract

Plant species exhibit different patterns of plamiaular wax profiles, which can potentially be
used as diet composition markers in free grazinpihares. The objective of this study was to
evaluate the suitability of the plant cuticularlkames, long chain alcohols (LCOH) profiles and
carbon stable isotope enrichmesi’C) of n-alkanes of forage species from the cemigtilands

of Ethiopia to use as markers in the estimationief composition of grazing animals. Forage
samples were collected from 100 representative rgtmaf 0.5 m x 0.5 m at 10 m transects,
covering 16 hectares of grazing area. Forage sampéee sorted by species and pooled from
different quadrats to obtain enough quantitiesepfesentative individual species for subsequent
analysis. A total of ten dominantly forage speciese identified and analyzed for n-alkanes and
LCOH by gas chromatography (GC) and the isotopitiorg*C/*?C) by using Gas
Chromatography-Combustion-Isotope Ratio Mass Spextry (GC-C-IRMS). Principal
component analysis was used to explore inter-spe¢aiations in the concentration of n-
alkanes, LCOH and"C of n-alkanes. Odd-chain n-alkanes comprised itjeelst proportion of
the total n-alkane concentration ranging from 7@%schaemum afruno 95% inHaplocarpha
hastata N-alkanes g;, C,9 and Gs were the most abundant with an average 167, 806and
mg/kg DM, in that order in all species. Even-chasl®@OH comprised the highest proportion of
the total LCOH concentration accounting for 92%Bnachiaria scalaristo 97% inlschaemum
afrum The dominant even-chain LCOH werey@QH, G,0OH, GgOH and GsOH, with an
average concentration of 362, 348, 266 and 237 gngM, respectively. Thé'C of n-alkanes
showed relatively large variations between forggecies ranging from —19.7%. #ndropogon
amethystinuso —40.6%. inTrifolium mattirolianum The finding of the PCA presented that 81%
of the total variance in the pattern of concentragiof n-alkanes was explained by the first two
principal components compared to 69.3 and 82.9%eércase of LCOH ané!>C of n-alkanes,

respectively. It was concluded that the variationthe patterns of concentrations of n-alkanes,
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LCOH ands™C of n-alkanes could be suitable as markers for cenposition estimation of

grazing animals under tropical grassland conditions

Keywords:. forage species profilgssessment, pasture, plant wax
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4 .1. Introduction

Ethiopian highlands are characterized by high ptgcies diversity and are considered a
center of species endemism due to large elevatinge;, heterogenous landscape and climate
(IBC, 2005). These highlands, once given by rictiursd resources, have been cultivated
agriculturally for many years’ and now are sevetbgraded due to mismanagement. Numerous
studies have showed that the grazing lands in Ridiare found in poor condition and need
immediate action (Mengistu et al., 2017). Improvednagement of grazing lands necessitates
good knowledge of the nutritional qualities of diftnt pasture species, biomass yields and
botanical composition of grazing herbivores. Estioraof diet composition in freely grazing
animals is challenging due to the invasiveness hef methods applied and associated in
accuracies to simulate the natural grazing behawbdanimals. The use of plant cuticular wax
hydrocarbons as diet composition markers has rgcesteived increasing acceptance as it is
less invasive and allows diet composition estinmatwithout restricting free movement of

animals.

The basic prerequisite for estimating diet selectbanimal using plant cuticular wax on a
complex pasture is the presence of enough diffixteart of marker profiles between plant
species (Mayes and Dove, 2000). Various forageiespd@ave different patterns of plant wax
components in their cuticular wax (Dove and May$X)5) and this truth has successfully been
utilized to estimate the diet composition of colie (Charmley and Dove, 2007) and grazing
animals (Piasentier et al., 2007). N-alkanes aterated hydrocarbons found in the cuticular
waxes of plants and their pattern is unique to tp&oecies and plant parts (Dove et al., 1996;
Ferreira et al., 2005)hen using plant cuticular wax markers as diet aosiipn markers, the
number of plant species consumed cound be equulltawer than the number of markers used.
In dealing with multispecies plant communities, tinember of plant species available to the
herbivore may well be high and necessitate usetluérocuticular markers in addition to n-
alkanes (Ali et al, 2005; Bezabih et al, 2011b)isTis due to the limited number of n-alkane
markers available in high enough concentrationbdaaused for diet composition calculations
(Brosh et al., 2003; Dove and Mayes, 2005). Onensied overcoming this constraint is to

include additional classes of plant wax componergsmarkers such a$°C of n-alkanes
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(Bezabih et al., 2011b; Ferreira et al., 2014) B@OH (Dove and Charmley, 2008; Lopez et al.,
2015; Heublein et al., 2017) for distinguishingvieen plant species.

According to Phillips and Gregg (2003) carbon stabbtopes are utilized as tracers to find
out the proportional contributions of numerous sesrin a mixture. Th&**C for individual n-
alkanes showed wide variation for some forage sgeat different locations (Bezabih et al.,
2011b; Ferreira et al., 2014). Orthogonal proctmition (OPR) findings suggested tigaiC
values of alkanes provided additional discriminatoformation to that given by other markers.
Similarly, LCOH of the plant wax components aregmbial diet composition markers that
presented additional or complementary informatiboud plants to those given by n-alkanes
(Bugalho et al., 2004). Bugalho et al. (2004) obsdithat the proportional differences explained
by using n-alkane, LCOH or their combination varemiong plant mixtures, suggesting that
marker selections are diet dependent. AccordingSamuels et al. (2008), environmental
conditions and geographical locations could infeethe pattern of the cuticular wax profile of
plant species growing in different places. Howelitle information is available (Bezabih et al.,
2011b) regarding the patterns of plant wax comptsnén forage species in the highlands of

Ethiopia.

According to Ali et al. (2005), it is necessarycallect location specific information on the
n-alkane profiles of existing forage species to ws#ely in animal feed research. As a result,
there is a need to extend the earlier work in thd Rift Valley rangelands (Bezabih et al.,
2011b) to pasture lands with different vegetatimmposition in the central highlands of
Ethiopia and also characterize additional plant wamponents. Therefore, the aim of the
present study were to quantify n-alkanes, LCOHifg®fands'3C of n-alkanes of forage species
from the central highlands of Ethiopia, and to aaté the potential utilization of these

compounds as markers to estimate diet composifigrazing animals.

4.2. Material and Methods

4.2.1. Research site
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The study was conducted in Kofele district, WessiAZone of Oromia Regional State,
Ethiopia. It is situated at 7°07’'N and 38°48’E wih altitude of 2660 masl| with a predominantly
loam soil type. The area has bi-modal rainfallréhsition with short rains lasting from March to
May and the main rainy season extending from Jen&dptember/October. The long term

average annual rainfall is 1800 mm and the avedadyg temperature is 19.5°C.
4.2.2. Plant sampling and processing

Forage species samples were collected from 2 tlesctdarGurmicho Primary School at the
grazing land in October, 2017 from the highlandaarféorage sampling was done from 100
representative quadrats of 0.5 m x 0.5 m at 10amstcts drown in a perpendicular manne in the
grazing land area. Forage sampling was done at fi@®&ring stage when it was possible to
easily identify the species, which coincided whike period when farmers start to use the pasture
from enclosure areas known locally &&lb”. From a quadrat, whole plant species were mowed
at 5 cm aboveground, sorted by species and weigheétermine the dominance of a species
from a mixture. Forage species were pooled fronfediht quadrats to obtain sufficient
guantities of individual species in the samplingaafor plant wax analysis. Forage species were
identified by using guidebooks on the site and tfayse plant species that were difficult to
identify on site, their local names were recorded &erbarium specimens were collected,
pressed and dried properly by using a plant premserdentified and confirmed at the national
herbarium, Addis Ababa University, Ethiopia. A favd 10 dominant available forage species as
they appeared naturally in the pasture (data rmi#/shconsisting of grasses (4 species), legumes
(3 species) and forbs (3 species) were selectetuftirer analysis (Table 4.1.). The individual
forage species samples were oven-dried to a cdnaight at 60°C for 48 hours and then

ground in a Willey mill to pass through a 1 mm siéer subsequent laboratory analysis.

Table 4.1. Details of selected forage species daitefrom Gurmicho Primary School grazing

land, Kofele district

Botanical name Family Plant type  Life form To Ethied

Andropogon amethystinus Poaceae Grass Perennial Indigenous

Brachiaria scalaris Poaceae Grass Annual Indigenous
73
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Ischaemum afrum Poaceae Grass Perennial Indigenous
Pennisetum thunbergii Poaceae Grass Perennial Indigenous
Trifolium cryptopodium Fabaceae Legume Perennial Indigenous
Trifolium mattirolianum Fabaceae Legume Annual Endemic
Trifolium tembense Fabaceae Legume Annual Indigenous
Centella asiatica Apiaceae Herb Perennial Indigenous
Haplocarpha hastata Asteraceae Herb Perennial Endemic
Uebelinia abyssinica Caryophyllaceae Herb NA Indigenous

NA=not available

4.2.3. Extraction and analysis of plant wax markers

N-alkane and LCOH extraction and analysis were ugotetl at the isotope nutrition
laboratory of James Hutton Institute, UK. Extrantiand analysis of forage samples for n-
alkanes was done as described by Dove and May8§)B§ gas chromatography (GC), running
analyses in duplicate, and for LCOH a modificatarnthe method of Dove and Mayes (2006)
was used. Long-chain fatty alcohols were extraeted analysed with 1-heptacosanobAQH)
being used as internal standard. Crude alcohchetstwere obtained using the method of Dove
and Mayes (2006). Instead of using aminopropyldsphase extraction (SPE) columns to purify
the crude alcohol extracts (Dove and Mayes, 20863plumn-based urea adduction method
(Mayes, unpublished) was adopted. To an empty 8f& with polyethylene frits and closed at
the bottom with a Luer syringe cap, a saturatedtswi of urea in ethanol was added followed
by crude alcohol extract dissolved in n-heptandgetAihitial warming, the urea was allowed to
crystallise and the solvents evaporated. The codumere placed in a positive-pressure SPE
manifold and the Luer syringe caps removed. Stestdsols and any triterpenol impurities were
removed by applying n-heptane to the columns (afigwhe washings to run to waste). Water
was then added in order to remove urea. The pdrdieohol fraction was obtained using a
second application of -heptane. After removal of the solvent in the padfiextract by
evaporation, acetate derivatives of the LCOH weepared by heating (5C) overnight with a

mixture of acetic anhydride and pyridine. The pyred and excess acetic anhydride were
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removed by evaporation and the derivatised extrastdissolved in n-dodecane prior to analysis
by GC.

For GC analysis, the derivatised extract was ieg¢fiul) into a Trace (Thermo Finnegan)
gas chromatograph fitted with a split/splittlesgatpr (running in splitless mode at 2Z5with a
splitless time of 5 min) and flame ionization détecFID), using helium (flow rate 1ml/min) as
the carrier gas. The GC column was a non-polar édipthase capillary type Rtx-5 MS (Restek)
(30 m x 0.25 mm i.d. x 0.2pm film thickness). The temperature programme usedhe GC
column oven was: 174C for 5 min; 3°C/min to 210°C; held at 216C for 1min; 5.3°C/min to
320°C; held at 326C for 12 min. The fatty alcohol peaks from the d&dewere integrated and
processed using EZChrom Elite software; the peaék @as imported into an excel spreadsheet
in order to calculate the fatty alcohol levelshe forage.

Concentration alkanémg/kg DM) = [10 x area % alkape Cs4 IS wt (mg)]
sample wt (g) x DM content x SRR

Concentration LCOHmg/kg DM) =[10 x area % LCOHx C,;OH IS wt (mq)]
sample wt (g) x DM content x SRF

Where G4 JSwt and G;OH ISwt is the weight of the solution containing timternal standard,
and %Area is the area of n-alkaoe LCOH calculated as the percent area a@f & G;OH,
respectively. The DM content is the sample dry Wei®RF is the average response factor,
calculated as the percent area of n-alkané&.COH in the mixed standard solution divided by
the percent weight of n-alkaner LCOH in the mixed standard, and jFE the fractionation
factor.

For compound-specific isotope analysis, 90% offfdialkane extract obtained from each
sample replicate was used and the remaining 10%sulgscted to n-alkane analysis by GC. The
carbon isotope composition of the alkanes was nhted by fitting a GC with a split/splitless
injector operated in split mode to a combustioreriisice which was connected to Gas
Chromatography-Combustion-Isotope Ratio Mass Spewetry (GC-C-IRMS) enabling tHe>C
values in individual n-alkanes to be determinedll-lbase line separation of all individual
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alkanes was achieved by fitting the Trace GC wittapillary column as described for n-alkane
by Dove and Mayes (2006) and using helium as cag#s. The temperature setting of the
column was identical to that described for n-alkafbe isotope ratio of the alkanes was

calculated in terms of conventional delta valugdQ) as follows:

81*C = 1000 (Rampie— Ritandar)
F\)standard

Where, Rample IS the abundance ratio ofC to **C in the plant sample, andsRdaqis the

abundance ratio dfC to*%C in the standard sample.
4.2.4. Statistical analyses

Principal Component Analysis (PCA) was used to espkthe pattern of n-alkane, LCOH
and §*°C of alkanes by grouping species along the princgqmahponent axes. The correlation
matrix was used for the calculation, after the deds mean-centered and standardised. The first
two principal components (PC1 and PC2) were plogexphically where points on the graph
represent plant species. The distance betweenespiecthe scatter plots is an indication of the
variations in marker profile between the specidge 3pecies that are close together in the scatter
plots are the ones with a similar marker profile. t@e other hand, the species that are placed far
apart are expected to have huge differences in thaiker profiles as explained by Bezabih et
al. (2011b). Data were analyzed using GenStat fiomddivs (11th edition).

