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ABSTRACT
N ne feeding experinents and one netabol i sm study

were conducted to investigate the water requirenents
and et abol i sm of sone indi genous N gerian sheep and
goats including the various factors that influence it
In the Sudan Savanna Zone. The studi es conducted
exam ned the wter bal ance, seasonal variations, breed
effect, diet effect, influence of feed and water
deprivation end al so effect of physiologic states on
water requirenents of these indigenous N gerian sheep

and goats.

QG owt h performance of the indi genous penned sheep
breeds were much better than that of the goats for
exanpl e average daily gain (ADG for Yankasa was 0.110kg
while that of Mcradi was 0.P5kg. Conposition of the
whol e bodi es of sheep and goats showed that water
conponent ranged fromb52.37 - 71.51%for sheep and
48.16 - 74.69%for goats. Tritiated water space
(TCH) as percentage of |iveweight was (66.1% for
Maradi goats, 73.6%for Yankasa, 80.5%for Quda and
77.8%for Sahel. The biological half-life of tritium
was | east in Yankasa (1T5.5h) and | ongest in Sahel
(173.3h). Water turnover per day/aninmal was 2.52L,
2,63L, 0.86L, 1.0L for Quda sheep, Yankasa sheep, Sahel
goat, and Mradi goats breeds respectively.

The results showed a variation in water requirenent
with age of sheep and goats but no concl usion could be

drawn for relationship between sex and water requirenent.
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A so results showed significant (P/QO01) effects of
seasonal variations on water requirenents of Yankasa
sheep. Water deprivation depressed the growh

performance of Yankasa sheep and this was very prom nent

in the hot dry season.
Water restriction negatively affected the grow h,
| actation and pregnancy perfornmance of Yankasa
ewes. MIlk yield dropped drastrically when water was
not given daily to lactating Yankasa ewes. Pregnant
ewes watered 72hourly aborted or gave birth to weak | anbs.
Feed restriction in sheep resulted in reduced water
I ntake and consequent weight |oss. Results of the
nmet abol i sm study showed that Maradi goats produced drier
faeces than Yankasa sheep. At high environnenta
tenperatures, evaporative water |oss plays an inportant
role in regulating body tenperature. Evaporative water
| oss of the Yankasa sheep was |62.4m /kg0. 73/ day while
it was 120.4m / kg% "3/ day for Maradi goats. The
percent age faecal water ranged between 50-60% for Yankasa
and 40-45%for Maradi goats.
| nvestigations with sheep and goats showed a great
influence of diet on water intake. Sheep and goats on
low protein rations drank | ess water than those on

hi gh protein rations.
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INTRCDUCTION

Water, the simplest of all substonces in foods,
is not the simplest to determine. Usually it is
recorded as the loss in weight of a sample as a result
of oven~drying to a constoant weight at atmospheric
pressure nnd ¢t a temperature Jjust above the boiling
point of water. The significance of the water content
of feeds depends on the kind of feed and the amount of
water. The greeotest difference in nutritive value
yetween many feeds ie traceable to differing moisture
content,

Water is o dietary essential. Animals' first
response to a restriction of water intake is a reajrigtion
of voluntrry feed intcke. The water content of feeds,
particulorly those that are normelly high in woter, such
as silnge, fluid milk, pasture forage and roots, is an
important considerstion in their feeding value and in
the overall reguirement of the animal for water, Water
that is not supplied with food must be supplied from
some other scurce, arnd some foods awé their chief
nutritional properties to their water content,

wWater intrke by animals is controlled by the
capacity of the digestive system. The water requiirement
for specific animals, depends on the composition of the
animals! dicts. Crempton and Harris (1969) reported
that the approximete water that should be provided as

Wmeverage, where it is impossiyle to furnish water
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ad libitum, mey be calculated from the caloric
requirement, The digestive czlorie intake for any
animal is not frr from metibolic size, The quantity
of water tc be provided as beverage is, for average
conditions, one mililiter per met~bolic size, The
palance of the dey's water is provided by metabolic
water and thet which is contained as free water in
the foods eaten.,

The presence of adequate water in body tissues is
an essenti-l prerequisite for the normmal maintenance
of life, and weoter is a fundamental constituent of all
living cells, It is so intimately concerned with the
transform2tion of nutrient and excretory matter between
the digestive system, the cells of the differcnt body
tissues and the excretory organs. French (1956)
reported th:t sterving animals may lose nearly 2ll
their glycoren end fatty reserves, half their body
protein and about 40 percent of their bodyweight and
still live while the loss of only 10 percent of body
water causes serious disorders and further losses may
quickly lerd to derth. The latter also reported that
temporiry w-ter shortages are consequently of grecter
immedi~te signficance than corresponding deficiencies
of solid foods. 1In the semi-erid regions, where
droughts alternste with se#sonal and often short

rainy periods, °nd where livestock experience Scrious
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difficultics in finding and consuming sufficient

herbage to meintrin growth, reproduction and normal
sustennnce; the sersonal water shortages exert such
dominating influences that attention is quickly nand
importantly neeced on weter requirements of livestock
especinlly ruminents.

Apart from specific production needs, French (1956)
reported thot weter is constontly needed to balance the
continuous losses from the kidneys, the intestinal tract,
the skin and the lungs. In urine, water is the vehicle
for the excrction of a number of catabolic
products perticulerly minersls znd urea, and the richer
the diet in miner~ls and proteins the larger are the
quantities excreted and the greater the volumec of water
required for their seclution and transport,

Robinson (1957) reported that water was uniquely
suited to become the inorganic #esis of living mattcer,
Its unusually high dielectric constant nelps to bring
ions into solution in the lower part of the rnnge of
tempe rntures in which it is liquid, and dissolved ions
play a large part in maintaiging essential proporties
of cell membranes and the activity of enzymes, Within cells,
water appecrs rrther as a2 physical substratum thon as a
chemical participant in the essentlal reactions which
maintain life. The body water is not, of course, fresh

water, but contzins salts in solution; and the salts
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inside and outside the cells are characteristically
different. The chief cation of the extracellular fluid
is sodium, there 2re also small but important
concentrations of potassium and calcium, and chlorice and
bicarbonate mcke up the bulk of the accompanying anions.
Robinson (1957) a2lso reported thet the chief cations

in the cell is potassium and the accompanying anions

are probobly mostly orgsnic phosphates,

In Nigeria, especially in the guinea and sahel
savannn zone vhere there is a long period of dry season
(as long ns 8 months) in a year, water is not availuble
all year-round, Consequently, the animals have to
adapt to little or no water at certain times of the
year, 1t is necessary therefore to know the actucl
amount-of wi ter required, by these animals, The specific
objectives of this study were to Ilnvestigzte the following:-
1. Water brlcnce of sheep and goats.

2. Breed differences in woter metawolism of penned
indigenous sheep and goats.

3. Effect of cge ond sex on water requirement of penned
animals

4, Seasonal verirtions and influence of intermittent

watering on grazing animals
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5. Influence of diet type on water intake of sheep

and goats.

6. Response of ewes under various physiologic states
to wrter deprivetion.

7. Effect of grrded level and totrl feed depriv-tion on
wnter requirement of sheep.

8. Influcnce of feed manngement on weter intake of
sheep,.

These objectives hfve bLeen conducted as experiment

1-8 respcctively.



