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Abstract

Feeding behavior of goats on natural pasture waliest during three consecutive seasons of the gegrrainy
and post-rainy. Concurrently, observations werear@udthe availability of five browse forages byldaling their
phenological phases.

Availability of browse forages components (greeaviss, litter, flowers and fruits/pods) varied wiltle species
phenological stage. Acacia raddiana, Balanitesatéapa and Ziziphus mauritiana showed a long cgotapared
to A. laeta and A. seyal, which lost their leavasye In general, browse forage in terms of gresveés, litter and
fruits/pods was available from July to March. Tlusage was particularly beneficial from DecembeMarch
when herbaceous biomass decreases in quantityuatityqThe feeding behavior of goats varied acogdo
forage availability. The main activity of goats waewsing, 40% of their grazing time in rainy seasad 60% in
dry season. Grazing was the second activity witteaimum (22 to 38%) in the rainy season, from Jaly
September. Resting time was high in dry seasoh,awhaximum in March, probably due to high tempees.
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Introduction

In tropical dry countries, livestock productionisportant for the farmers and for the country
economy. Burkina Faso has a significant livestpogulation: 7.3 million heads of cattle, 6.7
of sheep and 10 of goats, according to the natidresdtock census (MRA 2004). The Sahelian
zone has the largest numbers, 20.6 % of cattle, 4#48heep and 17% of goats (MRA 2004).
The animals are kept mainly in extensive productigstem on natural pastures.

Burkina Faso and other Sahelian countries faceringal problem of feed shortage in the arid
and semi-arid areas. Degradation of natural ressurcompetition between humans and
livestock and the rainfall variability inherent tbe arid and semi-arid areas, are the main
constraints affecting animal productivity.

Animal numbers are increasing, especially in theeBan zone where the carrying capacity is
largely exceeded (MRA, 1997). A study on herbaceocmger dynamics showed important
decrease in production as early as January, froto 88 % according to pasture type (Ouattara
2004). The diversity of browse species with thegthrof their production cycle, the variety of
feed components (fresh and dry leaves, flowersfrauitd/pods) and the high content of protein
and some minerals, constitutes a key resourcer&azirgg animals especially in the dry season,
insofar they are less dependent on rainfall coegbtr herbaceous plants.

However, the contribution of browse depends orattiimal species and their feeding behavior.
Cattle and sheep, as grazers, prefer herbaceaus,phehile goats, as browsers, prefer browse
species. The study of Sanon et al (2007) showedgibats spent 43, 44.6 to 52 % of time
browsing in rainy, post rainy and dry seasons,aetiygely, versus 4.8, 6.4 and 28% for sheep
and 4.5, 3.9 and 6.6% for cattle. As stated byn8itave (2000), this ability allows goats
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survive and to produce in hard situations with fe&d availability and quality, lack of water
and excessive heat.

This study aimed to assess the relation betweenfgeding behavior and the availability of
natural browse fodders in a Sahelian area, thr@aughonitoring of feeding behavior and the
species phenology.

Material and methods

The study was undertaken in the Regional CentiEnefronmental and Agricultural Research

(CRREA) at Katchari, in the Sahelian area, NorthBofrkina Faso. The station is located

between 13°55" and 14°05’ N and 0° and 0°10°'W witttie north Sahelian agro-climatic zone

(Fontes and Guinko 1995), characterized by a showy season from June to September (300
mm to 600 mm of rain), followed by a long dry seasbaracterized by Harmattan dry wind,

which blows NE to SW, with a cool and dry periodrfr November to February and a hot

period from March to May with maximum temperatureaching 45° C in April.

The vegetation is of the steppe type, with shrulid taees. Forest galleries are found along
riversides and in some parts ligneous species oray fore or less penetrable bush (e.g. tiger
bush). The most common ligneous species founddratha areAcacia nilotica A.senegal, A.
laeta, A.seyal Balanites aegyptiaca, Boscia senegalenS@mmiphora africanaPterocarpus
lucensandGrewia flavescensThe grass cover is sparse and dominated by agrasdes such
asAristida mutabilis Cenchrus biflorusndSchoenefeldia gracilis.

The human population is mainly composed by the daikmnous Fulani people who have

livestock keeping as their main activity followed éropping. The main species kept are cattle,
sheep, goats, camel, donkey and poultry. Goatsnaneerically more important and kept

mainly by poor farmers as first step toward therfiog a sheep herd and a cattle herd later.