4 3. Results

4.3.1. Composition of n-alkanes in the whole plants

The n-alkane patterns of the forage species celleitom the grazing lands are presented in
Table 4.2. The n-alkanes utilized as internal staasl (G, and G,) in the plant wax analysis are
not presented. Large variations in totag @ Gss were observed between plant species, ranging
from 58 mg/kg DM inCentella asiaticato 968 mg/kg DM inHaplocarpha hastataThe odd-
chain n-alkanes comprised the highest proportiemd79% of the total alkane concentration in
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Ischaemum afrurto 95% inHaplocarpha hastataln all species, excefrachiaria scalarisand
Ischaemum afrupCs; was the most abundant in concentration, rangioign f£3.2 mg/kg DM in
Centella asiaticao 462.3 mg/kg DM inTrifolium tembenseNext to G; alkane, Gy was the
most abundant alkane in most species, ranging #&mng/kg DM inCentella asiaticao 217.1
mg/kg DM in Haplocarpha hastateand the third dominant wasz£alkane. From the current

study,Centella asiaticacontained the lowest quantity in most alkane cotreénns, with a total

of 58 mg/kg DM.
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Table 4.2. Concentration of n-alkanes for seletealge species collected from Gurmicho Primary $thoazing land, Kofele

district
Forage speci N-alkanes concentration (mg/kg D

Cas Cu Cx Cyx Cyr Cas Cao Cso Ca1 Cs Css Css Total TOC
Andropogon amethystin 3.2 1.6 8.4 2.€ 25.¢ 4.C 68.2 4.4 83.€ 6.2 60.¢ 8.2 280 25¢
Brachiaria scalari 1.t 1.C 6.4 1.t 18.c 4.6 53.2 8.€ 97.% 14.€ 184.t 42.& 437 40t
Ischaemum afru 6.7 6.4 34 84 52¢ 8. 28z 9¢ 36 151 24z 6.1 24C 18¢
Pennisetum thunber: 2.2 1.¢ 4.7 2.€ 19.4 4.4 51.¢ 5.4 93.2 8.1 81.C 10.e 28t 26¢
Trifolium cryptopodiur 11.1 11.c 17.€¢ 11z 455 14z 143z 14.C 292.¢ 12¢ 310 3.€ 61 54¢
Trifolium mattirolianun 2.2 1.8 6.€ 2.€ 27.C 5.¢ 54.7 8.6 107¢ 7.C 13t 24 24: 21t
Trifolium tembens 1.7 15 9€ 35 368 7.2 105.¢ 211 462 20 53t 3.C 728 677
Centella asiatic 0.S 11 2.€ 1.t 9.€ 1.7 9.¢ 2.2 13.2 3.6 8.C 2.1 58 46
Haplocarpha hastal 1.C 1.4 3.€ 1.4 52.C 6.5 2171 215 419« 164 145.C 79.6 96¢ 91¢
Uebelinia abyssinic 1.2 2 5.1 2.2 29.% 4.4 65.( 5.t 61.¢ 4.t 8.7 1.¢ 19z 17:%
TOC-=total odd-chain alkanes
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4.3.2.Composition of alcohol in the whole plants

The LCOH concentrations of forage species colleftech the grazing lands are presented
in Table 4.3. Large differences in the pattern ©OH were observed among the plant species
for C,,0OH to G4OH, excluding G;OH which was used as internal standaZdntella asiatica
forb showed the lowest total LCOH concentration (677 kmgDM) whereasTrifolium
mattirolianum legume had the highest concentration (2228 mg/kg DM). Esfemin LCOH
presented the highest proportion of the total LCO&hcentration, ranging from 92% in
Brachiaria scalaristo 97% inlschaemum afrumMost even-chain LCOH such asOH,
C3.0H, GgOH and G¢OH were abundant with an average concentration6gf 348, 266 and
237 mg/kg DM, respectivelyTrifolium mattirolianum, Trifolium tembensand Trifolium
cryptopodiumlegumespredominated in OH andAndropogon amethystinuend Pennisetum

thunbergiigrasses predominated ig,OH.
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Table 4.3. Concentration of LCOH for selected ferapecies collected from the central highlandstbiopia

Forage speci LCOH concentrations (mg/kg DI

Cy Cx Cyu Cxs Cy Cas Cyo Cso Cs1 Csz Css Cs, Total TEC
Andropogon amethystin - 89.7 6.7 59.z 7.7 152.1 370.C 21.7 194t 32z 757.z 9. 31.z 1731 1654
Brachiaria scalari: 36.5 44 43¢ 4.4 138« 751 10.t  53.€ 26.1 327.1 13.C 25t 75€ 701
Ischaemum afru 23z 2.& 51.C 4. 297z 454t 104 78.¢ 9.€ 119.1 2. 3.1 105¢ 1027
Pennisetum thunbert 76.£ 5¢ 49¢ 4¢ 170.f 191.6 15.€ 116.¢ 32.z 605.¢ 10.1 41.z 1321 1252
Trifolium cryptopodiur 68.¢ 10.£ 87.Z 10.C 155.¢ 129.7 30.t 572.1 50.¢ 457.7 18.€ 44.z 163t 151¢
Trifolium mattirolianun 414 5¢& b55<4 8.€ 210.¢ 511.C 547 1072.( 24.& 196.7 7.6 38.6  222¢ 212¢
Trifolium tembens 71.€ 6.7 59.€ 9.7 176.¢ 140.¢ 48.7 956.t 67.C 306.7 11.¢ 35.z 1891 174
Centella asiatic 17€ 2E5 401 8z 178 208.6 14.¢ 113.2 122 74¢ 1.¢ 3.2 677 637
Haplocarpha hastat 51t 34 129.. 124 632.¢ 467.t 23.& 336.f 99.¢ 3811 7.z 20.¢ 216¢ 201¢
Uebeliniaabyssinic: 44¢ 5¢ 38.€ 51 256.C 107.7 13.C 1287 25.C 251.C 7.z 16.z 89¢ 842
LCOH-=long chain alcohol; TEC=total even-chain LCOH
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4.3.3. Compositions @f°C of n-alkanes in the whole plants

The §*3C values of the n-alkanes are given in Table 4K Botope enrichment ofz£
alkane was not presented as it was used as insaradard in GC-IRMS analysis. The results of
the patterns oB8™C of the n-alkanes ranged from -19.7%.Amdropogon amethystinus -
40.6%o0 in Trifolium mattirolianum which showed relatively large variations betwderage
species. Th&d*C of n-alkanes for the grass species ranged fro@i7%b for Go alkane in
Andropogon amethystinus -38.1%. for G, alkane inBrachiaria scalaris,whereas it ranged
from -29.2%0 for G4 alkane inTrifolium tembensdo -40.6%. for G, alkane inTrifolium
mattirolianum legume species. On average, the odd-chain alkeereted to be greater in
magnitude compared to the subsequent even-chamlwit delta unit irBrachiaria scalaristo
7.2 delta units iMrifolium mattirolianumexcept inUebelinia abyssinican which there was no
data for even-chain alkanesy;sCand G, due to too little alkane present during analysis.
Andropogon amethystinusomprised the highest concentrationsbiC for alkanes & to G,
while Trifolium mattirolianumcontained the lowest concentration as carbon leimgtease from
Cost0 Gas,
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Table 4.4. Concentration 6f°C for selected forage species collected from framn@cho Primary School grazing land, Kofele

district.

Forage speci 37°C values (%o) of -alkane
C23 CZ4 CZS CZG C27 CZB C29 C3O C3l C32 033 C35

Andropogon amethystin  -23.¢ -25.¢ -20.¢ -22.& -20.C -22.¢ -19.7 -25./4 -21.% -29.1 -29.6 -24(

Brachiaria scalari -29.6 -28.¢ -29.7 -27.t -30.¢ -347 -33.C -36.4£ -34.¢ -38.1 -29.¢ -36.f
Ischaemum afru -26.6 -28.4 -22.C -26.% -21.1 -24¢ -22.C =-20.z -22.7 -21.¢ -29.C ND
Pennisetum thunber: -27.2 =28t -25<4 -25¢ -21.¢ =247 -21.1 -25.& -21.¢ -28.1 -29.7 -23.¢

Trifolium cryptopodiur -30.7 -30.1 -30.¢£ -30.t -33.C -34.: -34.¢ -36.¢ -35.z -37.C -29.C ND
Trifolium mattirolianun -30.4 -29.¢ -31.t -31.: -35.C -38.4 -37.1 -39.¢ -37.& -40.¢ -30.C ND

Trifolium tembens -30.£ -29.z -31.< -33.z -34.7 -35&t -36.€ -37.¢ -37.C -38. -29.¢ ND
Centella asiatic -29.1 -31.¢ -27<4 -33.1 -30.1 -32.¢ -28.f -30.2 -26.¢ -30.1 -29.t ND
Haplocarpha hastal -29.¢ -28.€ -28.¢ -30.7 -33.z -36.1 -34.¢ -37.7 -35¢& -37.€ -29.¢ -36.C
Uebelinia abyssinic -30.& ND -27.€ -29.7 -31.¢ -34.: -35<4 -36.& -35€ ND -29.7 ND

ND=not detected
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4.3.4. Principal component analysis

The result of the PCA showed that 81.1% of theara® in the profile of n-alkanes was
explained by the first two principal components {P&hd PC2), whereas 69.3 and 82.9% was
explained in the case of LCOH a&idC of n-alkanes, respectively (Table 4.5). The twingipal
component scores were used to present the positifmmage species in a two-dimensional space
as shown in Figure 4.1. For n-alkanes, PCA showetkesof the forage species scattering along
PC1 and PC2Haplocarpha hastata, Brachiaria scalariand the two legumesT(ifolium
cryptopodium and Trifolium tembensgattered from other species. On the other hardiwh
grasses Andropogon amethystinusnd Pennisetum thunbergji Trifolium mattirolianumand
Uebelinia abyssinicalustered close to each other. When the PCA amsalyas based on LCOH,

a distinct pattern of cluster was observed withugings observed betweéschaemum afrum
Centella asiatica, Brachiaria scalarisand Uebelinia abyssinicaWhen the PCA analysis was
depend or5**C of n-alkanes, most of the forage species studiasl separated except for the
three legumes which clustered close to each oWhlen the data from markers were combined
(n-alkanes an@*C of n-alkanes, n-alkanes and LCOH, LCOH &miC of n-alkanes and the
three markers), better scattering of forage spee@&s observed, except when n-alkanes and
LCOH combined in whichAndropogon amethystinus, Pennisetum thunbeagd Trifolium

mattirolianumclustered close to each other (Figure 4.2).

Table 4.5. The variance (%) in the pattern of aléic wax marker concentration explained by

the first two principal component scores (PC1 a@@)Hor each data set

% Variance explained k

PC1 PC: Total
n-alkane 47.¢ 33k 81.1
LCOH 41.2 27.¢ 69.2
8"C of r-alkane 65.C 17.¢ 82.¢

LCOH=long chain alcohol; PC=principal components
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Figure 4.1. Twadimensional scatter plots of pasture species fromcipal component score
(PC1 and PC2) based on individual mar.

GrassesA. amethystinusAndropogon amethystin; B. scalaris Brachiaria scalaris; 1. afrume=

Ischaemum afrumP. thunbergi=Pennisetum thunbergilegumes:T. cryptopodiur= Trifolium

cryptopodium T. mattirolianun= Trifolium mattirolianum T. tembense Trifolium tembense

forbs: C. asiatica& Centella asiatic; H. hastate& Haplocarpha hastata; U.abyssinica

Uebelinia abyssinica.
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Figure 4.2. Two-dimensional scatter plots of pastspecies from principal component scores
(PC1 and PC2) based on marker combinations.

GrassesA. amethystinusAndropogon amethystinuB. scalariss Brachiaria scalaris I. afrum=
Ischaemum afrumP. thunbergi#Pennisetum thunbergilegumes:T. cryptopodium Trifolium
cryptopodium T. mattirolianurms Trifolium mattirolianum T. tembense Trifolium tembense

forbs: C. asiatice& Centella asiatica H. hastata Haplocarpha hastata; U. abyssinca
Uebelinia abyssinica
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4.4. Discussion
4.4.1.Composition of n-alkanes, LCOH astfC of n-alkanes in the whole plants

The plant wax concentrations in the most speciadyaed in the present experiment have
not been reported in the literature as most of therendemic and indigenous to Ethiopia (Table
4.1). The n-alkane profile of the plant species beasn documented in the literature (Ferreira et
al., 2013; Lopez et al., 2015; Heublein et al.,220Also Bezabih et al. (2011b) evaluated the n-
alkane and**C of n-alkanes of forage species collected fromMii Rift Valley rangelands of
Ethiopia. In all cases, considerable variabilitysvedoserved in the n-alkane profile as well as the
isotopic enrichment of n-alkanes among the studpties. As Ali et al. (2005) observed, it is
necessary to collect location specific informatmm the marker profiles of forage species as
environmental conditions and geographical locatiomdd influence the pattern of the cuticular
wax profile of plant species growing in differenages (Samuels et al., 2008; Bezabih et al.,
2011b).

Odd-chain n-alkanes recorded in a greater condentreompared to even-chain alkanes in
the current study in line with others finding (&li al., 2005; Dove and Charmley, 2008; Bezabih
et al., 2011b). Laredo et al. (1991) suggested §XkgnDM to be the minimum requirment fort
any n-alkane to be used as a marker. The alkapean@ G; except forlschaemum afrurand
Centella asiaticdulfilled this minimum requirement for evaluateddge species. Following the
two alkanes, g alkanes recorded more than 50 mg/kg DM for thressses RPennisetum
thunbergii Andropogon amethystinndBrachiaria scalarig, Trifolium tembenséegume and
Haplocarpha hastatéorb. The dominances of alkanegse,3C3; and Gz for most species in the
forage species conforms the earlier findings (Fexret al., 2007b; Bezabih et al., 2011b), and
these alkanes tended to be suitable for diet comtnposfeed intake and digestibility estimation.
The enrichment levels 6f>C of alkanes for forage legume species in the otus®idy (—29.2%o
to —40.6%0) are in agreement with the values obthifee C3 plant species as observed by
Bezabih et al. (2011b) and Ferreira et al. (20T#4p lower enrichment level &f°C of alkanes
(=19.7%o0 to —29.8%o0) for forage grasses, exd®atchiaria scalaris in the current study supports

the earlier findings by Schweizer et al. (1999} antypical of C4 plants.
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In agreement with the previous findings (Ferreitaak, 2013; Lopez et al., 2015), huge
variability in LCOH concentration were found betweerage species in the current study which
indicates the usefulness of these compounds ag mlam markers in diet composition
estimation. Similarly, predominant even-chain coredato odd-chain LCOH reported by others
(Dove and Mayes, 2006; Ferreira et al., 2013) warserved from the present study. The
observed higher concentration of total LCOH comg@amen-alkane (Table 2 and 4) is in line

with previous reports (Ferreira et al., 2005; Gliv'et al., 2007b).

Some species which have lower concentrations dkamea had higher concentrations in
LCOH. For exampleBrachiaria scalarisgrass which was the second lowest in total LCOH
become higher in total n-alkane concentration cosgp@o others. On the other sid&jfolium
mattirolianum,which was the highest in magnitude in total LCOWaantration, had lower total
n-alkane concentration. This is an important oketgsa, as it suggests the value of using a
combination of markers to improve the discrimingtqgrower of the wax profiles in diet
composition estimation (Charmley and Dove, 20073. &result, it was possible to choose
marker types (alkanes or LCOH) for diet estimatiased on their concentration in the available
plant species (Ferreira et al., 2018entella asiatica Uebelinia abyssinicaand Ischaemum
afrum had lower concentrations of both total n-alkane &@DH, which may necessitate
evaluation of another marker to avoid lower accyrac diet estimation due to their lower
concentrations. The predominance of@H concentrations forTrifolium mattirolianum,
Trifolium tembenseand Trifolium cryptopodiumagrees with Body (1974) who observed
prevalent GoOH alcohol in white clover. Similarly, greater cemtrations of GOH in
dicotyledons than monocotyledons were obserbed lbyan et al. (1999). This indicates the
usefulness of §OH alcohol in differentiating between the dicotyd@d and monocotyledons in

forage legumes.

4.4.2. Principal component analysis

The majority of the forage species showed distpatitions along PC1 and PC2, which

showed that the level of separation between spdmssd on the respective marker profiles.
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From the present stud§:>C of n-alkanes showed relatively larger variatisneaplained by the
first two principal components and this indicatdwttd"C of n-alkanes had the greatest
variability among the studied forage species. Adota to Mayes (1998), for any compound to
meet the requirements as a diet composition mal&ege differences in the pattern of marker
concentration should exist between plants, andanymnstances plant wax hydrocarbons have
proved to be suitable.