CHAPTER I

REVIE" OF LITERATURE
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In mony tropical arid and’ semi-arid parts of
the world the provisicn of adequate supplies of w ter
is an import-nt limiting facter to animal production
more than the supply éf energy, pr¥tein or other
nutrients. French (1956) ;gfrrted that an animnal can
survive even vhen 30% ef its bndy fat and protein are
lost due to strrvation but death results immedi~tcly
up te 10/ of bocdy water is lest.

The principal sources ¢f water fer animils are
€rinking water, water in foerd and water produced hy
metabolism in the tissues. All these contribute <t the
b.dy water pool. Water is the dictary substance recuired
in largest omount by animals, It is an ideal dispersing
medium because of its solvent and iénizing powers 1hich
facilitate cell reactions. Water takes part in Locy
reactions os shown by the hydrolysis of proteins, fit
and carbohydr: tes which takes place in digestion,
wWater is involved in many anabolic or catabolic ¢ :nges
in intermedi: ry metcébolism which require the chenmic~l

addition or relecse of water.

1.1 Water Brlence

Water is lost from an animal liy three main routcs:
in the urine, feeces and by evaperation. Deven and
Young (1981) reported that high temper:tures incre: e
the requirerents for water needed for e vapor - tive

ccoling ond high feed int:kes necessitate more witcr intzke
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for digestion ¢nd excretion of waste products. To
maintain a constant body water volume, water lost from
the body musi be balanced by an equivalent water intcke,
Water int:' ke originates from water in the food, free
drinking water and the water derived from metabolic
reactions.

Environmentzl conditions (Clark and Quin, 1S49)
and total feed int: ke (Degen and Young, 1980) iniluonce
the water int ke of sheep. Water lLalance is the equctiion
Letween the sum of water drunk, water taken in with food
and met bolic weter fermed by exidatien or food on one
hand, and urine water, faecal water and water lost Ly
evaporation vic skin and lungs on the »ther,

Closely related tu water-balance is the varic{ion in
ion~-balance, especially in thuse irns whose excretory
levels may be regulated in accordance with met volic
requirements. Tomer, Dhillon and Razdan (1959) notcd
seasonal v:rifrtions in insersible water loss in c-lves
and alse indicated that the extent uf variation depends
¢n breed,

Bhosrzkar et al. (1969) estimated the woter balance
in 54 lactrtirg 2nd 15 dry Sahiwal and Tharp-rkar c¢: 1 ile
during summer rnd winter in India, They found 2n increase
in water intske to dry matter rativ in both brecds
during summer, Insensible water leoss was high in
lactating c:ttle :nd this resulted in a greater w ter

intake in loctiting than in Jdry cattle. Bhosrekor et al.
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(1969) also noted that water inteske showed sensonal
variation,

Schoen (1¢68) reported the intukes of feed .nc
water, woter output, osmclality, Na and K contenis of
urine ian fomrle East African grats that were estinated
in norm.l envircnmental conditiens, under heat strecs
and when woter intrke was reduceud by 24 or 39§ of
control animel's intrke. “‘hey nuted that the goits
shuwed gre~t toler-nce to heat stress and reduced w:.ter
intake. The toler:rnce to heat stress was thought tc be
due to resistince to the alLsurptien of rediant he-{ by
the shiny cort, ability to maintain a high feed int ke
and hence a high yield of preformed and met bolic wx ter,
a significont hest sterage capacity, a reduction of
water lo3s in urine and faeces and increase in
ventilation rte. The toler:nce to water restriction
was thought to be due to the maintenance of a nerr
normal feed intrke, the alLility to reduce water loss,
especially by evaporation, and the ability to conccutrate
urine and reduce total cation excretion.

Maynard et 2l. (1983) reported that animilz muct
receive suflicicnt water to balance its losses in
addition to the amount required for the form:tion of new
tissues or products. The.wﬂrkers‘further noted thot
the water reouirement of animals vary widely according
to the mognitude of the varieus facters which govern

the losses such ¢s species.
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1.2. Species ond breed differences in

wnter metebolism

King (197¢) reported field studies using tritiated
water turnover, to assess dietary water intnke of 212
animals throurhout the yezr., Species of nnimals
studied were A.ricen buffalo, Fromedary camel, zebu
cow, elond, smrll East African goat, fringe~-eared oryx
and Dorper shcep, He found significant differences in
water int~ke ~nd water turnover among species and
Lvetween secsons. The cryx had the lowest d2ily
turnover rote, folluwed by camel, sheep, goat, elcnnd,
cuw 2nd buflialo, when expressed in ml/litre of the
approrpri~te unit. The restraints imposed by tr:<itional
African animz]l husbandry have drastically reduced the
natural ability of eland to conserve body water but
had much less effect un the LWffalec and oryx. King
(1979) reported thet the apparent reasun is that though
the eland is behaviourally adapted t~ a semi-arid
environment, a specie like oryx is more physiole-ically
adapted in view of the luwer than aver ge metaboliic
rate in oryx. Degen (1977) observed that a graducl
reduction in wrter supply of Awassi sheep over a
12-day period resulted in less of about 21% of boly
weight, ~nd 25.8% TOH space. Under similar conditions,
Merino ewes lost about 27.5% and 35.4% body weight cind
TOH space respectively. It was also reported th-it both

Lreeds had recduced water content of faeces and an
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incretsed bocdy temperature but remained thermost-ile
when dehydr: ted. Alsi both lreeds decrensed their
ranting rote with a reductian in water intake, He
concluded th-t the fat-tailed Awnssi can maintains
its bodyweipght ond bedy fluids to a greater degree
during deixydr:tion than the German Merino and is ~ble
to replace its loss of body fluids more quickly.

1.3 Diet erfect on weter metabolism

Devendrs (1976) reported large individunl dis crences
in water intrkes, which were incre-sed by urea on trirls
with Malaysic sheep fed rice strow, m#lasses and urca
in their diets. Overall mean daily intakes were
1824ml free :nd 1927ml totl water, 7.7 and 8.8% of
liveweight,

Krishnr, Rrzdan and Ray (1975) found thit met-bolic
water procduction wrs higher in the winter in spite ol
lewer dry natter (DM) intake in lactating zebu cous
perhaps duc to o rrised metabslic rate in cold conditions.
In the summer met: bclic water production variced with
the totol digestible nutrient (TDN) intake but did
not depend on protein int=ke. The workers also obuerved
that the wrter intrke wes affected by nutrients
(enorgy »nd protein). Insenisble water loss w:s highor
in sumiaer ~nc wes also significantly affected by TDIT

in both sersons and by protein in summer.
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Totzl feed int-ke (F®rbes, 1968) influence the
water int ke of sheep. Shkolnik et al., (1972) studied
water requirements in black Bedouin goat of the Negev
d=sert anu found thet it veries with the diet tyne
and combinntion. Maloiy and Tayler (1971) compired the
water re-uircments of goats and haired sheep in the
arid northorn region of Kenya and observed thot goits
required lecs rmount of water than sheep, Khan ct al,
(1978) studied the Bormer goots in the Rajasthon desert
and noted th 't the water intrke v ries with th: protcein
content of thc diets. Rumsey_et al. (1979) reported
variation in woter intoke with different dicts in bullocks.
Krishn~ ct 8l. (1976) reported dietary effects on wr ter
intake of Tharprrkar and Sahiwal cuws while Devendra
(197€) studicd influence of planc of nutrition on wter
int1ke of Moleysian sheep. Singhal and Mudgal (19C1)
reported dictrry effects on water intake of groving
Beetal go~ts.