Data collection

Two consecutive studies were undertaken. The firas the monitoring of goat feeding
behavior on pasture during different seasons mabiefluctuation of feed availability. The

second study concerned the phenology of five maowse species, followed by repeated
measurements of the herbaceous biomass.

Feeding behavior study

A farmer’s herd of Sahel type goats with animalglitierent ages was observed in the natural
pastures during the successive seasons: rainy {dulyeptember), post rainy (October to
December) and dry (January to March-April). Thedhkehavior was recorded during three
consecutive days per month. From 6 am to 6 pm, kétp of stop watch, the activities of one
selected animal for the day were recorded everynirfutes. The activities registered were
grazing, browsing fresh leaves or litter, wateringninating, resting and walking. A Global

Positioning System (GPS) was used to determinedbedinates of the feeding paths.

Study of species phenology

Five woody species, prevalent in the pastures etiidivere consideredscacia raddiana, A.
laeta, A. seyal, Balanites aegyptia@adZiziphus mauritianaAccording to a previous study in
the same area (Sanon 2002), raddianaconstituted 94% of woody species on the glacis
pasture; andA. laeta and Balanites aegyptiacavere more abundant on sandy soil pastures
representing 6% and 14% of the woody flora, re$pelgt A. seyalandZiziphus mauritiana
constituted on average 18% and12 % of woody fledawland pasture respectively.

Individual plants of each species were chosen ¢akito account their height: [<1m], [1 — 3m],
[3-5m], [5-7m], [>7m] and they were protected against browsiity wire fence
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Three plants were chosen per height class, reguitinl2 individuals ofA. laeta and Z.
mauritiana (since no trees were found in the highest rank) &b individuals for the other
species. Records were taken of the phenology, 2084 to May 2002, by scoring the
development of leaves, flowers and fruits everyoedcweek. The leaf phases were divided
into four stages: leafless, the beginning (leafsbtadopen buds <50%), fully leafed or optimum
foliation (50-100% leaves) and foliation end (leavdrying and falling). The three stages
recorded in the flowering phase were: the beginffilogal buds to <25% of open flowers), full
flowering (>50% of open flowers) and flowering efdry flowers and shedding of floral
elements). For fructification the three stages w#re beginning (25 to 50% of fruits); full
fructification (>50% fruits mature); and fructifitan end (fruits dried and falling). A stage was
only recorded if at least 2 of the 3 individualglie height class were in this stage. The results
were presented in a phenogram.

Seasonal dynamics of herbaceous biomass

The herbaceous biomass on pasture types, wheresbrmplants were selected, was evaluated
during 5 months from November to March. Each mogthrandom locations of 1 m2 were
chosen in each pasture type and the herbaceous$sarut at about 5 cm above the soil.

Statistical analysis

The data were analyzed using the General LineareM@@LM) procedures of Minitab
Program Version 14 (Minitab 2002). Means, which vebo significant differences at the
probability level ofP < 0.05, were compared using Tukey’s pairwise coisparprocedures.
The data from the behaviour study and the herbacbmmass production were submitted to
one way analysis of variance according to the modet p +o; + g with Y; the dependant

variable, p the general mean,the effect of season (behavior study) / pastupe fpiomass)
and e the residual.

Results
Phenology of browse species

The species phenograms studied are presenteduneFlig All the species started the foliation
after the first rain in June. The time between timset of flushing and full foliation was
approximately 1 to 1.5 monthA. laetaandA. seyalere the first to lose the leaves by the end
of the rains in October, and the shedding of leavas such that by the end of December, all
trees were leafless. The leavesfofraddianastarted falling in November and finished until
February, depending on the individuak. aegyptiacaand Z. Mauritiana kept their leaves
longer. Their leaves started falling in Februany &y March the defoliation was total far
Mauritiana, while for B. aegyptiacait continued until April — May, with some individis
starting immediately a new foliation. On average, foliation phase lasted 5 to 6 monthsAor
laetaandA. seyal 6 to 7 months foA. raddiana,8 to 9 months foZ. mauritiang and 9 to 10-
11 months foB. aegyptiacaA. laetaandB. aegyptiacalowered beforeA. raddianaandZ.
mauritiang for this last species, flowers appeared in fathge by August. seyaldid not bear
flowers or fruits during study period.