The evaluated plant wax markers scattered andectgstforage species differently which
favours multiple markers for diet composition estiions. For instance, the three legumes
(Trifolium cryptopodium Trifolium mattirolianumand Trifolium tembenseclustered close to
each other whed™C of n-alkanes was used as a marker, but much witlen either n-alkanes
or LCOH were used. Similarly, the two grassésdropogon amethystinusnd Pennisetum
thunbergi), andTrifolium mattirolianumandUebelinia abyssinicahowed resemblance when n-
alkanes were used, but scattered when either LOGHIF® of n-alkanes were used. This trend is
in agreement with Kelman et al. (2003) and Ali &t(@005) for alkanes and alcohols and
Bezabih et al. (2011b) for alkanes a#idC of n-alkanes, who observed different plant wax
markers clustering and scattering of species diffty. Dove and Mayes (1996) postulated that
the use a single marker type for diet estimatioisted in multi-species pasture is possibly to
result less reliable diet composition estimates mamad to the utilization of multiple marker
types Similar trends were observed in the current stuglganmbining markers resulted in more
scattering of forage species compared to individualkers When many species are present in a
mixture, the chance of the presence of species siuthlar marker profile of markers would

increase.

4.5. Conclusions

The results from the current study showed hugealdity in the patterns of concentration
of n-alkanes, LCOH an@'C of n-alkanes among forage species studied froenctmtral
highlands of Ethiopia. Odd-chain n-alkanes werentbtio be greater when compared to the
subsequent even-chain alkanes, even though theseewas observed for LCOH. Most of the

inter species variances in studied forage speciee vexplained by the first two principal
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components, and the studied plant wax marker sedtend clustered forage species differently,
which favoured multiple markers for diet compositiestimations. This will allow a better
discrimination between plant species than usingroaiker alone, which shows the potential use
of multiple plant wax markers for diet compositiestimations. It can be concluded that the
variations in the patterns of concentrations oflkaaes, LCOH and**C of n-alkanes in the
current experiment could make them suitable as emarkor diet composition estimation of

grazing animals.
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CHAPTER FIVE

Estimation of feed intake and digestibility in Zebutype Arsi steers fed natural pasture

using the n-alkane technique

Abstract

An experiment was conducted to validate the useofhe-alkane technique to estimate feed
intake and digestibility in cattle under the subwnd tropical conditions. The experiment was
conducted using Zebu type Arsi steers fed natuaatyve at different levels of dry matter (DM)
intake (DMI). Eight steers, blocked into four greupased on body weight (BW), were used for
the experiment. The steers in each group were malydassigned to either a low intake (11 g
DM/kg BW) or high intake &d libitumat 50 g refusal per kg diet offered) pasture (vestssn)
and hay (dry season) diet. The steers were housedlividual pens, and each steer was dosed
twice daily for 15 days with a paper bung contain#00 mg G, alkane using a balling gun.
Steers received pasture diets twice a day (at 81@016:00 h) with half of the daily allocation
offered at each feeding. Feed intake, refusaltatad faecal outputs were recorded, weighed and
sub sampled for proximate and n-alkane concentstianalysis. The odd-chain n-alkanes
comprised the highest percentage during both wetiday seasons. The alkanes,@C3; and Gs
were present in concentrations greater than 59 gngM in the two seasons. The mean faecal
recovery rates ranged from 0.49 to 0.79 for low &62 to 0.99 for high intake group,
respectively during the wet season, whereas 0.880f for low and 0.61 to 0.9 for high intake
group during the dry season, respectively. The [OivHdictions using the double n-alkane
technique were affected by season (P<0.05) aftl feecovery correction. Thes{ICsz, and
C33/Cs; pairs accurately estimated the DMI regardless tdkim levels during the wet season.
During the dry season, the prediction for the lmtake level improved after faecal recovery
corrections, whereas that for the high intake levas accurate both with and without faecal
recovery corrections. Moreover, usingsGlkane as internal marker provided an accurate
estimate of DM digestibility (DMD) during both seeas for the low intake group. The results

obtained in this study confirm the accuracy of mhalkane markers to estimate DMI and DMD
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in cattle consuming different levels of wet andedrpasture. However, accuracy can be reduced

for digestibility estimation at higher levels otake which need further validation.

Keywords: cattle; digestibility; estimation; grazing pasturgake; n-alkane
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5.1. Introduction

Livestock serve as a source of income and foodrgg@nd are also an integral component
for most of the agricultural activities in the coyn(Mengistu et al., 2017). The performance of
animals is mainly limited by inadequate nutritiasthbin terms of quantity and quality. The main
feed resources used for livestock production indpila include natural pasture, crop residues,
improved forages and agro-industrial by-productsyleich the first two are the most important
(Tolera et al.,, 2012). Recently, the share of ratgrazing pasture at the national level as
livestock feed resource has reduced to about 5784 (@Q013b). The production performance of
grazing ruminants, within their genetic boundaridespends on the level of nutrient intake
(Tolera et al., 2012). Since providing feed for naais can represent up to 65% of total
production costs (Arthur et al2004) and also to meet nutritional requirementshef animal
(Mayes and Dove, 2000), accurate measure of fewkdnand digestibility is necessary to
evaluate production efficiency. However, estimatidrieed intake and digestibility are difficult
and complicated in grazing conditiodse to limitations of available methods of measeet
(Keli et al., 2008.

In late 1980, the n-alkanes of plant cuticular weete used as markers to indirectly estimate
feed intake (Mayes et al., 1986). The n-alkane eraté&chnique uses a combination of internal
and external markers to estimate intake (Mayesl.et1886; Dove and Mayes, 1991) and
digestibility (Unal and Garnsworthy, 1999) of thietd The advantages of the n-alkane method
over other approaches include low invasivenessyracg and the possibility of taking into
account diet-animal interactions (Dove and May@811 Mayes and Dove, 2000). In addition,
n-alkanes are chemically discrete components whielm be easily analyzed by gas
chromatography. A crucial point in the analysisaoharker is its recovery rate, which is the ratio
of the excreted concentration of that marker otaat bf the ingested amount. Dove and Mayes
(1996) explained that the error in intake estinmatie proportional to the faecal recovery
difference between the dosed and natural n-alkanes.

Different scholars support the recommendation that n-alkane method needs diet and

species specific trials to increase the accuradisgiredictions since lower faecal recovery rate
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were observed for tropical forage species comptayddmperate species (Ferreira et al., 2009;
Bezabih et al., 2012). Similarly, environmental dions and geographical locations could
influence the pattern of the cuticular wax profde plant species growing in different places
(Samuels et al., 2008). Although n-alkane technmgiéeed intake and digestibility estimation is
widely applied in other parts of the world, its idaltion was done only in the Mid Rift Valley
grassland of Ethiopia (Bezabih et al., 2012), amdhformation is available on its applications in
the highlands of Ethiopia where the pasture contiposis distinctly different from the Rift
Valley grasslands due to its sub-humid tropicabaggology. Therefore, the objectives of this
study were to measure the faecal recovery rate-aikanes from zebu type Arsi steers fed
different levels of pasture forage from the centreglhlands of Ethiopia and to validate feed
intake and digestibility estimation both during vaeid dry seasons using the n-alkane technique.
The information generated would help to build oe thool of knowledge available for wider

application under tropical conditions.

5.2. Materials and Methods

5.2.1. Study area description

This study was conducted in Kofele district, WessiAZone of Oromia Regional state,
Ethiopia situated at 7°07'N and 38°48’E at an adté of 2660 masl| during wet (December,
2017) and dry (April, 2018) seasons on GurmichenBry School grazing land (Plate 5.1). The
long term average rainfall and temperature per mnatithe district are 1800 mm and 19.5 °C,
respectively and the district has bi-modal raintifitribution with the short rain lasting from
March to May and the main rainy season extendiogpfdune to September/October. The district
is predominantly a loam soil type. The area haggh potential for the crop-livestock farming
system, where cattle and sheep are the most predomlivestock species (CSA, 2015). The
natural pasture of the experimental site is dorehdty Pennisetum thunbergandAndropogon
amethystinusand additionally consisted mainly of other grassesh aslschaemum afrum,
Sporobolus pyramidalis, Eragrostis botryodes, Pagptdclada, Helictotrichon elongatum,
Brachiaria scalaris, legumes such adrifolium cryptopodium, Trifolium mattirolianum,

Trifolium rueppellianum, Trifolium simense, Trilmih tembensesedges which includéyperus
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rigidifolius, Scleria schimperiana, Scleria hisplduand other herbs likeCentella asiatica,

Uebelinia abyssinica, Haplocarpha hastata, Satupg@adoxa and Oldenlandia monanthos.

Plate 5.1. Partial view of Gurmicho Primary Schgmzing land enclosed for five months for

controlled experiments.
5.2.2. Experimental animals and housing

The experiment was conducted in two rounds. Ttst fiias in the main rainy (wet) season
and the second during the dry season. Eight Zegbe! Ayrsi steers aged about 48 months were
purchased from the local market and used duriny eathe trial periods (Plate 5.2). For the wet
season trial, the average initial live weight o tteers was 148 £+ 9.2 kg and that for the dry
season trial was 155 + 4.8 kg. Upon arrival ateakperimental site, the steers were treated with
Albendazole to control internal parasites and fetied similar to the subsequent feeding period
ad libitumwith free access to water for 21 days. A tempoexyerimental shed was constructed

at the grazing site to provide protection to theest from strong cold weather of the highland
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area and allow individual feeding and observat®late 5.3). The shed was partitioned into 2 m
x 1.5 mpens which contained separate feeding and watémughs. The steers were handled
and maintained throughout the experiment accortbntipe experimental protocol approved by
the Animal Ethics Committee for animal researchhefUniversity of Pretoria (NAS086/2019).
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Ml Steersused during the wet season trial [
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Plate 5.2. Zebu type Arsi steers purchased froml lmarket used for controlled experiments.
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Plate 5.3.Partial view of experimental barn constructed atr@aho Primary School grazir

land for controlled experiments during wet and skgsor.

5.2.3. Experimental forages and di

Natural pasture harvested from enclosed grasslaasl wged for the current study. 1
harvested pasture diet used for the wet seasdrcdntained five forage species, whereas the
used for the dry season trial contained six forapesies (Table 5). Forthe wet season trial,
the ‘pasture’ diets were created by cutting theHrpasture daily and forming a mixture of
dominant species by excluding all sedges, forbs @hér herbs which were found in sir
quantities. For the dry season triaanding hay which was harvested and stored wasfasdide
trial. The species composition of the hay used tf@ trial was calculated based on -
determined quadts for each species composition determination duthe wet season when
forage species wereasily identified. The pasture diets were choppei— 4 cm before feeding

to the steers during the whole experimental per
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5.2.4. Experimental design and procedure

The experimental design used was a randomized etenplock design with 2 x 2 factorial
arrangement of the treatments that involves twelewof diet intake (low or high) and season
(wet or dry). Steers in each group were randongygagd to a low intake (11 g DM/kg BW) or a
high intake &d libitumat a refusal level of 50 g per kg feed offered)ty@sdiet and housed in
individual pens with individual access to feed avater (Plate 5.4)The low intake level was
considered to be equivalent to maintenance levéhtake. The experiment lasted for 15 days,
which included 5 days of adaptation and 10 day$eetling and data collection. During the
experimental period, each steer was dosed withpargaung containing 400 mgs£alkane (n-
dotriacontane) twice daily (at 6:00 h and 18:0Quking a balling gun. Steers received pasture
diets twice a day (at 8:00 and 16:00 h) with lodlthe daily allocation offered at each feeding.
Feed intake, refusal and total faecal outputs wecerded during the last 5 days of the feeding
period. The amounts of feed offered were weighewdgua scale during diet offer time (morning
and afternoon) while diet refusals were removedwaeighed once before the next day morning
feeding time. Water was provided freely by usingesiag troughs (Plate 5.5) and 20 g sodium
chloride per steer was given daily together withtewaach morning. Similar procedures were

implemented during both wet and dry season trials.
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Plate 5.4.

Partial view of controlled experimertt&armicho Primary School grazing land.
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Plate 5.5. Feeding and watering troughs used deongolled experiments.

5.2.5. Sampling and sample preparation

Samples of pasture (wet season) and hay (dry seé&sdrto each steer (200 g at each
feeding time) were taken and pooled across theftraeach intake group. Diet refusals were
collected from days 11 to 14 from each steer whath any and weighed and pooled for the four
days, and the mixed refusals were sub samplecetiecone sample per steer per experiment of
500 g fresh weight. Total faeces were collectectdéwdaily (days 13 to 15), weighed and after
being homogenized, subsamples of 200 g fresh weightollection were taken from each steer
to create one sample per steer per experimenthemical and n-alkane analysis (Plate 5.6).
Faecal samples were retained in refrigerator2&t °C during the collection period, mixed
thoroughly after all samples were collected and sarnpled to create one sample per steer per
period. Samples of feeds, refusals and faeces peetrlly dried at 60 °C in a forced draft oven

for 48 h and ground to pass through a 1 mm meghssiwe and stored in pastic bags.
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Individual s ecies

Plate 5.6. Partial view of field individual spexideed and faeces weighing.

5.2.6. Chemical analysis

Chemical compositions of feeds, refusals and faseeyples were analyzed for DM, ash,
NDF, ADF and ADL at the animal nutrition laboratoo§y Hawassa University. Crude protein
and ether extract (EE) were performed at the animagition laboratory of National Veterinary
Institute, Debre Zeit, Ethiopia. Samples were argdyfor DM (method 934.01), ash (method
942.05), EE (method 954.02) and N (method 954.(2;=CN x 6.25) by using the Kjeldahl
method according to AOAC (2006). Organic matter (Oddntent was determined as 160
%ash. Neutral detergent fibre content was detemnaueording to the method of Van Soest et
al. (1991) without adding heat stable amylase. Ab# and ADL contents were determined
according to method of Van Soest and Robertson5)13bth NDF and ADF were expressed
inclusive of residual ash.
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N-alkane extraction and analysis was conducteda@bpe nutrition laboratory of James
Hutton Institute, UK. N-alkane for feed and faesasnples were extracted and analyzed in
duplicate by GC according to the method of Dove Mtayes (2006) using n-tetratriacontane
(Cs4) as an internal standard with a minor modificatibar GC analysis, the derivatised extract
was injected (lul) into a Trace (Thermo Finnegan) gas chromatogffépdd with a splitless
injector (running in splitless mode at 275 °C, watlsplitless time of 5 min) and flame ionization
detector (FID) using helium (flow rate of 1 ml/mia} the carrier gas. The GC column was a
non-polar bonded-phase capillary type Rtx-5 MS (@930 m x 0.25 mm i.d. x 0.25n film
thickness).The temperature used for the GC column oven was’C7fdor 5 min; 30 °C/min to
210 °C; held at 210 °C for 1 min; 5.3 °C/min to 3Z0) held at 320°C for 12 min.

5.2.7. Calculations

The concentration of n-alkane was calculated adegrid the following formula:

Alkane (mg/kg DM) =10 x area % alkane Cs4 IS wt (m@)]
SDW x SR

Where G41Swt is internal standard solution (g) %4@€oncentration in standard solution (mg/g);
SDW is sample dry weight and SRE the standard response factor for alkaoc&iculated as

area % alkanen the mixed standard divided by weight % alkane¢he mixed standard.

Faecal recovery of each alkane was calculated egptbportion of ingested compound,

which was recovered in faeces as follow:

Ri= (FOxR
(DMI x I},

Where Ris the faecal recovery rate of alkari€O is the daily faecal output (kg DM), iB the
concentration of alkani faeces (mg/kg DM), DMI is the daily dry mattetake (kg), and Hs

the concentration of alkane the diet consumed (mg/kg DM).
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Feed intake was estimated by using the double amalknethod according to Mayes et al.