1.4 Physiolopicel changes in water metabolism

Yangil ~nd Berlyne (1977) reported that dehydration
in camels led to rise in bluod glucose level and it also
caused blood insulin to fall. Macfarlane, Howard ~ind
Merris (1940) reported on the e ffect of shearing on
Merino wethers in the dry subtropical region of
Queensl~nd, during a period of sunshine with maxinun
temper~ture between 360 and 3308. The content,
Gistribution and turnuver of water were estimhted before

and after shesring. They found nu significant chonge
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in total bhody wrter while the thiscyanate space
incrensed by 12¢, the plasma volume by 17%, and the
plasma protcins were diluted by 17% after sheiring,
Water turnover  rose from £21.5 to 159ml per ki per
24h, They cestin: ted thet an aversge increment of
1550Kc 1 per 24h ir heat lcad frem insolation occurrod
as a rzsult of the removal of fleece during exposure
to summer sun,

Vattonen ¢nd Eriksson (1977) reported th:t w-ter
at 10% of bodyweight aver:ging 6.51itres was inirc. ucel
into the rumen of 2 femrle reindeers. These worlers
fcund th~t wotcr diuresis began within 30min; the
peak lasting for omly 4Omin, was reached quickly cnd
thereafter uriner flow declined rapidlv. Vaztonen
and Eriksson (19077) also noted that urea and electrolyte
excretion were little affected. When the reindeor wer:
deprived of wrtcr fer 48h, they 1lnst 20% of their
Lodyweight. Urea concentration in plasma ~nd urine
rose during dehydraticn and urine flew rate aftor 2 doys

of wrter deprivition decreasec to half the origin~.

value, Barmer gorts deprived of water for 4 dcys in the
autumn, maintrined plasma and extracellular fluid volumes
and lost woter from the gut end cells (Khan, Sosidhc.na
and Ghosh, 1579).

1.5 Water Estimetion

Se~rle (1870) estimated tritiated water space in

femile ond c str:ted male sheep of ages ranzing fron
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3 danys to 18 months. When the sheep were killed ond
water, fat, protein, ash and energy were estim.ted
in minced crrersses, it wes s?scrved that (u» to 9
months of .ge) wrter decre- sed from 77.2 to 73.0,
protein incriracd from 18.8 to 21.0%4 and ash fron
3.9 to 5,8 of frt-free empty bodyweight. Senrle £lso
noted that therc were clise correlations betwecn
triticted woter-gyace and chemical components of
carcass,

Hansard (1964) studied pigs, coattle ond sneep
placed in met belism units for 10 to 15h. He
administercd intravenously 1 to 2g antiprine, 29 to 50 mc
antipyrine 1_131 or 2 tuv 3 mc tritiated wrter (T0H)
per 1001lb bodyweight. He okserved that the me-n rrtes
of disapperrence of antipyrine from the blood in thc
pigs, cnttle rnd sheep were 45, 23 and 28/ per h,

He also not.d thot in all three species, no signific-ont
amount of 1131 from antipyrine was excreted in faecces
or retained in the digestive tract, but significant
amount of both ontipyrine itself and TOH were found

in both tract rnd fncces. By a2ll 3 methods, 2avercge
amounts of tot:l body woter were calculated to bo

65.1 "nd 46.2% of bodyweight in young and mature pins,
69.9 and 50.2% in weef cattle, 62.7 and 56.5/5 in gheep,

.
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Ranjhan et rl1. (1982) repurted th it native
Muzaffarnmgri rnd crossbred sheep in Indin did not
differ signific: ntly in bedy cumposition. The w toer
turnover r- tes were not significantly different betwccen
breeds within the same seasen, but a significont
differcnce wrs observed Letween the two seasons
(Wwinter 2nd Sumner). They found that water turnover
and water regrirement were lywest in goats followed by
sheep, cro~-sbred cattle and Luffale when expresscd o8
ml/kgo'sz/d. The latter also otserved th-t met-obolic
water production was 10% of the total wnter input in
buffalc 2nd cro:sbred cattle, but was more in shcep
and goats in both seasons.

1.6 lWater turncover

Over 999 by number of the molecules present in a
rumin-nt arc wr ter (Macfarlone and Howard, 1972). The
powerful effccts of solar rrdirtion on woter dennd in
arid and semi-rrid areas are integrated with those of
air temper~ture »nd foud supply. Water reqguircrcnt is
influcnced by rge, envircnmental temperature, food
supply, lactrtion and behaviour {(Macfxrlane wnd Howard,
1972). Tropicel and sub-tropical climates are knowvm for
high ambient tceperetures, irregular and scanty rcainfall
along with low qunlity and quantity of available forage,
Such environments exert nutriticnzl stress on the
ruminents inhrbiting the area. These workers also ronorted

that the turnover of water vy ruminants is closely rclated
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tu the moisture content of pasture plants. In the
tropical sumrmir there moy be lew rotes of water intrlke
when dry vogets tion is eaten but rain in the sunmer
rapidly incrc-ses wrter turnover when lush vegetction
are aobundont, Mrcfarlane et al. (1966) observed thot
shecp do not need to drink when pesture carries 6C=70f
water. Shkolnik (1972) reported that Bedoiun go-is
were someiimes wr tered only once every fog dhys even
during the hottest part of the summer.

In stucies by Anand et al. (1966), mrture
Rambouillct nd Rrmbouillet x Suffolk ewes from 21 to
14 yexrs old were given 1.13kg of dried Lucerne pellcts
and sn1t drily while w-ter wi:s provided ad libitum,
Tritiated woter wes injected intu each animal through
one jurular vein rnd blood samples were taken from the
other at 4-h intervals for the first 12h and then every
12h up to 7 drys, The latter found that the meon totcl
budy wrter voe 54.6 41,64 of liveweight and biological
half-lifc of tiitium was 4.4 to 7 days with an 2ver ge
of 5.4 days, Mern drily intake of water, total w.ter
loss =2nd urinc production wwre 66.8, 72.7 and 27.1nl
per kg live=-weight. Daily weter intake by drinking wos
42/ of tot~l wrter los:z. , while urine formed only
37.2,% of totrl loss or 40,.6Y of total int~ke. Dcgen
and Young (1€£1) estimsted the total body waiter ~nd
trtnl wrter turnover using tritiated water injectec
into weaned Suffolk croussbred lambs each eighing 20kg