Overall, the fruiting phase started in August —t8eyer and lasted on average 6 to 7 months
for A. raddiana Z. mauritianaandB. aegyptiacaand 5 months foA. laeta For all species, the
small individuals <1m did not bear flowers or fajinor did the class 2 #f. laeta A. raddiana
andB. aegyptiaca
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Figure 1. Phenogram of the species studied

Herbaceous biomass dynamics

Paged of 9

The figure 2 shows the evolution of biomass prodacirom November to March on the

studied pasture types.

The biomass production in November was signifigahther in lowland pasture (1718 kg/ha
DM) compared to the other pasture types and thegtemsture had the lowest value (289 kg/ha
DM). This tendency remained as the season advanagaast-rainy and dry. Overall, there was
a decrease in biomass availability with the seagsemasying with pasture types. From
November to March, the rate of biomass disappearamms 54% in the glacis pasture, 84% in
sandy soil pasture and 79% in hollow pasture. Hepective speeds of disappearance were

1.05 kg/day, 2.88 kg/day and 9.1 kg/day.
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Figure 2. Variation of herbaceous biomass in different pastypes

Feeding behaviour of goats on natural pasture

During the study period, 1136 observations wereanad9 in the rainy season, 377 in the post
rainy season and 410 during the dry season. Thehgoad was enclosed at night for security
reasons. The time spent on pasture varied fromlD twours in rainy season to11 hours in the
post rainy and dry seasons.

Description of the grazing paths

The grazing path varied according to the fodderilabéity. During the rainy season, the
herder directed the animals towards the glacislawthnd pastures, far from croplands areas,
which were protected with thorny branches. Duritg tpost rainy season, the forage
availability diversified and they were importantagities of crop residues available, especially
cereals straws. During this period goats consumffdreht forage resources with a marked
preference for browse forages. During the dry seath® goats were first directed towards the
glacis pasture, seeking dry leaves and pods of iAcgmecies, especially. raddiana After
watering them at the village borehole, they weneetato the depression and sandy soil
pastures, where residual biomasses still existednding most of the time there. At last,
harvested cropland areas were used.

Feeding behaviour

Table 1 shows the proportion of time spent by geatiking, watering, resting and ruminating
during different seasons. The time spent grazirgy lowsing leaves and litter is shown in

figure 3.
Table 1. Activities (without feeding) of goats on pastu® ¢f time spent)
Rainy seaso Post rainy seaso Dry seasot SE Prob.
Walking 13,9 20,7¢ 10,4£2 1,21 0.000
Watering 1,56 3,1 2,203 0,42 0.04
Resting 1,98@ 5,530 7,07 1,0¢ 0.01
Ruminating 8,4(@b 13,57 3,650 1,7¢ 0.00¢

abe Means in the same row with different superscrpesdifferent at p < 0.C

Walking
This activity includes going to and returning fra@stures and searching for feed. It va
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from 10% to 21% of the time spent and was at maririmuthe post rainy season. At this
period, crop residues were abundant and most dfelks had mature fruits/pods (especially
Acacia species) which fell down regularly, encoimggyoats to move more in search for this
supplemental feed.

Watering

The time devoted to watering was small comparaather activities and varied significantly
from the rainy season (1.6%) to the post rainy@@é3.2%). This activity was more or less
under the control of the herder. During the raiegson goats drank in small water points in the
pastures themselves. At the end of the rainy sedlsese water sources quickly dried and the
animals were watered either from the village boleloo from shallow wells dug mainly in the
bed of the natural water point. Animals were waldweice a day, at about 8.00 and at about
3.00 pm.

Ruminating and resting

Resting and ruminating occurred alternatively. Tihe spent by goat in ruminating was
maximum in the post rainy season and differed Sagritly from the dry season.
Controversially, goats rested more during the égssn and less during rainy season. In the
dry season the feed availability was low and teroees were high, thus, goats spent most of
their time resting.

Grazing

It also included feeding on crop residues. Thigvagtpresented a pick during the rainy season
with 32.6% of time spent on pasture. At this timerbaceous cover was abundant and of high
nutritive value. Grazing time decreased signifibaimt post rainy (5%) and dry seasons (16%).