(1986) using the following formula:

Daily diet intake (kg DM)= ((F/F) x D)
i{F/Fx Hy),

Where Frepresents the faecal andthe herbage odd-chain alkaoencentrations (mg/kg DM),
F; resembles the faecal angl tHe herbage even-chain alkanencentrations (mg/kg DM), and
D; equals the daily dose of even-chain alkaimtake estimate were generated using batfGg
and G3/Cs; alkane pairs.

Apparent dry matter digestibility estimates weréwekted using natural & alkane as an
internal marker according to the following formula:
DMD (%) = (FGgs— DCgs)
FCss
Where FGs is the faecal ¢ concentration (corrected for incomplete recoveny) DGs is the

dietary Gs concentration.
5.2.8. Statistical analysis

The effect of feeding level, season and their adgon on the n-alkane faecal recoveries,
feed intake and DMD estimates were assessed bysialf variance using the General Linear
Model (GLM) Procedure of Statistical Analysis SystéSAS, version 9.0). Block effect was
initially included in the model but as its effecasvnot different it was removed from the final

analysis as indicated in the following model:

Yik=p+ D+ § + D*Sj + gk

Where, Yj is the dependent variablg,is the overall mean; s the fixed effect of diet (i =1 -
2), S the random effect of season (j = 1 — 2), PH%e interaction between diet and season and

gjk Is the error term. Multiple comparisons among meaese determined by Tukey test at 5%
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probability. To compare the accuracy of measuretlemtimated feed intake and DMD, paited

tests were performed.
5.3. Results
5.3.1. Proportions and chemical composition ofeékperimental diets

Chemical composition and diet proportions usedrduwet and dry season experiments are
presented in Table 5.1. The proportionsPeihnisetum thunbergwas 0.65 and 0.51 from the
total pasture used during wet and dry season erpats, respectively. SimilarlyAndropogon
amethystinusomprised 0.26 and 0.37 from the total pasture wkegthg wet and dry season
experiments respectively. Crude protein conceimtnativere 68.8 and 37.6 g/kg DM for wet and
dry season diets respectively, whereas the NDFerdrations were 697.1 and 712.4 g/kg DM
respectively, for wet and dry season diets.

Table 5.1. Forage species proportions and chemarapositions of diets used during wet and

dry season trials

Ingredients/chemical composition Wet season diet Dry season diet

Forage species proportions

Pennisetum thunbergii 0.65 0.51
Andropogon amethystinus 0.26 0.37
Ischaemum afrum 0.02 0.01
Trifolium cryptopodium 0.01 0.03
Centella asiatica 0.06 0.05
Uebelinia abyssinica - 0.03

Chemical composition (g/kg DM)

Organic matter 903.0 898.0
Crude protein 68.8 37.6
Ether extract 6.4 5.2
Neutral detergent fibre 697.1 712.4
103
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Acid detergent fibre 374.0 409.5
Acid detergent lignin 58.1 68.0

DM=dry matter

5.3.2. N-alkane concentrations and faecal recovery

The n-alkane profiles of the diets used duringekgeriments are shown in Table 5.2. The
concentrations of £ and G,are not presented as they were added to samples la¢ginning of
the analysis as internal standards for GC analyEe proportions of odd-chain n-alkanes
comprised 0.93 and 0.92 of the total alkane coniterthe diet during wet and dry season,
respectively. N-alkane such asyCGCs and Gz presented greater than 59 mg/kg DM
concentrations in the two diets and they also m#ulé.86 and 0.83 of the total odd-chain
proportion for wet and dry season diets in thateardpart from these three alkanes, other
alkanes were presented in low concentration intwleediets. Total n-alkane concentrations for
carbon chains lengths,§£Xo0 Gswere 298.6 mg/kg DM during the wet season diesffri@rage),
and 301.5 mg/kg DM during the dry season diet (dhay), excluding & as it was used as

internal standard in the alkane analyses.

Table 5.2. Concentration of n-alkanes for composéatural pasture diets used during wet and

dry season trials

Alkanes Concentration (mg/kg DM)
Wet season diet Dry season diet
Cas 2.2 2.4
Co 1.3 1.8
Cas 4.6 5.7
Ca 2.0 3.5
Cx 20.7 24.7
Cas 3.8 5.9
Cog 61.7 59.6
Cso 4.9 6.4
Ca 100.8 92.9
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Ca2 7.6 7.9

Css 77.2 76.2

Css 9.6 12.0
Total odd chain 279.0 276.0
Total 298.6 301.5

DM=dry matter

The mean faecal recoveries of n-alkanes for si@@ngded different levels of diets during
wet and dry seasons are shown in Table 5.3. Frombic®d analysis data, there were no
interactions between the level of diet provisiom &eason on faecal recovery as carbon chain
length increases ¢&to Css) except for G, but interactions were observed (P<0.05) for lower
carbon chain lengths. Similarly, interactions webserved (P=0.02) between the level of diet
provision and season on fecal recovery for odddfac@nt even-chain alkane pairs{Cs, and
C33/Csy). Faecal recovery for higher carbon chain lengths7(@2 C35 except £5) were not
affected by the level of diet provision (low or hjg but higher (P<0.05) faecal recovery was
observed for the dry season compared to the wedtoseaxcept for ¢. The mean faecal
recovery rates ranged from 0.49 to 0.79 and 0.6299 during the wet season and from 0.68 to
1.05 and 0.61 to 0.9 during the dry season, forildake and high intake groups, respectively.
Full recoveries were achieved from the presentystodCs; (1.02) and &z (1.05) for low intake
groups during the dry season. The average ratiodegt the faecal recovery of dosed even-chain
and adjacent odd-chain alkanes were 0.84 and 0:823/Cs, and 0.88 and 0.84 forzgCsy.
respectively for the low intake and high intakeugs, during the wet season trial.

Table 5.3. Mean (SD) faecal recovery of n-alkanesfficient and the ratio of dosed and
adjacent odd-chain alkanes in Zebu type Arsi degtnatural pasture at different levels of feed

provision.

Alkane Wet season Dry season P-value
LI HI LI HI D S D*S

Cxs  0.53(0.03) 0.62 (0.05) 0.68 (0.07) 0.61 (0.07) 0.63 0.03 0.01
C,a  0.49(0.04) 0.73(0.02) 0.76 (0.1) 0.65(0.05) 0.06 0.01 0.01
C»s  0.57(0.04) 0.63 (0.06) 0.80 (0.06) 0.68 (0.09) 0.50 0.01 0.02
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Cs  0.61(0.03) 0.71 (0.06) 0.84 (0.07) 0.72(0.08) 0.87 0.01 0.01
C»;  0.77(0.05) 0.77 (0.05) 0.90 (0.05) 0.79 (0.11) 0.13 0.05 0.13
Cxs  0.65(0.09) 0.72 (0.05) 0.93(0.04) 0.84 (0.11) 0.81 0.01 0.06
Cz  0.50(0.04) 0.79 (0.08) 0.99 (0.05) 0.85(0.12) 0.10 0.01 0.01
Cs  0.77(0.05) 0.80 (0.05) 0.97 (0.05) 0.89 (0.12) 0.52 0.01 0.19
Ca:  0.66(0.06) 0.67 (0.03) 1.02 (0.05) 0.88(0.12) 0.09 0.01 0.07
Cs2  0.79(0.02) 0.83(0.09) 0.84 (0.05) 0.88(0.09) 0.36 0.20 1.00
Css  0.70(0.03) 0.69 (0.05) 1.05 (0.05) 0.90 (0.13) 0.06 0.01 0.08
Css  0.73(0.03) 0.70 (0.05) 0.99 (0.07) 0.90 (0.13) 0.17 0.01 0.53
Cs/Csz 0.84 (0.06) 0.82 (0.07) 1.22(0.06) 1.0 (0.09) 0.01 0.01 0.02
CsJ/Cs» 0.88 (0.04) 0.84 (0.07) 1.25(0.06) 1.03(0.1) 0.01 0.01 0.02

D=diet (low and high intake); Hl=high intake; Llslointake; S=season (wet and dry); SD=
standard deviation.

!p-value after combined analysis.

5.3.3. Estimate of diet intake and digestibilityngghe n-alkane technique

Table 5.4 shows the actual DMI, and the estimatétl Balculated using ¢ and Gs as
internal markers according to;£fCs; and G3/Cs; pairs used for the calculations. There was no
interaction between level of diet provision andssgaon measured and estimated DMI, whereas
the level of diet provision was affect¢B<0.01) for all groups as intentionally done frdime
beginning (low and high intake provision). Seastfect was different for the measured DMI
(P=0.01) and estimated DMI (P<0.05) after faecabvery correction, but no differences were
observed before faecal recovery correction. Assgmimilar faecal recovery between adjacent
odd-and-even chain alkane pair during the wet sgasbe Gi/Cs; and Gi/Cszp pairs
underestimated DMI by 0.16 and 0.f&# low intake group and 0.18 and 0.f@ high intake
group, respectively. On the contrary, the two aékpairs accurately predicted DMI for both low
and high intake groups with only 0 to 0.01 overaations of the measured DMI after faecal

recovery correction.
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During the dry season, thesfC33 and G3/Cs; pairs overestimated DMI by 0.22 and 0.26,

respectively, for the low intake group by assunsigilar faecal recovery. After faecal recovery

correction the two alkane pairs accurately predidctee DMI with only 0.06 over estimation

from the measured DMI. On the other hand duringdityeseason, the two alkane pairgi(Css

and G3/Cs;) accurately predicted the DMI both before andrafiéecal recovery correction for

the high intake group, which did not difffrom the mean measured DMI. The coefficient

deviation of the estimated DMI from the measured IDbéfore and after faecal recovery

correction followed consistent trends during bathsons for the two alkane pairs

Table 5.4. Mean measured and estimated DMI (kg(&&3)) during wet and dry seasons by

using two different odd-to-even chain alkanes ibZg/pe Arsi steer fed natural pasture

Parameter Wet Season Dry season 'P-value
LI HI LI HI D S D*S

Measured 1.87 (01) 2.78 (0.3} 1.58 (0.1 2.29(0.3) 0.01 0.01 0.43
Estimated intake assuming similar faecal recoveries

Cz1/Ca2 1.57 (0.1 2.27 (0.43 1.93 (0.03) 2.29 (0.4) 0.01 0.17 0.25

C39/Ca» 1.65 (0.1 2.34 (0.4) 1.99 (0.03) 2.35(0.4) 0.01 0.21 0.24
Estimated intake corrected for mean faecal recofargach group

C31/Cs2 1.88 (0.2 2.82 (0.5) 1.59 (0.03) 2.29 (0.4) 0.01 0.03 0.49

C39/Ca» 1.87 (0.2 2.82 (0.5} 1.59 (0.02) 2.29 (0.3) 0.01 0.02 0.42

D=diet (low and high intake); Hl=high intake; Llslointake; S=season (wet and dry); SD=

standard deviation.
!p-value after combined analysis.

2 B\eans with the same superscripts within a coluremat different at P>0.05.

Estimated and measured DMD by using &kane as internal marker is shown in Table 5.5.

There was no interaction between levels of dietvigion and season on the measured DMD. On

the other hand, interaction between level of die/izsion and season was observed (P=0.04) for
the estimated DMD. The dry matter digestibility coeiffict was higher (P<0.01) for the wet

season compared to the dry season. Dry mattertiidjgs was accurately estimated by using
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Css alkane as internal marker after faecal recoveryection which was not different from the
measured DMD. On the contrary, DMD was differen&@®5) for measured and estimated

during both seasons for high intake group.

Table 5.5. Mean measured and predicted DMD (caeffiqSD)) by using gsas internal marker

for Zebu type Arsi steer fed natural pasture afiean faecal recovery correction

Parameter Wet season Dry season 'P-value
LI HI LI HI D S D*S

Measured  0.58 (0.03) 0.57 (0.02) 0.43(0.04) 0.50 (0.08) 0.23 001 0.11
Estimated  0.59 (0.05) 0.55(0.3) 0.43(0.03) 0.51(0.08) 042 0.01 0.04

D=diet (low and high intake); Hl=high intake; Llslointake; S=season (wet and dry); SD=
standard deviation.
!p-value after combined analysis.

2 Bvleans with the same superscripts within a colunemat different at P>0.05.

5.4. Discussion

5.4.1. N-alkane concentration and alkane faecal recovery

According to different scholars, the concentratiaisplant cuticular wax hydrocarbon
majorly composed of odd-chain molecules over 0.8hvC,, Cz; and Gz alkanes being
dominant in most pasture species (Mayes et al.5;1B8iretti et al., 2006). Our findings agree
with the previous results in which odd-chain alleaecounted for over 0.92, andy(Cs; and

Cs3 were predominant hydrocarbons as reported by @odeMayes (1991).

The incomplete faecal recovery in n-alkanes indhgent study was consistent with the
previous findings (Dove and Mayes, 1996; Elwertakét 2004; Bezabih et al., 2012). The
increases in faecal recovery rate with increasiadp@n chain length were in agreement with
previous results (Dove et al., 2002; Dove and May€d5; Bezabih et al., 2012) for both
seasons except for few alkanes during the wet adash The higher faecal recovery of alkanes
except for Gz and Gs in the high intake group compared to the low ietgkoup during the wet
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season might be due to higher feed intake in thedo group. The greater faecal recovery of n-
alkanes in the dry season than the wet seasonteocdR, is related to the lower digestibility of
the dried hay compared to fresh pasture. This msistent with the findings of Ferreira et al.
(2005) who demonstrated a negative relationshipvdxen faecal recovery and digestibility. Full
recoveries for g and Gjs for the low intake group during the dry seasonhtlae due to higher
concentrations of these alkanes in the diet as aoedpto other alkanes. Similarly Keli et al.

(2008) observed full recovery for alkanes fountiigghest concentrations in the diet.

5.4.2. Estimate of diet intake and digestibility using thalkane technique

From the present study, feed intakes were congtantlerestimated during the wet season
and inversely overestimated during the dry seaesothke low intake group when similar faecal
recovery was assumed, probably because of theegrtifferences in fecal recovery between C
and Gz compared to ¢ alkane. The present result was in line with tineliig of Bezabih et al.
(2012) who observed underestimated actual DMI bezaaf differences in faecal recovery
between adjacent alkane pairs. From the preserdriexgnt, during both seasons, estimates of
intake were much more accurate after faecal regogerrection for the adjacent n-alkanes
which confirms previous observations (Keli et aD08; Bezabih et al., 2012). Many researchers
used the gJ/Cs;, alkane pair (Mayes et al., 1986; Vulich et al.91.9Dove and Mayes, 1996) and
C31/Cs, (Ordakowski et al., 2001; Peiretti et al., 2006pending on the relative abundance of n-
alkanes in the diet which dictates the type of keia¢ used for accurate diet estimation. Our
results did not confirm the previous findings as tB3/Cs, alkane pair estimated better diet
intake during both seasons even though lower cdrad@n of Gs alkane in the diet was

observed compared ta{alkane.