¥ ) 0 (8]
in temper-turc chembers nt 0°» 1075 20" or 307, Thc
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latter noted th~t turnover, evaporative water loss

and DM intrke were influenced mainly by environmental
temper:turc, Fercentage woter in faeces was influcnced
mainly by 2mcunt in feed; losses in urine were not
affected by environmentsl temperature or ~mount of fced.
Aggrey (1982) studied the effect of seasonal changes
on wrtor content and water turncver of cattle, sheep
and go~ts on posture undel’ humid tropical conditions,
using tritium dilution technique., Axgrey (1982)
reported thit tot2l body water was significantly lowver
in the dry season thah in the wet season. the latter
also notcd thrt in all seasons water turnover wos
highcst in csttle, followed by sheep and then goats,
Aggrey (1982) concluded thzt the gont would be 2 nore
suit~ble 2nimerl for production under dry conditions than
c2ttle ~nd sheep. Koemal (1982) used the triti~ted woter
dilution technique to determine the total body witor
(TBW) =nd wrter turncver rate (WIR), in water buffalo,
Red Danish crttle, fat-tniled Ossimi sheep, crossbreod
Nubian - Bedoiun goats ond camels. The later reported
a significrnt effect of species on TDW and WTR.
Springell (1968) reported that the total body w-ter
(TBW) ond its distribution in the budy of the aninial can
ve used 28 an index of the condition of the anim~l as it
is propertionrl tc the body solids. Macfarlane :nd
Howard {196<) rnd Degen (1977) noted that water
turnover, which is genetically determined, is ~lso affected
by envirvnmentrl conditions such as smbient temper ture,
type "nd aveilability of food and water and thc

activity of the animal. Weter content and its turnover may
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Le related to the adaptation of livestock to a trorical

environment (Springell, 1968). Macfnrlane et al,

(1974) and Biré (1984) predicted body water ocontent

and body composition using tritiated w:ter spce

(TOH). Pancretto and Till (19C3) worked on body
composition in wvivo of mature goats using TOH sprce,
Gharaybch et e1. (1968) indicated that crossbred cnincls
dif fer from pure breeds both in wdy composition tnd
water turnover rate.

17. Natcr Deprivatiun

Khan, Scsidharnn and Ghosh (1978) reported the
effect of w ter deprivation on Larmer goats grazing
and browsing cn natur~l vegetation for 8 hours 2 day
in the Rajesthan Jdesert. Two groups of 6 castroted mole
gonts 18 merths old were kKept on the experiment during
summer, from April to June and in the post-monsoon pcriod
from Septcmber to Decemher, The control groups were
watered drily ond Jdrank an average of 7.59 1litrcs/100kg
liveveight dr ily. The second group were given o
quart:r ol thc intake by the controls. The exourimentel
anim~1ls showed no loss of appetite or weight, During
May nd June when the maximum tempernture wis 40°¢,
the control group gnined 2.74%  of initinl weight ond
the restricted group gained 1.67%.

Blair-West et 2l. (1979) reported studies in which
the woter intcrke of 4 Merino ewes was restricted for

8 to 15 days to produce a minimum loss of 10,5 bodyreight
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while they continued to eat their normal ration ¢ fced.
The anim~ls were then given access to water or 10ml
potnssium chloride for 2h, The latter obscrved th't

water roestriction inereased plasma renin and vosoprossin
concentr-tion. When given free access to @ater, pl sma
renin increrscd further ut urine flow rotes did not
return to norm-1l for 2t least 6h following re-introwuiction
of frece-tccess wrter.

More cnd Sehni (1978) reported on the w ter
requircments of weaned chokla lambs recorded up to 6
months of agc., Thereafter the experimental animcls vere
divided into 3 groups and given water once every 24h,
once every 48h during winter, or once every 72h during
summer, In the same work, they ¢bserved thnt; waiter
deprivation during winter did not affect weight p.in but
summer deprived lambls lost 1A.4% of liveweight, Oversll
water int ke of control and deprived groups was 2.4
and 3.7 litres dei}y. When given on alternate days in
winter, woter consumption appeared to be compensutod for
vy the deprived lamis taking up te double the quantity
of thit drunk by controls. More and Sahni (197C)
noted thot haematocrit values did not indicate significent
d2hydr2tion in either season and there was no decrease
in plasma volume extracellular fluid or body wotcr caused
by depriv-tion of water for 48h in winter. In sumer,
water depriv:tion for 72h significantly incre.sed Lody

fluid volume,
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Narinder cnd Taneja (1978) reported on the effect
of water deprivetion under arid conditions on two
groups of Merweri ewes grazing natural pasture in
India, Tre control group had free access to water ind
the experimental gr~up had ne drinking water. It
was found that, during summer, the deprived group lo~st
34% of livevcight in 3 days, and in winter they lost a
similar percentage of weight in 36 days. Avernge eir
temperature was 18.500 in winter ancd 33.300 in summer
resultin~ in increased water requirement in the sumncr,
Succulent desert plants also preovidec a source of
moisture in winter up to 70.4%, while in summcr mois mr~
content wrs only 20.5%. Narinder andi Taneja (1278)
also observed that packecd cell velume and rectal
temperature were higher in deprived than control
sheep ~nd higher in summer than in winter at maximum
weight loss.

The latter alsc found that whken water 4as oliler.d
after deprivetion sheep €rank 17 litres in summer and
5 litres in winter on the first day and all weight
loss was regoined in 31 days Jduring summer and in 19
days ﬁuring winter,

More and Sahni (1981) reported studies made at
Avikanagar on chokla ewes grazing fer 8 to 10h a day
on natural pasture without supplement. There was ro
rainfall in winter and spring and mean relative

humidity fell to 18.4% at 150vh in spring. The
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ewes, in 4 groups were allowed water ence in 24, 48,
72 ar G6h; 7 ewes from 1st, 3rd and 4th groups were
mated first in spring Héfere the trial and again in
winter, so thet they lambed in the monsoon and in the
following summer. They found that all the ewes watered
once in 24 or 72h lambed successfully in the firct
cycle but 4 of the ewes watered ence in 96h aborted
in the first summer; in the second cycle, with pregnancy
in winter »nd spring, all lambed successfully. A
singificant increase of water intake in the 3rd month
of pregmancy wes alsc etserved. Ewes waterecd once
in 72 and 96h dreank up to 32% of their bodyweight in
2 to 3min, but mean daily intakes were less by 2 to
5% of bodyweight than those of ewes iaily. These
workers also noted that nem-breeding ewes drank less
than those in late pregnancy or lactation. Those
ewes were wetered every 48h drank as much as those
watered daily. Pregnant ewes watered once in 72h
or 96h lost weight; those which aborted lost about 34%
of bodyweight in May, the hottest month, whereas those
that lambed lost about 26%. In the second breeding
season it wcs found that the water-deprived ewes lost
only about 15% of bodyweight, but.up to 20% during the
lactation period in summer,

In studies by More, Singhhndhand Ssahni {1976) newly
weaned chokla lambs from 90 days el age, in 2 groups

each were given water to appetite every midday for 6
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months or at intervals of 48h for 3 months followed
by 7?h for the next ( months. For 5 months the lambs
grazed uncultivated grasses and shrubs for 8 to 10h
daily and in the last munth they were fed on cowpea
hay in st»lls. The maximum and minimum temperature
reported for Januery, were 23,0°C and 5.3°C. Daily

maximum tempercture then increased to 37.8°c in

June, At the end of the trial, lambs watered daily
weighed 23,7kg »nd the others weighed 18.8kg. They
further observed that deprivation of water reduced
weight of gestrointestinal tract, liver and skin.
water deprivetion increased dressing percentage from
41 to 45% but the chemical coumposition of longissimus
dersi was not affected.