Browsing

Browsing was the first activity during all seasoltsaried from 40% in rainy season to 60% in
dry season. Browsing leaves was the most impoatetivity during the rainy season as all trees
were in full foliation. With the falling of dry leees and fruit/pods in post rainy and dry
seasons, consuming litter become quite importare.time devoted to this activity varied

much between seasons: 3%, 22% and 40% in rainyyg@ioy and dry seasons, respectively.
The overall feeding time was low in post rainy seab7%) compared to rainy (74%) and dry
season (77%).
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Figure 3. Feeding activities of goats on pasture durinfediint seasons
(Means of activities between seasons with diffetettérs are significantly different)
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Discussior

Phenological phases varied between and within epeatcording to the height classes.
Hiernaux et al (1994) distinguished five phenolagiypes of Sahelian trees and shrubs,
varying in foliation length and the leaf renewatipd. The species in the present study can be
divided into two groups depending on the foliatiength: A. leata and A. seyal as deciduous
since they lost their leaves early and B. aeguatiar Z. mauritiana as semi-deciduous since
they kept leaves longer. Semi-deciduous specia$lehges in short periods, having the ability
to use water sources in deep layers or closeiteasystem; they reduce water loss during the
dry season thanks to their scleromorphic leavesBpet al 1998). Many factors influence the
phenological pattern of woody species, but the rimogbrtant is water availability (Borcherf
1994; Pavon and Briones 2001). Relative air humpidioil type, plant water storage capacity
and temperature are also involved.

A. seyaldid not produce flowers during the study. Piotak{1980) also reported blooming
irregularities in this species, reporting only tmdividual plants from five with fruits in 1978
and 1979. The same authors stated that the foliglimse oB. aegyptiacdasted over a year
with a reduction of leaf density during the dry rtiem

In general, all species bore leaves from the béginof the rainy season, and from June-July
until September—October, all were in full foliatiand fruiting. The foliation, flowering and
fruiting overlapped between September and Febrliatie middle of the dry season
(February—March) almost all the trees entered mg@eaf vegetative rest, hence there was a
considerable decrease in browse fodder availability

Although limited to one year observations, thigigtgives a fair idea on browse availability,
lasting almost 10 months per year. The variabdftphenological phases coupled with the
diversity of browse species clearly indicated thvedamental role of this component for animal
feeding in the arid zones.

Browse fodder provides animals feed rich in proged vitamins at a period where herbaceous
forage is in the form of straw, with low nutritivelue. The chemical composition of the leaves
and fruits/pods of A. raddiana, studies by San®922 showed crude protein content of

19.6%.

With regard to herbaceous biomass production, #heéeg obtained in the different pasture
types were low compared to the results by Sanoc@g){1LT his difference could be explained by
late period of measurement (November), but alsthbyheavy utilization of forages during the
rainy season. The decrease in production with tarebe explained by animal presence, but
also by the senescence of mostly annual plantgjdition to losses due to wind and insects
(termites). Facing this decrease in herbaceousadility, all the animals fall back on browse
fodders, especially on pods, to meet their maimeaaequirements.

The results on goat feeding behavior were in a@urd with many studies. Nianogo (1997)
noted that goats spent 38—67% of their time brogvsirthe Sahel of Burkina Faso. Cissé et al
(2002), noted the variation of goat diet compositi@tween seasons, with the contribution of
ligneous species increasing after the rainy sedsmm, 16% in October, to a peak in January
(95%) and in July (96%) then decreasing to 5% ipt&aber, corresponding to maximum
herbaceous intake. Sanon et al (2007) showed tizas greferred browse species when
herbaceous species were limited, spending 43%%&dr&l 52% of the time browsing during
the rainy, post rainy and dry seasons, respectively

These results confirm the preference of goats fowbe fodders which allows them to get
enough nutritive elements from the pastures. Irtidd Haenlein and Caccese (1992) stated

that the ability of goats to select various fodiyges make them less subject to bloat compared
to other ruminants species.

Conclusion
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e The phenology study of the five main browse speitieke area indicated the period of
availability of browse fodder (leaves, fruits/podsiying the year, influenced by species
and the height of the shrubs and trees. In additi@monitoring underlined the critical
period for animal feeding (March-April to May-Jurie)the Sahelian zone where pasture
resources herbaceous as well as ligneous are tadkiith the beginning of the foliation
in June-July for most species and the fall of beasmponent by March, one can
conclude that browse fodders are more regularljtabie than herbaceous forages in the
Sahel. The knowledge of the browse fodder varigtdlilows better integration into the
animal production systems.

o Goat feeding behaviour on pastures follows thigatian in browse availability,
indicating that this feed resource constitutesrthedferred feed, allowing them to
balance the nutritive components of pastures insaagon.

e This study also highlights the limits of naturabpaes in the Sahel, and the need to
associate other feed resources in order to maiatdamals in sustainable production.
Collection and storage of pods for their utilizatiduring the period of scarcity could be
an alternative.
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