The result on the use of naturals@lkane as internal marker for DMD in the currenidy
for low intake group agrees with the earlier firghrby Bezabih et al. (2012) who observed an
accurate estimate of DM and OM digestibility byngsiGss alkane as internal marker. For the
high intake group (fe@d libitum) during both seasons, the estimated DMD was diffefrom
the measured as the level of diet provision in@eas
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5.5. Conclusions

This experiment validated the accuracy of the rua¢ktechnique to estimate DMI and DMD
in Zebu type Arsi breed steer fed on wet and dhiag pasture. Regardless of the level of diet
provision and season, incomplete faecal recovevere observed for the majority of n-alkanes
evaluated. Dry matter intake was accurately es@thafter faecal recovery correction during the
wet season. The gCs;, pair accurately estimated the DMI regardless acéh recovery
correction during the dry season. Dry matter digésgy was accurately estimated by usingsC
alkane as internal marker after fecal recoveryeamtion for restriction feeding. Overall, the use
of C31/Cs2 and G3/Cs;, pairs as n-alkane technique provided a good etinfeDMI and DMD in
steers consuming different amounts of wet and dpasture after faecal recovery correction.
However, accuracy can be reduced for digestibdgfimation at higher levels of intake, which

need further validation.
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CHAPTER SIX

General conclusion, recommendation and critical edaation

6.1. General conclusion

This study aimed at characterizing the vegetattatus in terms of botanical composition,
potential nutritive value (chemical composition andiinal fermentation characteristics) of key
forage species and subsequently quantifying thetioat of grazing cattle in terms of diet
composition, feed intake and digestibility in thentral highlands of Ethiopia by using vegetation
inventory, proximate anlaysis and gas productiord plant wax markers, respectively. The
second chapter dealt with changes in vegetatiarctsie and aboveground biomass vyield in
response to traditional grazing land managementtipes to obtained detailed information on
vegetation status in the study area. The third telapvaluated chemical composition and
ruminal fermentation characteristics of selectethde species from the traditional seasonal
enclosure area. The second and third chapterswget as basic background information to the
subsequent chapters, which dealt with plant waxadterization for key forage species and
evaluating the suitability of the wax profile asnkexrs to estimate diet composition, feed intake
and digestibility in freely ranging animals. Thdldaving conclusions can be drawn from this

research for the study area:

* Mean above ground biomass yield for the grass epasas significantly lower in the
open access grazing area due to continuous undedtrstocking compared to the
enclosure area.

* The number of species recorded in the enclosureopad access grazing land area was
affected due to management practices.

* Lower crude protein and higher fibre contents walyserved for forage grasses than for
legumes, sedge and forbs.

» The key forage species characterized in the preésahshowed obserbable differences in
terms of chemical composition amdvitro fermentable parameters such as gas angd CH

production, EGP and fractional gas production (e}e
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* The volume of gas produced by the grass speciésdvasidely from species to species
and the differences in pattern between species mareonsistent for different incubation
times.

» Characterization of forage species in this studiemms of chemical composition aid
vitro fermentable parameters will serve as a sourcafofmation to improve existing
knowledge pool which helps to design appropriatstypa based feeding system and
grazing land management practices.

« Huge variability in the patterns of concentratiohnealkanes, LCOH an@'*C of n-
alkanes among forage species were observed.

* The concentrations of odd-chain n-alkanes and eham LCOH were found to be
greater compared to their subsequent even-chaian@lkand odd-chain LCOH,
respectively.

* Most of the inter species variances in forage gsestudied were explained by the first
two principal components (PC1 and PC2) and theesdyalant wax marker scattered and
clustered forage species differently, which favaumrdtiple markers for diet composition
estimations.

» Incomplete faecal recoveries were observed fomtagrity of n-alkanes evaluated and
faecal recovery correction is of paramount imparéato use n-alkanes as diet estimation
markers.

« Dry matter intake was accurately estimated by usiiegGi/Cs, and Go/Cs; pairs after
fecal recovery correction.

« Dry matter digestibility was accurately estimatgdusing Gs alkane as internal marker
after faecal recovery correction for restrictioedeng (low intake group).

» This experiment validated the accuracy of the rasaéktechnique to estimate DMI and
DMD in Zebu type Arsi breed steers fed on wet feragd dried hay from natural pasture

after faecal recovery correction.

The following recommendations are made dependintp@mesults of the present study:

* In order to maintain palatable forage species, Wwlae unable to tolerate heavy and

continued grazing, and reduce the dominance ofaaseounpalatable forage species,
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implementations of enclosure area management peactivhether rotationally grazed,
cut-and-carry or standing hay, should be of pararhonportance.

The traditional practice of seasonal enclosuregspsa important role in increasing feed
resource availability, environmental sustainabiéityd productivity of the farming system
in the study area. This is particularly importastpgiessure increases on the grazing land
because of fastly increasing population numbers arpgansion of cropping into
traditional grazing areas.

Some forage species evaluated such as theClenbella asiaticaare in higher CP, OMD,
ME, SCFA content and lower in NDF, ADF and ADL thather evaluated forage species
in the study area. However, further studies shdaddconducted regarding yield, anti
nutritional factor and actual feeding value of thecies to recommend it as a possible
forage crop for cultivation inorder to improve aminmutrition.

The plant wax components evaluated in the curremtyssuch as LCOH andf>C of n-
alkanes as the diet composition estimations coeldatidated in controlled experiments.
As observed from the current study, faecal recowenyection for the adjacent carbon
chain (dosed even- and internal odd-chain) is mangdor accurate dry matter intake
estimation.

For accurate digestibility estimation by using mted markers such as;§alkane, faecal
recovery correction is inevitable.

Accuracy of the n-alkane approach as digestib@gyimation can be reduced at higher
levels of feed intake, which needs further valiolati

6.2. Critical Evaluation

It is necessary to take in to account some impbiitsue that were not included in the

present study, but could have improved the findiagd conclusions of this study, and would

also be important for similar research that magdreducted in the future on similar topics using

the methodologies used in this study.

According to the information obtained from eldernfiers in the study area, the two

traditional grazing land management practices @muck during wet season and the
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adjacent open access grazing land) have beengaddtir more than 30 years. Longer
periods of grazing practices would be necessaoptain clear differences due to grazing
regime for some quality parameters such as soiitgyysrameters to obtain significant
change.

Vegetation sampling in individual enclosures anel ddjacent open access grazing land
were done at the end of the main rainy season ®t fi@wering. In practice, not all
botanical compositions (grass, legume, forb andi®ednd annual and perennial forage
species reached 50% flowering at the same timeestigg that there is a need for
repeated sampling and identifications.

Individual forage species in each quadrat were maband weighed fresh to measure
biomass vyield and vegetation composition, and wevaluated by analysing the
frequency, density, abundance and important valdex (IVI). The hardest part of this
work was separating forage species harvested frqoadrat into individual species and
counting each species to obtain total numbers atad humbers of each species. It is
necessary to provide adequate training for datéeaors before sampling to obtain
reliable and accurate results.

For methane measurement duringritro ruminal fermentations, 4 ml of (10 M) sodium
hydroxide was added from behind into the incubatmatents, to avoid gas escape at the
end of 48 h of incubation period and after recogdime final gas volume in the syringe.
Sodium hydroxide was added to absorb,Gkat was produced during the process of
fermentation and the remaining volume of gas wasrded as methane. Parallel
experiments were conducted at the same time fdnanetand total gas measurements, as
it was not possible to measure gas production #ftereat different time intervals due to
addition of sodium hydroxide to the incubated mater This has its own effect on the
accuracy of the measurements and comparisons dooergathe two parameters. For a
better result, another methodology in which a smathber of samples are taken during
gas production measurements and used for metharssumeenent from the same
incubated sample is of paramount importantance.

During controlled experiments, feed intake and sligdity estimation was done by using
plant wax markers in this study, and the ‘pastdiets were created by cutting the fresh

pasture daily and forming a mixture of the dominapécies by excluding all sedges,
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forbs and other herbs, which were found in smalirgities during the wet season trial.
During the dry period experiment, precautions stidnd taken as it is difficult to separate
dried forage species (hay) into different spec@amonents.

In the current study, the heart girth tape measanémwas used to predict the live weight
of steers in order to know the initial and finaldiweight due to the lack of a large
electronic scale that can be used at a field aindstmucture such as electricity for the use
of an electric scale in the grazing area. An etettr scale is the most precise and

commonly used technique to determine the weightlofe animal.

115
© University of Pretoria



&

&

@ UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA

6 YUNIBESITHI YA PRETORIA

A 4

REFERENCES

Abdalla, A.L., Louvandini, H., Sallam, S.M.A.H., @&ilva Bueno, I.C., Tsai, S.M., de Oliveira
Figueira, A.V., 2012.n vitro evaluation,in vivo quantification, and microbial diversity
studies of nutritional strategies for reducing @ntenethane production. Trop. Anim. Health
Prod. 44, 953-964ttps://doi.org/10.1007/s11250-011-9992-0

Ajayi, F.T., Babayemi, O.J., 2008. Comparativevitro evaluation of mixtures oPanicum

maximuncyv Ntchisi with stylo Stylosanthes guianengidablab {ablab purpureus Centro
(Centrosema pubescgrend Histrix Aeschynomene histjixivest. Res. Rural Dev. 20, 1-6.

Aklilu, Y., Little, P.D., Mahmoud, H., McPeak, J2013. Market access and trade issues
affecting the dry lands in the Horn of AfricBrief prepared by a Technical Consortium
hosted by CGIAR in partnership with the FA@Gvestment CentreTechnicalConsortium
Brief .

Alemu, B., Garedew, E., Eshetu, Z., Kassa, H., 2Q0Hnd use and land cover changes and
associated driving forces in north western lowlaoid&thiopia. Int. Res. J. Agr. Sci. Soil Sci.
5, 28-44.

Alemu, D., Tekletsadik, E., Yirga, M., Tareke, MQ19. Feed resources potential and nutritional
guality of major feed stuffs in Raya Kobo Distribiprth Wollo Zone, Ethiopia. International
Journal of Animal Science and Technology, 3, 20-29.
https://doi.org/10.11648/}.ijjast.20190301.13

Ali, HLA.M., Mayes, R.W., Hector, B.L., @rskov, E,R005. Assessment of n-alkanes, long-
chain fatty alcohols and long-chain fatty acids d®t composition markers: the

concentrations of these compounds in rangelandiesppdoom Sudan. Anim. Feed Sci.
Technol. 121, 257-27https://doi.org/10.1016/].anifeedsci.2005.02.026

AOAC (Association of Official Analytical Chemist2006. Official Methods of Analysisl8th
ed., Association of Official Analytical Chemistsai@hersburgs, MD.

Arthur, P.F., Archer, J.A., Herd, R.M., 2004. Feethke and efficiency in beef cattle: Overview
of recent Australian research and challenges ®ifuture. Aust. J. Exp. Agric. 44, 361-369.
http://doi.org/10.1071/ea02162

116
© University of Pretoria



&

&

@ UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA

6 YUNIBESITHI YA PRETORIA

A 4

Assefa, G., Kehaliew, A., Kebede, G., Kijora C.idPe K.J., 2015. Chemical compositian,
situ degradability andh vitro gas production of Tagasagt@hamaecytisus palmensisyage
harvested at different stages. Ethiopia. J. A@a. 25, 1-14.

Augustine, D.J., 2003. Long-term, livestock-mediatedistribution of nitrogen and phosphorus
in an East African savanna. J. Appl. Ecol. 40, 139: https://doi.ord/10.1046/j.1365-
2664.2003.00778.x

Babayemi, O.J., Bamikole, M.A., 2006. EffectsTaphrosia candid®C leaf and its mixtures
with Guinea grass on the vitro fermentation changes as feed for ruminants in Ngé&ak.

J. Nutr. 5, 14-18.

Bard, K. A., Coltorti, M., DiBlasi, M. C., Dramig;., Fattovich, R., 2000. The environmental
history of Tigray (Northern Ethiopia) in the middiad late Holocene: A preliminary outline.
Afr. Archaeol.Rev. 17, 65-86.

Behnke, R., Metaferia, F., 2011. The contributidrivestock to the Ethiopian economy — part
II. IGAD LPI Working Paper 02-11. IGAD Livestock Polityitiative.

Belsky, A.J., 1992. Effects of grazing, competitidisturbance and fire on species composition

and diversity in grassland communities. J. Veg. .Sci3, 187-200.
https://doi.org/10.2307/3235679

Benin, S., Pender, J., 2006. Collective actionammunity management of grazing land: The
case of the highlands of Ethiopia. Environ. Deworecl1, 127-149.

Bewket, W., 2002. Land cover dynamic since the $96Chemoga watershed, Blue Nile basin,
Ethiopia. Mt. Res. Dev. 22, 263-269.

Bezabih, M., Pellikaan, W.F., Hendriks, W.H., 201WUsing n-alkanes and their carbon isotope
enrichments§-*C) to estimate the botanical composition of pastobees from the Mid Rift
Valley grasslands of Ethiopia. Livest. Sci. 142823D4.

Bezabih, M., Pellikaan, W.F., Tolera, A., Hendrikg,H., 2011b. Evaluation of n-alkanes and
their carbon isotope enrichments'C) as diet composition markers. Animal 5, 57-66.

https://doi.org/10.1017/S1751731110001515

Bezabih, M., Pellikaan, W.F., Tolera, A., Hendrik8,H., 2012. Estimation of feed intake and

digestibility in cattle consuming low-quality tragail roughage diets using molasses-based n
alkane boluses. Anim. Feed Sci. Technol. 177, 1a1n-1
http://dx.doi.org/10.1016/j.anifeedsci.2012.08.014

117
© University of Pretoria



&

&

@ UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA

6 YUNIBESITHI YA PRETORIA

A 4

Bilotta, G.S., Brazier, R.E., Haygarth, P.M., 200fe impacts of grazing animals on the quality
of soils, vegetation, and surface waters in intezlgimanaged grasslands. Adv. Agron. 94,
237-280 https://doi.org/10.1016/S0065-2113(06)94006-1

Birhanu, A., 2014. Environmental degradation anchaggment in Ethiopian highlands: Review

of lessons learned. International Journal of Emnmental Protection and Policg, 24-34.
https://doi.org/10.11648/}.ijepp.20140201.14

Body, D.R., 1974. Neutral lipids of leaves and "eshTrifolium repens Phytochemistry, 13,
1527-1530.

Bogale, S., 2004. Assessment of livestock prodoctigstems feed resource base in Sinana

Dinsho district of bale highlands, Southeast OronM&c.Thesis, Alemaya University, Dire
Dawa, Ethiopia.

Bouyoucos, G.J., 1962. Hydrometer method improweedrfaking particle size analysis of soils.
Agron. J. 54, 464-46%ttp://dx.doi.org/10.2134/agronj1962.0002196200 B850 28x

Brady, N.C., Weil, R.R., 1999 he nature and properties of s¢il2th ed.). Print Ice Hall: Upper
Saddle River, NJ, USA.

Bremner, J.M., Mulvaney, C.S., 1982. Nitrogen-t¢ta 595-624). In: Page AL (EdMethods

of Soil Analysis Part 2.Chemical andMicrobiological Properties American Society of

Agronomy, Soil Science Society of America.

Brosh, A., Henkin, Z., Rothman, S.J., Aharoni, ®rlov, A., Arieli, A., 2003. Effects of faecal
n-alkane recovery in estimates of diet compositioAgtic. Sci. 140, 93-100.

Bugalho, M.N., Dove, H., Kelman, W., Wood, J.T.,ya, R.W., 2004. Plant wax alkanes and
alcohols as herbivore diet composition markerRahge Ecol. Manag. 57, 259-268.

Bugalho, M.N., Mayes, R.W., Milne, J.A., 2002. Thé#ects of feeding selectivity on the
estimation of diet composition using thelkane technique. Grass Forage Sci. 57, 224-231.