Ghc sh, Khan and Alichandani (1976) reported on
the effects of 24h and 48h water deprivation of
glomerular filtrzticn rate (GFR), and on blood and
urine electrolyte levels in Marwari sheep. The latter
found thnt bodyweight, urine veolume, GFR and erythrocyte
Na concentrctions fell considerably aue to dehydr:-tion.
Plasma Na #nd urinary K concentrations remained
unaffected. While plasma K appeared reduced, the K
in red blood cells increased after 48h of water
deprivation, The most remarkalle response reported
was in the concentration of urinary Na which rose to

more than double the normal.,
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Purohit, Chosh and TaneJja (1974) found that 50%
vater restriction for 21 days resulted in a
significantly decreased urine vulume, faecal water
and transfer function of %idney while urine electrolytes
irc reased sigrificantly in Marwari rams. when
restricted sheep were again allowed free access to
water, urine volume recovered within 24b,

Clark snd Jay (1975) reported a 4=year study
with 3 generctions of Romney ewes which was designed to
measure intcke of drinking watér and to compare growth
and reproduction with and without access to drinking
water. The latter found that daily water intake vas
gerernally small and exceeded 4.5 litres on only two
ambient tempersture. The same workers also noted
that sheep arc adapted to absence of drinking water
during pcriods when the normal requirement is low,
Gordon (1965) found that the time spent ruminating
by sheep was reduced ly deprivation of water, while
feed intake wrs also reduced by 46%,

Umunna et 21, (1981) reported studies in northern
Nigeria during the rainy season and end of the dry
season respectively in which Yankasa sheep were given
elther a high-roughage or a high-concentrate diet,
Water wrs given once in 24, 48, 72 or 96h, Free
weter intake decreased linearly and significantly
as the period of water derrivation increased but

feed int:ke wrs not similerly affected, The latter
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also found thet there wes a marked decrease in
livewcight gein and consequently an increase in fecd
intake/kg grin. In the metnbolism study, there was a
tendency for nitrogen (N) in faeces and urine, and
moisture in freces to decrease while menn retention
of N nd digectibilities of N incressed with increcsing
period of wrter deprivetion. They also noted that
rams given wrter once in 72 or 36h were inactive nnd
twe r:ms died of severe dehydration in the group with
a high-concentr: te diet given at the end of the dry

sSe1son,

1.8 X¥ater Int:ke

In studies by Taneja and Abichandani (19G67) in
Rajasthan using Marwari wethers that were 2 years
old; int-ke of drinking water was measured daily frcm
February to June, when environmental temperatures rongec
from 7&0 to 107°F et varieus relative humidities,

The workers found no rignificant rejation between
intnke and relative humidity.

wilke, Smith and Janovsky (1901) reported thot
lactating Saanen goats 14 to 18 months old were given
straw trented witk sodium hydroxide, either alor.e
or in 2 complete mixed feed. DM intake was more
closely relrted to liveweight. When untreated or
Ne@i - trected meize straw were given to appetiie,
it was found thct Nend treatment Incrensed the

water int ke by more than 50%. With complete mizec
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diets, witer intrke wrs increased when the diet
contained 60% NeOH treated maize straw (5% Nrﬁﬁ.or vhen
the sodium intrke was 18mg/g feed. Wilke et al,

(1981) also noted that surplus Na was excrctea via a
highar concentrrtion of Na in urine and a gre~ter
volume of urine,

Stephenson et al, (1980) reported that the effect
of heat stress on milk production, feed intnke, water
intake, urine output, growth rate of lambs nd pl-sma
prolnctin concentrrtions were determined 1in ewes ond their
lambs, They found thot bodyweight gain was similar in
both stressecd rnd unstressed lambs. Feed intnke wes
reduced by henrt stress in the climatic ch mber but not
unier natural conditions. These researchers also
found thnt weter intake 2nd plasma protein concentr- iions
were incre~sed in heat-stressed ewes. Urine output
accounted for 67 2nd 80% of the water plus milk intcke
of unstressed :nd heat stressed larbs, respectively at
5 to 6 wecks old. The latter would indicnte the
importance of providing water to lambs during grazing
in tropical regions.

Clark and qQuin (1949) reported that on 2 rotion
of poor quality grass hay, sheep were found to maintcin
their normal intrke of water when allowed to drink
for onc¢ hour only every second day. When given water
at 72h ~nd 96h intervals, the total intake wis decreased

to 63 percent #nd 54 percent of the normal, respectively.
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The consumption of lucerne hay was markedly

suppressed by lrck of water even during the first

24 hours of thirsting, Clark and Quin (1949) 2lso
observed thst sheep on lucerne hay receiving water

only twice weekly still gained in body weight, This
gnin was, however, accelerated when water was constantly
available,

Macf-rlane, Morris and Howard (1958) rzported th:t

Merino sheep required more water in summer, on the
averige 12 times &s much as in winter, when they took
7.3ml/kg/day. Also, they reported that water intcke
was closely reloted to respiratory rate.

Wnen woter requirements wes estimated, during 2
seasons for buffanlos, Holstein x Haryana cattle,
Suffolk x Muzaffarnogeri sheep and Barbari goats,
Ghosh ct zl., (1980) found that there were significant
difference in the water requirement and water turnove:
between sercons and between species. Water turnover
and wgter requirements were leact in goat followed by
sheep, cross~bred cattle and buffalo when expressed as
- /kgo.sz
1.16, 3.54, 0,45 and 0.13 and ir summer 2,25, 2,00,

day. Metabolic water production in wintgr was

0.38 and 0,12 litre/day in Yuffalo, crossbred cattle,
cross=bred sheep and goat respectively, Metabolic
water procduction wzs 10% of total water input in
buffalo anc cross-bred cattle, Wwut wes more in sheep

and go~ts for both seasons.
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Bond, Rumsey and Weinland (1976) reported thot
the fceding ¢nd drinking patterns of bullocks were
not altered before, during and after deprivation
of feed, water or both when three - setg of
monozygotic twin beef bullocks were given free access
to water ond fed ad libitum on 2 30% forage diet, rnd
88% forrge diet and a no-forage diet in 3 trials. These
researchers also found that water intake was much
reduced when bullocks were deprived of a high-rouzhage
diet but not when they were deprived of non-forage
diet. Fced intrke was reduced about 50% on each type
of diet when weter wrs withheld, These workers
thercforc concluded that when feed, water or both
were withheld from cnttle for up to 2 days and then
re-offerced the szme feed, there was minimal chonges
in their int-ke patterns.

Phillips (1960) showed that water intake of
cattle depended on food intake and body weight,
Thickett et 21, (1981) reported a significant
correlation of both liveweight gain and pellet intake
with w~ter intrke of British Friesian bull calves.
They found thet for each extre litre of water consumed
per day, there wrs an extra pellet intake of 0,082kg
and an incre~se in liveweight gain of 0,056kg.

The wrter requirement for individual animnls
depends on the composition of the animals diect

(Crampton ¢nd Harris, 1969).
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Bass (1782) noted that the drinking pattern of
wether sho:p was directly related to the type of food
saffered and its di:stribution throughrut the day.

Rumsey et 21, (1S7¢) repurted that water intuke of
bullncks was dependent en diet. Cunningham et al, (1 GC&)
repnrtad on the dependence cof water intake of

lactating cows on envirunmental temperature; while Taneja
and Abichandani (1967) repcrted nu significant rclation
Letween water int:ke and relative humidity in Mar.ori
wethers, Ilorrocks and Phillips (19C1) reportzd ta t

the water int lkes of shorthorn were significantly hi‘her

that thoce of the Borans. Krishna et al, (1976) found
that ;atur intcke of cattle was highly correlat:d with
MM intake. Devendra (1976) ebscrved that water intilke
of Malaysian shecp was significantly affected by diet,

The results of previous wurkers have shown the
import}nce of woter in animal production. Wator
requirement by & ruminant animal Jdepends un many f ctors
such as environmental cunditinns, tetal feed intnlke,
feed type and the physiclugic state »f the animal., In
tropical countiries, high enviranﬁental temperiture influences
water intake of these ruminants animals especinally during the
Ary season when there is n» green fodder. The physiolo: ic
state of ths female animals also influence water reculrement.
Since there ic paucity nf data on. water requirecuentec
of Nigerinn indi;enous sheep and goats, it was nececoory

tu carry oult this study.



CHAPTER 1II
MATERIALS AND METHODS



2,1 Location

The investigatiens were cnrnducted at Ahmadu Bello
University Farm, 1003;0& on Shika-50§ito road, Zaria,
The farm location is situatee at 11.N latitude and
640m ahove sea level., The studies wePfe conducted
during the three recognised seasgns of the year :
March-April (hot, dry season), Nevember-January
(cold, dry season) and Junc-August (wet season),
Daily and weekly meterelegical Jata were obtiained from

the Institute for Agricultural Research, Samaru (Table 1).

2.2 Management of experimental animals

The animsls were fed and watered in individual

pens housed under a cummon rot.f. The animals were

fed on hay (Andropogun jayanus) and concentrate
consisting of & mixture of maize aﬁd cottonseed cake
(C4 and C,) (tables 2 and 3). The &nimals were
individually fed daily and feed refusals were weighed
to determine intake. Measured amounts of clean water
was given to the animals in metal pails and they were
allowed to drink to appetite and the water left was
measured to determine actual amount éf water intake,

The animals were weighed Liweekly to monitor growth.

2.3 Measurement of physiclogic Parameters

Jaw movement data were mbtained by visually
observing the experimental animals and counting the
number of times the jaw moved in a minute during

chewing,



29

Teble 1:

- iy & +
Climatic conditions

Average Dail

Rainfall Hasw

Temperature (°¢)

Relative humidity(%)

Maximum Minimum Yiaximum Minimum
Dry hot season
(March-April) Nil 39 21 67 13
Vet season
(June~August) 6.28 28 17 82,1 71
Dry cool seascn
(Octeber-January) Nil 30 15 39 17

+ . < _
(samaru I,A.R. Weat

her Stetion Report)
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Table 2: Percentage cemposition of the concentrate

mixture

Ingrodient Composition (%)

| c1 c2
Maize 72.2 60,16
Cottonseced cake : 24.1 35,09
Salt . 2.0 2.0
Bone meal 1.5 1.5
*itamin-minerel Premix ".25 0.25

*Vitamin-mineral Premix used is ZOODRY VM 702 and it
centains per kg diet: vit. A 25,000 L.U., vit D3
27,500 1.U,, vit. E 25mg, Magnesium (mg) 25Cmg,
Magnanese {Mn), 125mg, Irun (Fe) 200mg, Zinc (Zn)
112.5mg, Copper (Cu) 15mg, Iodine (I) 6.5mg, Cobalt
{(Ca) 2mgz.

C1 - Fed to pregnant, non-pregnant and male animals

2 - PFed to lactating ewes.
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Table 3 : fnelyzed compnsitiun (%) uf the concentrate
meals and hay (DM Lasis)

Hay 5% c2 Maize
Crude protein (CF) 4.10 18.4 18.0 Sl
Ash ..0 5.0 5.8 4,0
Ether extract (EE) 2,0 L.G 4,98 3,4
Crude fibre (CF) 39.1 545 5.9 2,7
Nitrogen free extract 37.80 1.30 59.32 69,5
(NFE) T 5 -

L

Erergy per g of diet = 3870,32 cal/kg
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Rectal tempereture was measured by inserting clinical
thermometer into the rectum of each restrained experimental
animal for 2 minutes. The thermometer was cleancd
using cotton wool scvaked in methylated spirit betvcen
animals.,

Respiratory rate was oltained hy counting the
movements (per minute) >f the thrracic cage of the
experimentel enimals,

Pulse rote was ol'tained Ly corunting the pulse on
the femornl vein of the experimental animal,

2.4 Blood Collection, handling and
Stornge technigues

Blood was obtained from the € xperimental aninals
through the jugular vein using sterile 19G needles.,
The venous blcocod samples were put into labelled plain
small pyrex tubes for serum while the tubes contoined
anticoagulent (ethylene diamine tegtracecetic acid)
(EDTA) in the cese of samples meant for plasma, The
tubes were then covered with fitted stuppers. Sawmples
meant for plrsme were agitated gently to mix the blood

with the anticoagulant. The Llusad samples were kcpt at
4°C for 24h before centrifuging at 3500 rev/min for 15min.

Blood samples meant for plasma were centrifuged immediateély
after collection at 3500 rev/min for 15min. The plasma

(¥
and serum collected were stured at =32 C until analysed.
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2.5 Bstimction of Blood Parameters

Estimation of blood parameters, packed cell volume
(PCV), haemoglobin (Hb), Red blosd cell (RBC), hite
blood cell (VWBC), Mean corpuscular hremoglobin
concentration (MCHC), mean curpuscular volume (MCV)
and mean corpuscular uszemouglobin (MCH), were done
according to Brown (1980).

Serum totel protein was determined by the Biurct
method (Coles, 1967). Electruphuresis of serum samples
was carriced out sccording to the prucedure outlined for
a Micro-zone Electrophuresis system (Beckman Instruments,
Clinical Instruments Diviscn, Fullerton, Calif, USA).

The albumin, 4 - , &5~ ) P- and = globulin fr:ciions
were run on cellulose acetate strips using Beckam B - 2
buffer at pH 8,6 #nd u = 0.075. The electrophoretic
strips were fed into a Beckman R 110 Densitometer,

and estimates of each prutein fraction obtained brsed
on the tot~l serum protein determined as stated eorlicer,

Serum megnesium was analyzel using an atomic
absorption spectrophotometer, Perkin~Elmer 2903 (Perl:in
Elmer, Norwalk, Conn, USA), accurding to the procedure
outlined for determinaticn. Serum scodium 2nd pot-ssium
were determined by flome photometry. Serum chloride was
analyzed as outlined Ly Coles (1974).

2.6 Statistical anslysis

The strtistical analysis of variance of various
parameters wes done as per the methods of - Steel ond
Torrie (1260), #nd trestment differences determined »
the orthogon:cl compsrisons of means as outlined by

Snedecor (1959).
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Experimental 1: Weter balance of Maradi goats
ond Yankasa sheep.