Charmley, E., Dove, H., 2007. Using plant wax meske estimate diet composition and intakes
of mixed forages in sheep by feeding a known amotiatkane labelled supplement. Aust. J.
Agric. Res. 58, 1215-1225ttps://doi.org/10.1071/AR7187

Chopra, S.L., Kanwar, K., 1976Analytical agricultural chemistry Kalyani University

Publishers: New Delhi, India.
CSA (Central Statistical Agency), 2012. Livestockldivestock characteristics 2008-09 (Private
peasant holdings). Statistical Bulletin No. 446dA&dAbaba, Ethiopia.

118
© University of Pretoria



&

&

@ UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA

6 YUNIBESITHI YA PRETORIA

A 4

CSA (Central Statistical Agency), 2013Ropulation projections for Ethiopia, 2007—2037
http://www.csa.gov.et/census-report/population-gctpns
CSA (Central Statistical Agency), 2013b. FederaimbDeratic Republic of Ethiopia. Agricultural

sample survey, report on livestock and livestockrabteristics (private peasant holdings).

CSA (Central Statistical Agency), 2018. Federal Deratic Republic of Ethiopia. Agricultural
Sample Survey 20017/18, report on livestock anesliock Characteristics (Private Peasant
Holdings), Statistical Bulleti®87 (1), Central Statistical Agency.

CSA (Central Statistics Agency), 2015. Agricultusample survey report on area and production
of crops (private peasant holdings, 'meher' seaswhjis Ababa, Ethiopia, volume 1 pp.
9-10.

Curtis, J.T., McIntosh, R.P., 1951. An upland foi@mtinuum in the prairie-forest border region
of Wisconsin. Ecology32, 476-496http://dx.doi.org/10.2307/1931725

Denekew, Y., Tamir, B., Melaku, S., 2005. Effecthafvesting date on composition and yield of
natural pasture in north western Ethiopia. Trop. &8, 19-22 https://doi.org/10.1002/ts.40

Ding, L.M., Long, R.J., 2010. The use of herbagelkanes as markers to estimate the diet
composition of Yaks on the Qinghai-Tibetan Platessian-Aust. J. Anim. Sci. 23, 61-67.
Dove, H., 1992. Using the n-alkanes of plant cléicwax to estimate the species composition

of herbage mixtures. Aust. J. Agric. Res. 43, 1TT24.

Dove, H., 2010. Keynote: Assessment of intake aetl @bmposition of grazing livestock. In:
Bowman, J.G.P., Waterman, R.C. (ed¥)oceedings of the 4th Grazing Livestock nutrition
conferenceBW Hess, DelCurto, T., West. Sect. Am. Soc. An8ui., Champaign, IL, pp.
31-54.

Dove, H., Charmley, E., 2008. Using the alkanesland-chain alcohols of plant cuticular wax
to estimate diet composition and the intakes ofeatiforages in sheep consuming a known
amount of alkane-labelled supplement. Animal 2, 414385.
https://doi.org/10.1017/S1751731108002735

Dove, H., Mayes R.W., 2006. Protocol for the analysf n-alkanes and other plant-wax

compounds and for their use as markers for quamgifithe nutrient supply of large
mammalian herbivores. Nature Protocols. 1, 168Q0-697
https://doi.org/10.1038/nprot.2006.225

119
© University of Pretoria



&

&

ﬁﬁ UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA

6 YUNIBESITHI YA PRETORIA

A 4

Dove, H., Mayes, R.W., 1991. The use of plant wikarees as marker substances in studies of
the nutrition of herbivores: a review. Aust. J. &gr Res. 42, 913-952.
https://doi.org/10.1071/AR9910913

Dove, H., Mayes, R.W., 1996. Plant wax componeatsew approach to estimating intake and
diet composition in herbivores. J. Nutr. 126, 134#6ps://doi.org/10.1093/jn/126.1.13

Dove, H., Mayes, R.W., 2005. Using n-alkanes ariteroplant wax components to estimate

intake, digestibility and diet composition of gnmagibrowsing sheep and goats. Small
Ruminant Res9, 123-139https://doi.org/10.1016/j/smallrumres.2005.05.016
Dove, H., Mayes, R.W., Freer, M., 1996. Effectsspécies, plant part, and plant age on the n-

alkane concentrations in the cuticular wax of p&splants. Aust. J. Agric. Res. 47, 1333-
1347.

Dove, H., Mayes, R.W., Lamb, C.S., Ellis, K.J., 20Factors influencing the release rate of
alkanes from an intra-ruminal, controlled-releaseice, and the resultant accuracy of intake
estimation in sheep. Aust. J. Agric. Sci. 53, 686-@ttps://doi.org/10.1071/AR01175

Dove, H., Moore, A.D., 1995. Using a least-squangtsmisation procedure to estimate botanical

composition based on the alkanes of plant cutioubat. Aust. J. Agric. Res. 46, 1535-1544.

Dove, H., Olivian, M., 1998. Using synthetic or baax alkanes for estimating supplement
intake in sheep. Animal Production in Australi@, 189-192.

du Toit, C.J.L., van Niekerk, W.A., Meissner, H.HErasmus, L.J., Morey, L., 2018. Nutrient
composition andn vitro methane production of sub-tropical grass speciegainsitional
rangeland of South Africa. Rangel. J. 40, t8s://doi.org/10.1071/RJ17057

Duguma, B., Tegegne, A., Hegde, B.P., 2012. Smidindivestock production system in Dandi
district, Oromia Regional State, central Ethiofob. Vet. 8, 472-479.

Duressa, D., Kenea, D., Keba, W., Desta, Z., BE&kil eta, G., Tolera, A., 2014. Assessment of
livestock production system and feed resourcedahbikliy in three villages of Diga district,
Ethiopia. p. 27.

Ebro, A., 2015. Changes in grazing land managemmedtimplications on livestock production
in west Shoa zone. International Livestock Resehnstitute (ILRI), Nairobi, Kenya.

Eccard. J.A., Walther, R.B., Milton, S.J., 2000. wdivestock grazing affects vegetation
structures and small mammal distribution in the isemd Karoo. J. Arid. Environ. 46, 103-
106.

120
© University of Pretoria



&

&

@ UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA

6 YUNIBESITHI YA PRETORIA

A 4

Ehui, S., Benin, S., Williams, T., Meijer, S., 20@=od security in Sub-Saharan Africa to 2002,
socio-economic and policy research working paper ldgrnational Livestock Research
Institute (ILRI), Nairobi, Kenya. pp. 60.

Elwert, C., Dove, H., Rodehutscord, M., 2006. Bffet roughage species consumed on faecal
alkane recovery in sheep and effect of sample dryieatment on alkane concentrations.
Aust. J. Exp. Agric. 46, 771-776.

Elwert, C., Kluth, H., Rodehutscord, M., 2004. Effef variable intake of alfalfa and wheat on
faecal alkane recoveries and estimates of roughmgke in sheep. J. Agric. Sci. 142, 213-
223.https://doi.org/10.1017/S0021859604004.150

ESAP (Ethiopian Society of Animal Production), 2008ommercialization of Livestock

Agriculture in Ethiopia. Tamrat Degefa and Fekedyissa (Eds). Proceedings of the 16th
Annual conference of the Ethiopian Society of AnirRaoduction (ESAP) held in Addis
Ababa, Ethiopia, October 8 to 10, 2008. Part llhrecal Session. ESAP, Addis Ababa 329
pp.

FAO (Food and Agricultural Organization), 2018. &aand livelihoods spotlight: Cattle sectors
in Ethiopia. Africa Sustainable Livestock 205tp://www.fao.org/3/I8676EN/i8676en.pdf

FAO (Food and Agricultural Organization), 2019. Tlature of livestock in Ethiopia.
Opportunities and challenges in the face of uncegtaRome. pp. 48.

FDRE (Federal Democratic Republic of Ethiopia), @0Growth and Transformation Plan I
(2015/16-2019/20). Volume I: Main Text. Addis Abapa. 236.

Ferreira, L.M.M., Celaya, R., Garcia, U., RodrigudsA.M., Osoro, K., 2009. Differences
between domestic herbivores species in alkane Ifascaveries and the accuracy of
subsequent estimates of diet composition. Anim.dF&ei. Technol. 151, 128-142.
https://doi.org/10.1016/].anifeedsci.2008.11.003

Ferreira, L.M.M., Celaya, R., Santos, A.S., Falkq, Guedes, C., Rodrigues, M.A.M., Osoro,

K., 2011. The utilization of long-chain fatty acids markers for diet composition estimates

in ruminants: Effects of animal species, diet cosifpan and marker combination. Grass and
Forage Sci. 66, 183-195.
Ferreira, L.M.M., Celaya, R., Santos, A.S., MayR3V., Rodrigues, M.A.M., Osoro, K., 2013.

Application of long-chain alcohols as diet compiositmarkers in sheep fed on grass—white

121
© University of Pretoria



&

&

@ UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA

6 YUNIBESITHI YA PRETORIA

A 4

clover and heather—gorse plant species. Grass aondagdé Sci. 70, 30-43.
https://doi.org/10.1111/gfs.12083
Ferreira, L.M.M., Daniel, J.B., Celaya, R., Sant#sS., Osoro, K., Rodrigues, M.A.M.,

Pellikaan, W.F., 2014. Utilization of carbon isatopnrichments3{*C) of alkanes as faecal

markers to estimate diet composition of goats fatth Wweath land vegetation. Anim. Feed
Sci. Technol. 191, 26-38ttp://doi.org/10.1016/].anifeedsci.2014.02.004
Ferreira, L.M.M., Garcia, U., Rodrigues, M.A.M. @gh, R., Dias-da-Silva, A., Osoro, K.

2007b. The application of the n-alkane techniqueestimating the composition of diets

consumed by equines and cattle feeding on uplagdtagon communities. Anim. Feed Sci.
Technol. 138, 47-6(ttps://doi.org/10.1016/|.anifeedsci.2006.11.007
Ferreira, L.M.M., Garcia, U., Rodrigues, M.A.M., lI@ga, R., Dias-da-Silva, A., Osoro, K.,

2007a. Estimation of feed intake and apparent tlghty of equines and cattle grazing on

heathland vegetation communities using the n-alkaraekers. Livest. Sci. 110, 46-56.
https://doi.org/10.1016/).livsci.2006.09.026

Ferreira, L.M.M., Oliv'an, M., Garcia, U., RodriggyeM.A.M., Osoro, K., 2005. Validation of
the alkane technique to estimate diet selectiomazfts grazing heather-gorse vegetation
communities. J. Sci. Food Agric. 85, 1636-164ifps://doi.org/10.1002/jsfa.2162

Feyisa, F., 2013. Evaluation of feed resourcesamsgssment of feeding management practices

and productivity of dairy cattle in the central hignds of Ethiopia. PhD thesis, National
Dairy Research Institute, karnal-132001 (Haryahadia.

Fievez, V., Babayemi, O.J., Demeyer, D., 2005.n&atiion of direct and indirect gas production
in syringes: A tool to estimate short chain fattgidaproduction that requires minimal
laboratory facilities.  Anim. Feed Sci. Technol 123, 197-210.
https://doi.org/10.1016/j.anifeedsci.2005.05.001

Frank, D.A., McNaughton, S.J., Tracy, B.F., 199&heTecology of the earth’'s grazing
ecosystemsBio Sci8, 513-521https://doi.org/10.2307/1313313

Froman, B. and Persson, S., 1974. An illustrateiflegio the grasses of Ethiopia. CADU

(Chilalo Agricultural Development Unit).
Fuhlendorf, S.D., Engle, D.M., 2001. Restoring hmgeneity on rangelands: Ecosystem

management based on evolutionary grazing patterepropose a paradigm that enhances

122
© University of Pretoria



&

&

ﬁﬁ UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA

6 YUNIBESITHI YA PRETORIA

A 4

hterogeneity instead of homogeity to promote bimalgdiversity and wildlife habitat on
rangelands grazed by livestock. Bioscience 51, &2%-

Funte, S., Negesse, T., Legesse, G., 2010. Feedrces and their management systems in
Ethiopian highlands: The case of Umbulo Wacho watexd in Southern Ethiopia. Trop.
Subtrop. Agroecosystems 47-56.

Gao, Y.Z, Giese, M., Lin, S., Sattelmacher, B.a@hY., Brueck, H., 2008. Belowground net
primary productivity and biomass allocation of aggland in Inner Mongolia is affected by
grazing intensity. Plant Sa#07, 41-50https://doi.org/10.1007/s11104-008-9579-3

Gebregergs, T., Tessema, Z.K., Solomon, N., Birh&ne€019. Carbon sequestration and soil

restoration potential of grazing lands under exales management in a semi-arid
environment of northern Ethiopia. Ecology and etioy 9, 6468-6479.
https://doi.org/10.1002/ece3.5223

Gebremedhin, H., Gebresamual, G., Abadi, N., Haleam, M., Teka, K., Mesfin, S., 2017.

Conversion of communal grazing land into arablelland its impacts on soil properties and

vegetation cover. Arid Land Res. Manag. 32, 236-252
https://doi.org/10.1080/15324982.2017.1406412

Gemeda, B.S., Hassen A., 2014.vitro fermentation, digestibility and methane productain

tropical perennial grass species. Crop Pasture S5, 479-488.
http://dx.doi.org/10.1071/CP13450

Gemiyo, D., Hassen, A., Kocho, T., Birhanu, T., &8sZ., Jimma, A., 2013. Chemical
composition and digestibility of major feed resagdn mixed farming system of southern
Ethiopia. World Appl. Sci. J. 26, 267-275.
https://doi.org/10.5829/idosi.wasj.2013.26.02.1456

Geremew, G., Negesse, T., Abebe, A., 2017. Assegrsofievailability and nutritive values of

feed resources and their contribution to livestocitrient requirements in Chire District,
Southern Ethiopia. Agric. Res. Technol. 7, 1-5.
https://doi.org/10.19080/ARTOAJ.2017.07.555720

Getachew, G., Blummel, M., Makkar, H.P.S., Beckkr, 1998. In vitro gas measuring

techniques for assessment of nutritional qualitieefls: A review. Anim. Feed Sci. Technol.
72, 261-281https://doi.org/10.1016/S0377-8401(97)00189-2

123
© University of Pretoria



&

&

ﬁﬁ UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA

6 YUNIBESITHI YA PRETORIA

A 4

Getachew, G.PePeters, E.J., Robinson, P.H., 20Bvvitro gas production provides effective
method for assessing ruminant feedalifornia Agriculture pp 54-58.

Giger-Reverdin, S., Duvaux-Ponter, C., Sauvant, Nbastin, O., Do Prado, I.N., Mller, R.,
2002. Intrinsic buffering capacity of feedstuffsiim. Feed Sci. Technol. 96, 83-102.

Gizachew, L., 2002. Crude protein and mineral staififorages grown on pelvic vertisol of
Ginchi, central highlands of Ethiopia. PhD dissota Presented to the University of the
Free State, Bloemfontein.

Gizaw, S., Ebro, A., Tesfaye, Y., Mekuriaw, Z., NMska, Y., Hoekstra, D., Gebremedhin, B.,
Tegegne, A., 2017. Feed resources in the highlah@hiopia: A value chain assessment
and intervention option&.IVES Working Paper 27. Nairobi, Kenya, Interna@bmhivestock
Research Institute (ILRI).

Grime, J.D., 1973. Control of species diversitjherbaceous vegetation. J. Environ. Manage. 1,
151-167.

Gryseels, G., 1988. Role of livestock on a mixecl#mlder farms in the woredas near Debre
Birhan. A PhD dissertation Presented to Wagenindagricultural University, The
Netherlands. p. 249.