Four Maradi bucks with a mean weight of 20kg ~nd
4 Yankasa roms esch weighing 25kg were used in the
study. Thc animsls were put in metzl metbolism cages
for a precollecction and adjustment period of 21 dnys
during which time they were given free access to
drinking woter tnd feed (toble 4 and t.ble 2). The
animals were fed hay and concentrate at 2 ratio of
60:40., The adjustment pcriod wae immediately followed
by a 14=day collection periond during which f:ed intolie,
w2ter intcoke, freces voided and urine output were
measured, The animels were dressed with harncss b gs
for collection of fzeces. Urine produced was collected
in plastic prils pl~nced under the met:bolism cnges,
The plastic prils contained 25ml of tolucne to precvent
the evaporrtion of the urine and 25ml of 50% HpS0, to

trap the nitrogen in the urine. The animnls were
weighed biweekly. Serum bLohtnimed once a weck from
the blood of the animals were analysed for sodium and

potassium, The moisture content of the feed nd

%éeées were determined (A,0.A,.C, 1970). A saaple of
fresh faeces wis collected dnily, and the faecal
moisture contunt wrs determined by drying the fresh
materinl ~t 1050C constant weight, Total daily foecal
water loss wes then calculated from the total daily
faecal output. Pre-formed water in feed wns deternined

after calculsting the water content of samples of fced
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dried at 10500 to constant weight. Metabolic wntcr
gainz2d was estimrted daily Ly calculating the
oxidation wster obtainable from one gramme of feed ond
multiplying this figure by the difference between dry
food enten =nd dry faeces voided (Schoen, 1963).
Evaporation woter loss was calculated by substrocting
the sum of faecnl and urinery water loss from the
water int ke, pre-formed witer 2nd metabolic water,

Samples of urine were collected daily per animal
and stored in polythene bottles at 4 C until analysed

for sodium ~nd potnssium using the flame photometer,
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Experiment 2: Breed differences in water metabolism
cf penned indigenous sheep nd goats.

Two brccds erch of sheep and goats were used
namely Yankosa and Ouda sheep nnd Sahel and Marcdi
goats. Sixteen animals (4 of each Lreed) wzre used in
the study. The animnls were pen~fed me :sured amounts

of native hay (Andropogon gaysnus) and concentrote

containing 1€% crude protein (tablecs 2 and 3). Blood
samples of the onimals were collected once every 3
weeks to determine the following : PCV, Hb, #BC, MCIHC,
MCV, MCH, Plasme Na*s K' Mg** and €17, Blood urea
nitrogen, scrum lbumin, total protein and serum
alkaline phosphotsse. The feeding trial lasted for 63
days and the experiment wns conducted in the hot, dry
season of the months of March, April and early May,
At the end of the 63 days the animals were deprived of
feed 'nd woater for 18h, following which tritiated woter
TOH was injected. The venous blood of the animals were
sampled immedictely prior to TOH injection (blank),
Sterile tritinted water diluted with physiolorical
saline w's injected intramuscularly at a single dose
rete of 10-15 Ci/kg! body weight. The animals were
then kept without access to feced and water for 2 period
of 48h. Venous blood samples were taken from e~ ch
animal at six-hourly intervals for the next 72 hours

after which the enimnls were given limited amount of

1
1¢1 = 3,70 x 10'° Bq
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feed and woter. On subsequent days daily blood s:mple
was taken until the 8th doy after TOH injection. Soon
after collecting the last blood sample, the 2anim~ls were
weighed “nd slaughtered for direct determination of
body composition. Five ml of bloed were collected from
each anim~l 2t each blood ssmpling. Disodium s2lt of
ethylene dirmine tetrascetic acid (EDTA) (0.8mg/ml of
blood) was uscd s the anticomgulant,

_ fhe blood semples were centrifuged at 3500

" revolutions/min for 15min, The plasma collected were
stored at =-32°c until preparation for counting.

To determine the amount of radiocactivity in plcsma,
one millilitre of 20% trichloroacetic acid (ICA) wes
added to 1ml of plasma to dcnxture the proteins; the
test tubes were then centrifugea for 10 minutes °nd the
protein=frce supcrnetant removed. Samples were prepored
for counting in vials by mixing 0.50ml of deprotciniscd
plasma with 1Cml of tolucne hased liquid scintillation
cocktnil,

Samplcs were counted in duplicntes together with
blanks ~nd strndords in single well-type liquid
scintillntion counter (LSC 2 Neclear Enterprises),
Quenching woe corrected for by the channels ratio
method, Blonks were similarly prepared by treating
pre-injection blood samples as described above for the

samples. Strnderds were prepared by diluting the dose
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solution of TCH 1:1000 and 0.2ml of this whs counted
in triplicnte rs above.

The rote ccnstont (K) for the disappearance of
radioactivity from plosma is the slope of the reogression
line obtained by plotting the logarithm of the
disintegr~tion counts of somples tnken over the period
of 8 days (In St) sgninst time (t) based on tho
following equrtion:=

Ln St = 1n So « Kt
So is the velue of St at the time equal to zero when
isotopic wrter wis administered.

The biologic=l half-life of tritium wnas detormined
by substituting K value in the following equnation:

K = 0;6 3
Helf-1ife

TOH space wrs calculated as descrided by Springell,
1968; Ranjhan et 1. 1982 from the following equ-tion.

TOH space (litres) = Standard count (dpm) x dosc (ml)
Semple courts (dpm)

The woter turnover rote was calculated as the
product of the TOH = space 2nd the rate constant (K)
for the disapperrsnce of rodionctivity from plasme,
From the results of the direct slaughter technique and
the indircct TCH dilution technique, prediction equ- tions
were formulrted to determine body composition in the
living animel from TOH space., Total body water wcs
calcul~ted by using the factor 0,85 x TOH space (Kings,
1977, Ranjhcn et al, 1982).
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Determinction of body composition

The body composition of the experimentnl animcls
were determined directly using the direct sloug.ter
technique method described by Panaretto and Till
(1963)., After the animels were slaughtered, the
alimentsry trrct was removed and the gut contents
homogenized rnd analysed for moisture content, The
half carcoss obteined after dressing the a®fcass and
halving through the brck bone was divided into
different commecrcinl cuts and each cut wns chopped
into small pieces with a heavy chopper. A portion of
this chopped  moss fromech cut was pooled, together
with similer portions of chopped mass from skin, head,
feet and entire gut (without contents) and various
internal orgrns. The pooled mass was then homogenized
by chopping #nd pounding with an iron pestle in a morter.
The minced mass thus obtained was analysed for moisture,
protein, f~t :nd ash contents as per the methods

suggested by Sebranek (1976).
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Experiment 3: Effect of age and sex on the water
requirement of penned sheep and gocts

Twenty Merr2i gosts and twenty Yankasa shcep
were used in this study. The animals were 10 males
and 10 non=pregnent, non-lactating females for ecch
specie, Five erch of the mnles and females were
about 12 morths old while the othcr 5 were about 24
months old, The animals were watered daily using
cle"n met~l pails. The gorts were fed weighed
quantities of concentrste (C1 Table 2) nnd roughage
in the ratio of 40:60, The study lasted 50 dayvs,

The onimcls were alloted in four (groups)
treatments of 5 snimals per group for each specie,
that is, 4 groups of sheep and 4 groups of goats:-
Group 1, 5 mcle, 1 year old
Group 2, & mrle, 2 years old
Group 3, 7 femcle, 1 yeer old
Group 4, 8 femrle, 2 years old

Based on feed requirements, the one year old
goats werc given 166g concentrate daily while the
2 years old reccived 208g daily., The 1 yenr old sheep
had 208g while the 2 years old got 292 daily.
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Experiment 4: Seasonal variations and influence of
intermittent watering on grazing
Yankosa sheep.