Gurmessa, K., 2021, Management and utilization times of natural pasture in Western
Ethiopia. J. Agric. Sci. Food Technol. 7, 147-153&tps://dx.doi.org/10.17352/2455-
815X.000102

Habtemicael, M., Yayneshet, T., Treydte A.C., 20Rdsponses of vegetation and soils to three

grazing management regimes in a semi-arid highfangd crop-livestock system. Afr. J.
Ecol. 53, 75-82https://doi.org/10.1111/aje.12185

Hailu, H., 2017. Analysis of vegetation phytosoogital characteristics and soil physico-

chemical conditions in Harishin rangelands of eastdthiopia. Land 6, 1-15.
https://doi.org/10.3390/land6010004
Hameleers, A., Mayes, R.W., 1998. The use of nrakato estimate herbage intake and diet

composition by dairy cows offered a perennial rgsgfwhite clover mixture. Grass Forage
Sci. 53, 164-169.

Hammer, @., Harper, D.A., Ryan, P.D., 2001. PASdlebntological statistics software package
for education and data analysis. Palaeontola Electr p. 9.

124
© University of Pretoria



&

&

@ UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA

6 YUNIBESITHI YA PRETORIA

A 4

Hassen, A., Ebro, A., Kurtu, M., Treydte, A.C., POLivestock feed resources utilization and
management as influenced by altitude in the cehtgiilands of Ethiopia. Livest. Res. Rural
Dev. 22, 1-18.

Heublein, C., Sudekum, K.H., Gill, F.L., Dohme-Mgi&., Schori, F., 2017. Using plant wax
markers to estimate the diet composition of gratfodstein dairy cows. J. Dairy Sci. 100,
1019-1036https://doi.org/10.3168/jds.2016-11494

Holechek, J.L., Pieper R.D., Herbel, C.H., 20B&nge management principles and practices
(5th edn). Upper Saddle River: Pearsuantice Hall.

Hurni, H., Abate, S., Bantider, A., Debele, B., LuH., Portner, B., Yitaferu, B., Zeleke, G.,

2010. Land degradation and sustainable land maregeim the highlands of Ethiopia. In:

Hurni H, Wiesmann U (eds); with an internationabgp of coeditorsGlobal Change and
Sustainable Development: A Synthesis of Regionaériences from Research Partnerships.
Perspectives of the Swiss National Centre of Coemuet in Research (NCCR) North South,
University of Bern, Vol. 5. Bern, Switzerland: Geapghica Bernensia.

Hurni, H., Tato, K., Zeleke, G., 2005. The implicats of changes in population, land use, and
land management for surface runoff in the uppee Idsin area of Ethiopia. Mt. Res. Dev.
25, 147-154.

Hussein, A., 2017. Farming system and traditiomatgland management practices: The case of
Kofele district, Western Arsi Zone. MSc thesis, Hasa University, Hawassa, Ethiopia.

IBC (Institute of Biodiversity Conservation), 200fstitute of Biodiversity Conservation,
national biodiversity strategy and action plan, &wownent of the Federal Democratic
Republic of Ethiopia, vol. 11%ittps://doi.org/10.1016/S0006-3495(96)79498-5

Jeddi, K., Chaieb, M., 2010. Changes in soil properand vegetation following livestock

grazing exclusion in degraded arid environmentsSotith Tunisia. Flor&05, 184-189.
https://doi.org/10.1016/}.flora.2009.03.002
Jutzi, S., Haque, |. and Abate Tedla, 1987. Thedyetion of animal feed in the Ethiopian

highlands: Potential and limitations. pp. 141-142.Proceedings the first national livestock
improvement conference. Addis Ababa Ethiopia, 11F&B. 1987, Institute of Agricultural
Research (IAR).

125
© University of Pretoria



&

&

@ UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA

6 YUNIBESITHI YA PRETORIA

A 4

Kebede, G., Assefa, G., Feyissa, F., Mengistu2B816a. A review on some management and
improvement practices of natural pasture in the anid high altitude areas of Ethiopia. Int. J.
Livest. Res. 6, 1-14.

Kebede, G., Assefa, G., Feyissa, F., Mengistu2816b. Seed yield and yield components of
vetch species and their accessions under nitoswl vantisol conditions in the central
highlands of Ethiopia. Int. J. Dev. Ré5.8692-8701

Keli, A., Andueza D., de Vega, A., Guada, J.A., 00alidation of the n-alkane and NIRS
techniques to estimate intake, digestibility anet domposition in sheep fed mixed lucerne:
ryegrass diets. Livest. Sci. 119, 42-6#ps://doi.org/10.1016/j.livsci.2008.02.011

Kelman, W., Bugalho, M.N., Dove, H., 2003. Cutigulaax alkanes and alcohols used as

markers to estimate diet composition of she@pig arie3. Biochem. Syst. Ecol. 31, 919-
927.https://doi.org/10.1016/S0305-1978(03)00081-4
Kitaba, A., 2003. Effects of stage of harvesting &rtilizer application on dry matter yield and

quality of natural grass land in the high landsnofth Showa. MSc Thesis, School of
Graduate Studies, Alemaya University, Alemaya, dfila.

Kitaba, A., Tamir, B., 2005. Effects of harvestifrgquency and nutrient levels on natural
pasture in the central highlands of Ethiopia. Ti®gi. 45, 77-82.

Kotb, A.R., Luckey, T.D., 1972. Markers in nutrtioNutrition Abstracts and Reviews 42, 813-
845.

Laredo, M.A., Simpson, G.D., Minson, D.J., OrpinGG 1991. The potential for usimgalkanes
in tropical forages as a marker for determinatibdrg matter intake by grazing ruminants. J.
Agric. Sci. 117, 355-361.

Lewis, J., Freitas, F., 198Rhysical and chemical methods of soil and wateryasng Food and
Agriculture Organization (FAO): Rome, Italy. pp.227

Lippke, H., 2002. Estimation of forage intake byninants on pasture. Crop Sci. 42, 869-872.

Lépez C.L, Celaya, R., Santos, A.S., Rodrigues, .M.AOsoro, K., Ferreira, L.M.M., 2015.
Application of long-chain alcohols as faecal masker estimate diet composition of horses
and cattle fed with herbaceous and woody speciesim&® 9, 1786-1794.
https://doi.org/10.1017/S1751731115001196

126
© University of Pretoria



&

&

ﬁﬁ UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA

6 YUNIBESITHI YA PRETORIA

A 4

Macoon, B., Sollenberger, L.E., Moore, J.E., Stapl€é.R., Fike, J.H., Portier, K.M., 2003.
Comparison of three techniques for estimating trade intake of lactating dairy cows on
pastureJ. Anim. Sci81,2357-2366.

Makkar, H.P., 2005.In vitro gas methods for evaluation of feeds containing gthgmicals.
Anim. Feed Sci. Technol. (123-124), 291-302.
https://doi.org/10.1016/j.anifeedsci.2005.06.003

Mann, J., Stewart, P.G., 2003. KikuyRennisetum clandestinyrmtake determined by alkanes

administered in a xantham gum suspension. S. A&kniin. Sci. 33, 27-31.

Mayes, R.W., 1998. New potential markers for deteimg diet composition. Proceeding of the
IXth European intake workshop held at the Institatfe Grassland and Environmental
Research North Wyke, UK, pp. 63-66.

Mayes, R.W., Beresford, N.A., Lamb, C.S., Barnétt,., Howard, B.J., Jones, B.E., Eriksson,
O., Hove, K., Pederson, @., Staines, B.W., 1994velNapproaches to the estimation of
intake and bioavailability of radiocaesium in ruanits grazing forested areas. Sci. Total
Environ.157, 289-300.

Mayes, R.W., Dove, H., 2000. Measurement of dietantrient intake in free-ranging
mammalian herbivores. Nutr. Res. Rev. 13, 107-138.

Mayes, R.W., Dove, H., Chen, X.B., Guada, J.A.,5l98dvances in the use of faecal and
urinary markers for measuring diet composition,blage intake and nutrient utilization in
herbivores. In Recent Developments in the NutritiérHerbivores, Proceedings of the"lV
International Symposium on the Nutrition of Herbies. In: Journet, M., Grenet, E., Farce,
M.H., The'riez, M., Demarquilly, C (eds,), pp. 38@6. Paris: INRA editions.

Mayes, R.W., Lamb, C.S. 1984. The possible use-akanes as indigestible faecal markers.
Proc. Nutr. Soc. 43, 39A.

Mayes, R.W., Lamb, C.SColgrove P.M., 1986. The use of dosed and herbage n-akase
markers for the determination of herbage intake. Agric. Sci. 107, 161-170.
https://doi.org/10.1017/S0021859600066910

Meissner, H.H., Zacharias, P.J.K., Reagai, N.RQDQ. Forage quality (feed value). In: Tainton

N.M. (ed.). Pasture management in South Afriddietermaritzburg: University of Natal
Press., pp. 139-168.

127
© University of Pretoria



&

&

ﬁﬁ UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA

6 YUNIBESITHI YA PRETORIA

A 4

Mekuria, W., Mekonnen, K., Thorne, P., Bezabih, Mamene, L., Abera, W., 2018.
Competition for land resources: driving forces andnsequences in crop-livestock
production systems of the Ethiopian highlands. EcdProcess. 7, 1-15.
https://doi.org/10.1186/s13717-018-0143-7

Melaku, S., Aregawi, T., Nigatu, L., 2010. Chemicabmposition, in vitro dry matter

digestibility andin saccodegradability of selected browse species usediasahfeeds under
semi-arid conditions in  Northern Ethiopia. Agrofor.Syst. 80, 173-184.
https://doi.org/10.1007/s10457-010-9295-x

Melesse, A., Steingass, H., Schollenberger, M.,dRatkcord, M., 2017. Screening of common
tropical grass and legume forages in Ethiopia fairt nutrient composition and methane
production profile in vitro. Trop. Grassh, 163-175 https://doi.org/10.17138/TGFT(5)163-
175

Mengistu, A., 2002. Forage production in Ethiogdacase study with implications for livestock
production, Ethiopian Society of Animal Producti®&SAP), Addis Ababa, Ethiopia.

Mengistu, A., 2004. Pasture and forage resourcélggoof Ethiopia. Food and Agricultural
Organization (FAO), Addis Ababa, Ethiopia. pp. 19.

Mengistu, A., 2006. Pasture and forage resourcéilgsoof Ethiopia. Ethiopia/FAO. Addis
Ababa, Ethiopia.

Mengistu, A., Kebede, G., Feyissa, F., Assefa,2817. Review on major feed resources in
Ethiopia: Conditions, challenges and opportuniteesad. Res. J. Agri. Sci. Res. 5, 176-185.
https://doi.org/10.14662/ARJASR2017.013

Mengistu, T., Teketay, D., Hulten, H., Yemshaw, 2Q05. The role of enclosures in the

recovery of woody vegetation in degraded dry laitidities of central and northern Ethiopia.
J. Arid. Environ. 60, 259-28https://doi.org/10.1016/j.jaridenv.2004.03.014

Menke, K.H., Steingass, H.,1988. Estimation ofehergetic feed value obtained from chemical

analysis and gas production using rumen fluid. ArfRes. Dev28, 7-55.

Mero, R.N., Udén, P., 1998. Promising tropical gessand legumes as feed resources in Central
Tanzania. lll. Effect of feeding level on digeslitlyi and voluntary intake of four grasses by
sheep. Anim. Feed Sci. TechndQ, 79-95https://doi.org/10.1016/S0377-8401(97)00073-4

128
© University of Pretoria



&

&

@ UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA

6 YUNIBESITHI YA PRETORIA

A 4

Milchunas, D.G., Lauenroth, W.K., 1993. Quantitateffects of grazing on vegetation and soils
over a global range of environments. Ecol. Monogr63, 328-366.
https://doi.org/10.2307/2937150

Mishra, R., 1968.Ecology work boak Calcutta, New Delhi: Oxford and IBH Publishing

Company.

Mwendera, E.J., Mohamed Saleem, M.A., Woldu, Z.9719Vegetation response to cattle
grazing in the Ethiopian highlands. Agric. EcosysE&nviron. 64, 43-51.
https://doi.org/10.1016/S0167-8809(96)01128-0

Navarro-Villa, A., O'Brien, M., Lépez, S., Boland,.M., O’Kiely, P., 2011.In vitro rumen
methane output of red clover and perennial ryegesssayed using the gas production
technique (GPT). Anim. Feed Sci. Technol. 168, 152-164.
https://doi.org/10.1016/j.anifeedsci.2011.04.091

Ndambi, O.A., Wassink, G., Nagassa, M., 2018. kiferation of hay production on natural

Ethiopian pastures through application of manure agnthetic fertiliser.Dairy BISS
Research Brief 02. Wageningen Livestock Reseaktageningen University and Research.

Njeru, E., Grey, S., Kilawe, E., 2016. Eastern édriclimate-smart agriculture scoping study:
Ethiopia, Kenya and Uganda. Food and Agriculturajaaization (FAQO), Addis Ababa,
Ethiopia.

Norton, B.W., 1982. Differences between speciesonage quality. In: Hacker JB (ed.), In
nutritional limits to animal production from pases. Proceeding of an International
Syposium held at St. Lucia, Queensland, Austradliagust, 24-28, 1981. Farnham Royal,
UK: Commonwealth Agricultural Bureaux, pp. 89-110.

Nyssen, J., Frankl, A., Zenebe, A., Deckers, JesBo, J., 2015. Land management in the
Northern Ethiopian highlands: Local and global perdives; past, present and future. Land
Degrad. Dev. 26, 759-764.

O’Connor, T.G., Kuyler, P., Kirkman, K.P., Corcordd., 2010. Which grazing management
practices are most appropriate for maintaining ivierdity in South African grassland? Afr.
J. Range Forage Sci. 27, 67-Fi@ps://doi.org/10.2989/10220119.2010.502646

Olivian, M., Dove, H., Mayes, R.W., Hoebee, S.R99 Recent developments in the use of
alkanes and other plant wax components to estinrdke and diet composition in

herbivores. Revista Portuguesa de Zootecnia, \2b.1-

129
© University of Pretoria



&

&

@ UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA

6 YUNIBESITHI YA PRETORIA

A 4

Oliv'an, M., Ferreira, L.M.M., Celaya, R., Osoro,,R007a. Accuracy of the n-alkane technique
for intake estimates in beef cattle using differeampling procedures. Livest. StD6, 28-
40.

Olivian, M., Ferreira, L.M.M., Garci'a, U., Celay®., Osoro, K., 2007b. Application of n-
alkanes as diet composition markers in grazing/bnogv goats and sheep: effect of using
different faecal recovery corrections and plantcggse grouping approaches. Aust. J. Agric.
Res. 58, 1013-1022.

Oliveira, D.E.D., Silva, S.C.D., 2007. Alkanes asrkers in nutritional studies with wild
ruminant and non-ruminant animals. Scientia Agacé¥, 657-662.

Olsen, S.R., Cole, C.V., Watanabe, F.S., Dean,,1854. Estimation of available phosphorus
in soils by extraction with sodium carbonate. USDicular 939, 1-19.

Ordakowski, A.L., Kronfeld, D.S., Holland, J.L., Hmeaves, B.J., Gay, L.S., Harris, P.A., Dove
H., Sklan, D., 2001. Alkanes as internal markersdtimate digestibility of hay or hay plus
concentrate diets in horses. J. Anim. Sci. 79, 1HD.
https://doi.org/10.2527/2001.7961516x

@rskov, E.R., McDonald, L.M., 1979. The estimatafrprotein degradability in the rumen from

incubation measurement weighted according to raggassage. J Agric. Sci. 92, 499-503.
https://doi.org/10.1017/S0021859600063048

Osuji, P.O., Nsahlai, 1.V., Khalili, H., 1993. Feddvaluation. ILCA Manual 5. ILCA
(International Livestock Centre for Africa), Addiébaba, Ethiopia.

Papanastasis, V.P., 2009. Restoration of degraceing lands through grazing management:
can it work? Restor. Ecol. 17, 441-44%tps://doi.org/10.1111/].1526-100X.2009.00567.x
Parker, W.J., Gillingham, M.P., Hanley, T.A., 1983 accurate technique for estimating forage

intake tractable animals. Can. J. Zool. 71, 1462-65
Peiretti, P.G., Meineri, G., Miraglia, N., MucciflieM., Bergero, D., 2006. Intake and apparent

digestibility of hay or hay plus concentrate didetermined in horses by the total collection
of feces and n-alkanes as internal markers. LiveS§ci, 100, 189-194.
https://doi.org/10.1016/j.livprodsci.2005.08.016

Pellikaan, W.F., Verstegen, M.W.A., Tamminga, Sjk&ra, J., Hendriks, W.H., 2018"*C as a
marker to study digesta passage kinetics in runsnancombinedh vivo andin vitro study.
Animal, 7, 754-767.

130
© University of Pretoria



&

&

ﬁﬁ UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA

6 YUNIBESITHI YA PRETORIA

A 4

Penning, P.D., Hooper, G.E., 1985. An evaluatiorthef use of short-term weight changes in
grazing sheep for estimating herbage intake. Gfassge Sci. 40, 79-84.

Phillips, D.L., Gregg, J.W., 2003. Source partitign using stable isotopes: coping with too
many sources. Oecologia 136, 261-26$os://doi.org/10.1007/s00442-003-1218-3

Piasentier, E., Boloventa, S., Malossini, F., 200tk n-alkane concentrations in buds and leaves
of browsed broadleaf trees. J. Agric. Sci. 135,-320Q.

Piasentier, E., Sacca, E., Bovolenta, S., 200¢tady selection and ingestive behaviour of

fallow deer and sheep grazing on adjacent monaedltof white clover and tall fescue.
Small Ruminant Res. 71, 222-238tps://doi.org/10.1016/J.SMALLRUMRES.2006.07005
Pielou, E.C., 1969An introduction to mathematical ecologyew York: John Wiley and Sons.
https://doi.org/10.1002/bimj.19710130308
Pokharel, A., Chhetri, M., Upadhyaya, C.P., 200ffedts of grazing on plant species diversity

and above ground biomass in a Trans-Himalayan Ramg@i@Banko Janakaril7, 25-28.
Pucheta, E., Bonamici, I., Cabido, M, Diaz, S.,2@elowground biomass and productivity of
a grazed site and a neighboring ungrazed exclasuee grassland in central Argentina.
Austral Ecol. 29, 201-20&ittps://doi.org/10.1111/].1442-9993.2004.01337.X
Rota, A., Sperandini, S., 2010. Integrated cropdteck farming systems. Livestock Thematic

Papers - Tools for Project Design. Internationahdréor Agriculture DevelopmeniKAD).
Rome. p. 8.

Samuels, L., Kunst, L., Jetter, R., 2008. Sealitaptpsurfaces: cuticular wax formation by
epidermal cells. Annu. Rev. Plant Biol. 59, 683-707
https://doi.org/10.1146/annrev.arplant.59.103006209

SAS (Statistical Analysis System), 20(8tatistical Analysis System/GLM Softwahestitute
Inc., Cary, NC, USA.

Schweizer, M., Fear, J., Cadisch, G., 1999. IsetdpiC) fractionation during plant residue

decomposition and its implications for soil orgamatter studies. Rapid Communications in
Mass Spectrometry 13, 1284-1290.

Seifu, Y., Habte, M., Alayu, S., 2011. The demogiagransition and development nexus in
Ethiopia: Real dividend of burden? In: Teller, A.CHailemariam, A. (Eds.),The

Demographic transition and development in AfricaeTunique case of Ethiopipp. 69-88.

131
© University of Pretoria



&

&

@ UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA

6 YUNIBESITHI YA PRETORIA

A 4

Selamawit, D., Yeshambel, M., Bimrew, A., 2017. éssment of livestock production system
and feed balance in watersheds of North AchefetribisEthiopia. J. Agric. Environ. Int.
Dev. 111, 159-174ttps://doi.org/10.12895/jaeid.20171.574

Shannon, C.E, Wiener, W., 1968he mathematical theory of communicatidgrbana, IL:

University of lllinois Press.

Sibbald, A.M., Davidson, G.C., Mayes, R.W., 200fie& of dosing regime on intake estimation
using then-alkane technique in sheep fed pelleted grass rde8ici. Food Agric. 80, 1206-
1210.

Singh, G.P., Oosting, S.J., 1992. A model for dbsty the energy value of straws. Indian dairy
man XLIV, pp. 322-327.

Singh, S., Kushwaha, B.P., Nag, S.K., Mishra, A8ingh, A., Anele, U.Y., 2012n vitro
ruminal fermentation, protein and carbohydrate tfomation, methane production and
prediction of twelve commonly used Indian greerag@s. Anim. Feed Sci. Techndl78, 2-
11. https://dio.org/10.1016/j.anifeedsci.2012.08.019

Solomon, A., 2003. Livestock marketing in Ethiopfreview of structure, performance, and

development initiatives. Ethiopia Livestock MarkegiAuthority 52.

Steel, R.G.D, Torrie, J.H.. 198Brinciples and procedures of statistics. A biontetiiapproach
(2nd edn). McGraw-Hill, New York, USA, pp. 20-90.

Sternberg, M., Gutman, M., Perevolotsky, A,, Undab., Kigel, J. 2000. Vegetation response
to grazing management in a Mediterranean herbaceoosmunity: a functional group
approach. J. Appl. Ecol. 37, 224-23ittps://doi.org/10.1046/].1365-2664.2000.00491 .x

Suha Uslu, O., Kurt, O., Kaya, E., Kamalak, A., 80ffect of species on chemical

composition, metabolizable energy, organic matigestibility and methane production of
some legume plants grown in Turkey. J. Appl. AnirRes. 46, 1158-1161.
https://doi.org/10.1080/09712119.2018.148Q0485

Taddese, G., Mohamed Saleem, M.A., Abyie, A., Wagrfe, 2002. Impact of grazing on plant

species richness, plant biomass, plant attribune ,sail physical and hydrological properties
of wvertisol in east African highlands. Environ. Mae. 29, 279-289.
https://doi.org/10.1007/s00267-001-0014-2

132
© University of Pretoria



&

&

@ UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA

6 YUNIBESITHI YA PRETORIA

A 4

Tadesse, G., Peden, D., 2003. Livestock grazingaétpn vegetation, soil and hydrology in
tropical highland watershed areas. Internationaksiock Research Institute (ILRI), Addis
Ababa, Ethiopia.

Tamminga, S., Robinson, P.H., Meijs, S., Boer,1989. Feed components as internal markers
in digestion studies with dairy cows. Anim. Feeil $echnol. 27, 49-57.

Teague, W.R., Dowhower, S.L, Baker, S.A., Haile, NeLaune, P.B., Conover, D.M., 2011.
Grazing management impacts on vegetation, soilabatd soil chemical, physical and
hydrological properties in tall grass prairie. AgriEcosyst. Environ. 141, 310-322.
https://doi.org/10.1016/j.agee.2011.03.009

Tegegne, A., 2004. Urban livestock production aeddgr in Addis Ababa, Ethiopia. Urban
Agriculture Magazine (The Netherlands) 12, 31-32.

Tegegne, A., Feye, G., 2020. Study of selectedstoek innovations in Ethiopia. In: Christian

Borgemeister, Joachim von Braun, Manfred DenicHi, Siellmacher, and Eva Youkhana
(eds.).zef Center for Development Research, UniversiBooin. Working Paper, 192.

Tessema, Z., Ashagre, A., Solomon, M., 2010. Botncomposition, yield and nutritional
quality of grassland in relation to stages of hatiwg and fertiliser application in the
highlands  of  Ethiopia.  Afr. J. Range Forage Sci27, 117-124.
https://doi.org/10.2989/10220119.2010.530460

Tessema, Z.K., de Boer, W.F., Baars, R.D., Prin$). H, 2011. Changes in soil nutrients,
vegetation structure and herbaceous biomass ilmmesgo grazing in a semi-arid savanna of
Ethiopia. J. Arid Environ. 75, 662-670ttps://doi.org/10.1016/j.jaridenv.2011.02.004

Thompson, J.E., Wiseman, J., 1998. Comparison leeivieanium dioxide as an inert marker

and total collection in the determination of diggifity of components in diets fed to pigs. In:
Proceedings of the British Society of Animal Saeiienicuik: British Society of Animal
Science.

Tibbo, M., 2000. Livestock production constraints a M2-2 sub-agroecological zone with
special reference to goat production. In: MerkelC RAbebe, G. and Goetsch, A.L. (eds.).
The Opportunities and Challenges of Enhancing @oadluction in East Africa. Proceedings
of a conference held at Debub University, Awasghiogia from November 10 to 12, 2000.
E (Kika) de la Garza Institute for Goat Resear@mdston University, Langston, OK pp. 92-
106.

133
© University of Pretoria



&

&

ﬁﬁ UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA

6 YUNIBESITHI YA PRETORIA

A 4

Tiscornia, G., Jaurena, M., Baethgen, W., 2019vdbs, process, and consequences of native
grassland degradation: Insights from a literat@iew and a survey in Rio de la Plata
grasslands. Agronomy 9, 1-2itips://doi.org/10.3390/agronomy9050239

Tolera, A., 2007. Feed resources for producing gxgoality meat and livestock in Ethiopia,
examples from selected Woredas in Oromia and SNig®mal states. Ethiopia Sanitary and
Phytosanitary Standards and Livestock and Meat &tanrg Program (SPS-LMM). Addis
Ababa, Ethiopia.

Tolera, A., 2009. Livestock feed supply situationgthiopia. In: Degefa, T., Feyissa , F. (Eds).
Commercialization of livestock agriculture in Etpia: Proceedings of the feannual
conference of the Ethiopian Society of Animal Pratthn (ESAP) held in Addis Ababa,
Ethiopia, October 8-10, ESAP, Addis Ababa, Ethiopia

Tolera, A., Yami, A., Alemu D., 2012. Livestock teeesources in Ethiopia: Challenges,
opportunities and the need for transformation. @tsi Animal Feed Industry Association,
Addis Ababa, Ethiopia.

Unal, Y., Garnsworthy, P.C., 1999. Estimation dake and digestibility of forage based diets in
group-fed dairy cows using alkanes as markers. @ricA Sci. 33, 419-425.
https://doi.org/10.1017/S0021859699007.145

Valiente, O.L., Delgado, P., de Vega, A., Guad#.,J2003. Validation of the n-alkane

technique to estimate intake, digestibility andt diemposition in sheep consuming mixed

grain: roughage diets. Aust. J. Agric. Res. 54,-803.

Van Soest, P.J., 1994utritional ecology of ruminants2nd ed.; Cornell University Press:
Ithaca, NY, USA.

Van Soest, P.J., Robertson, B.J., 1985. Analysisrafje and fibrous feeds. A laboratory manual
for animal science 613. Cornell University, Ithaaw York, USA.

Van Soest, P.J., Robertson, J.B., Lewis, B.A., 188dthods of dietary fibre, neutral detergent
fibre, and nonstarch polysaccharides in relatioarional nutrition. J. Dairy Sci. 74, 3583-
3597.

Velasquez, A.V., 2017. Evaluation of internal andeenal markers for estimating dry matter

intake and digestibility in cattle. Doctoral digs¢ion, Universidade de Séao Paulo.

134
© University of Pretoria



&

&

ﬁﬁ UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA

6 YUNIBESITHI YA PRETORIA

A 4

Venter, Z.S., Hawkins, H.J., Cramer, M.D., 2021.eBadefoliation frequency and severity
influence plant productivity? The role of grazingamagement and soil nutrients. Afr. J.
Range Forage Sci. 38, 141-1856ps://doi.org/10.2989/10220119.2020.1766565

Vetter, S., Bond, W.J., 2012. Changing predictdrspatial and temporal variability in stocking

rates in a severely degraded communal rangelandd Lbegrad. Dev. 23, 190-199.
https://doi.org/10.1002/Idr.1076

Vulich, S.A., O’riordan, E.G., Hanrahan, J.P., 199ke of n-alkane for the estimation of
herbage intake in sheep: accuracy and precisidheoéstimates. J. Agric. Sci. 116, 319-323.
https://doi.org/10.1017/S0021859600077.741

Walkley, A., Black, I.A., 1934. An examination dig Degtjareff method for determining soil

organic matter, and a proposed modification ofcheomic acid titration methodoil Sci
37, 29-38https://doi.org/10.1097/00010694-193401000-00003

Walters, R.J.K., Evan, E.M., 1979. Evaluation ofasivsampling techniques for estimating
herbage intake by grazing sheep. Grass Forag8488i/-44.

Wegi, T., Hassen, A., Bezabih, M., Tolera, A., 20Z0hanges in vegetation structure,
aboveground biomass and soil quality in responsgattitional grazing land management
practices in the central highlands of Ethiopia. .Ar Range Forage ScB7, 1-11.
https://doi.org/10.2989/10220119.2020.1815083

Wei, L., Hai-Zhou, H., Zhi-Nan, Z., Gao-Lin, W., 20. Effects of grazing on the soil properties

and C and N storage in relation to biomass allonat an alpine meadow. J. Soil Sci. Plant
Nutr. 11, 27-39https://doi.org/10.4067/S0718-95162011000400003

Woldu, Z., Mohamed Saleem, M.A., 2000. Grazing o®tl biodiversity in the highland eco
zone of East Africa. Agric. Ecosyst. Envirod9, 43-52.https://doi.org/10.1016/S0167-
8809(99)00141-3

Yayneshet, T., Eik, L.O., Moe, S.R., 2009a. Thes@l of exclosures in restoring degraded
semi-arid vegetation in communal grazing lands onthrern Ethiopia. J. Arid Environ. 73,
542-549 https://doi.org/10.1016/j.jaridenv.2008.12.002

Yayneshet, T., Eik, L.O., Moe, S.R., 2009b. Seakseadation in the chemical composition and
dry matter degradability of exclosure forages ia femi-arid region of Northern Ethiopia.
Anim. Feed Sci. Technol. 148, 12-38tps://doi.org/10.1016/j.anifeedsci.2008.02.003

135
© University of Pretoria



&
UNIVERSITEIT VAN PRETORIA
. UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

A 4

Yeshaneh, E., Wagner, W., Exner-Kittridge, M., Leggs D.Bloschl, G.,2013. Identifying land
use/cover dynamics in the Koga catchment, Ethidpeemy multi-scale data, and implications
for environmental change. ISPRS Int. J. Geo-Inf. 2, 302-323.
https://doi.org/10.3390/ijgi2020302

Zegeye, Y., 2003. Challenges and opportunitiesvektock marketing in Ethiopia. Iffhe 10th

Annual Conference of Ethiopian Society of Animabdection (ESSAP)Addis Ababa,
Ethiopia. pp. 47-54.
Zobel, D.B., Behan M.J., Jha, P., Yadav, U.K.R, 7498 practical manual for ecologyRatna

book distributors, Kathmandu, Nepal.

136
© University of Pretoria