Twenty mcle Yankasa sheep divided into 4 groups
of 5 rons were used in this study. The animals
weighed averogely 20kg and they were 15 months old,
They were selccted from the sheep flock on the
Ahmadu Bello University Frrm. Tne unimals were
grazed for € hours daily for a period of 50 d~ys
during which they were subjected to intermittent
watering, Wrtering intervals adopted were treatment 1 =
once in 24k (deily), treatment 2 - once in 48h,
treatment 3 - once in 72 and treatment 4 -~ once in
96h., The onim: 1s were given on the aversge 250g
of concentrote (C4 on Table 2) each day after grazing,
The anim~ls were watered a2ccording to their assigned
treatments after grozing. This experiment was
carried out in the wet season (June, July, Auguct)
and also repe:ted in the hot, dry season (March - April)
to determine sersonal wvariations using ancother set
of 20 Yankcs2 mele sheep. The animals were not
allowed to crink on the field when grazing during
the rainy serson.

The enimols were weighed biweekly to monitor
growth. The uncultivated pastures grazed by these
animals were sampled twice &2 week to determine the
proximate composition using A.0.A.C, (1970) methods
of analysis (teble 4). Physiologic parameters nomely
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Table 4; Meen proximate analysis (%) of pasturcs
grazed by experimental animals (M basis)

Iry season Wet scuson

pasture pasture
- Dry matter 93 .1 20.9
Ash : _ 9.4 10.6
- Ether extrecct 1.6 5.3
Crude fibre 38.5 23,6
Nitrogen free
extract (NFE} 47.4 ' 47.8

Crude protein 7.0 12.7
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Jaw movement £s an indicetion of ruminction , rectal
temperature in later afternoons, respir:tory
rate "nd pulse rete were determined as discusged
earlier,

Blood wos obtained from the animals Jorthnishtly
through the jugular vein. The blood samples were
used to cdetermine the plasma minerals, serum, albumin,
alkaline phosphetase and blood urea nitrogen, PCV,

Hb, RBC, WBC, MCHC, MCV, MCH.
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Experiment 5: Influence of diet type on water intcke
of sheep and goats.

Sixteen Yenkasa r-ms weighing averagely 22kg and
16 Mardi mele goats weighing on the avernge 15kg
were used in the study. The Maradl goats were purchased
from the loccl morkets and then quarantined for 60 dcys,
The animcls were treated for intestinal parasites with
Thibenzole (Merck Sharp and Dohme, MSD). They were
also dipped zgeinst external parasites with phizonl(n)'
and then a2ll the goats were treated with long ccting
terramycin (Ffizer) to prevent goat 'kata'., During
the quarantine period and go:ts were kept indoors ond
fed hay (Andropogon gayanus predominantly) and
cotton seed cike/maize concentrate mixture., The goats
were token out once in 2 days for grazing to allow
them adjust grodually from their previous management
9f unlimited roeming, grezing and browsing. Their
grazing time was then gridually reduced until finally
stopped, They were kept indoors for 2 weeks prior to
the start of the study to allow them adjust to pen
management,

The znimrls were randomized into 4 groups of 4
sheep nnd 4 gorts each. Four diet types werc tested
in 4 treatmcnts,
treatment 1 - hay only
treatment 2 « hay + whole malze
treatment 3 - hay + milled maize

treatment 4 -~ hay + concentrate mixture
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Concentrrte mixture was made up of maize and
cottonsced ccke (Teble 2). Table 5 shows the
chemical composition of the feeds on dry matter
tasis, The enimels were fed to Aappetite once daily

in the morning.
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Table 5: Ghenicel composition (%) of the diets
fed, (DM basis)

Hay + Maize Hay + Concentrete

Crule protein (CP) 6.22 g,02
Ash 7.00 740
Ether extrcct (EE) 2.56 3.12
Crude fibre (CF) 24.54 25.66

Nitrogen frce extract
(NFE) 50.48 47.2
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Experiment 6: Response of Yankasa ewes under vorious
physiologic states to water deprivation

Thirty-six Yankasa ewes were used for the study
out of which 12 were 3-months pregnant, 12 were open
(non=pregnont) snd non-lactating and the other 12 were
lactating °nd¢ not pregnant. The animals were houced
in individual pcns under a common roof. The animals
were subjected to 3 forms of watering intervols;
daily (groups 1, 2 and 3) (24h intervals), 48 hourly
(groups 4, 5 end 6) and 72 hourly (groups, 5, 7,

8 and 9)., Within each physiological class (pregnant,
open and lcctrting), the ewes were randomly alloccted
to the 3 wrtering regimes. Thus, under each watering
regime 4 ewes of each physiological group were
present, th:t is 4 pregnent, 4 open and 4 lactating,

The cxpcrimental diet (Tables 2 and 3) which
comprised of hay and a protein supplement were fed
at the ratio of 60:40 respectively.

The loctrting ewes were hand milked at 8a.m, at
forthnichtly intervals to determine avernge milk
yield per day, Lambs were withdrawn from thec ewes
a night previous to the milking day, -and then returned
to their doms, Milk samples were also analysed for
total solids, weter content, fat, ash and crude
protein in the laeboratory using the A,0.A.C. (1970)

method of ~nelysis,
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Physioclogic par-meters namely Jaw movemcnt,
rectal temper:ture in late afternoons, respiratory rate
and pulse rrte were measured ©s previously described,
Blood was cobteined from the ewes forthnizhtly,
The bloo¢ scmples were used to determine the pl-sma
minerals, serum proteins, alkaline phosphatase, blood
urea nitrogen, FCV, HL, RBC, WBC, MCHC, MCV and MCH,
The stucdy was conducted towards the end of the
rains and ir the early dry, cool season (September -

October) losting 50 days.
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Experiment 7: Effect of feed restriction on wcter
reguirement of sheep.

Twelve Yenkesa rams weighing about 19kg on the
average were used for the study thnat lasted 50 days
(trinl 1), The animsls were randomly distrihuted
into 3 tre-tments of 4 animals each, The treatments
weres

i. dcily feeding (24 hourly)

ii. 48 hourly feeding

iii. 72 hourly feeding

The experimental animals were dipped against
actop2rnsites using Pfizona and dewormed using
Rafoxanilde (Renide)(ﬂ) before the Leginning of the
experiments. The animals were given hgy and
concentrate mixture (t~ble 2) made up of miize ond
cotton seed menl in the ratio 60:40. The animals
were given fced according to the treatment and feed
refusnls weighed daily. Klood samples were collected
thronugh the jugular vein every forthnight to determine
the following: serum ~lbumin, blood urea nitrogen,
plasma=-sodium, potassium, magnesium and chloride,
Totn2l protein, MCV, Hb, MCH, PCV, WBC, RBC, MCHC
and alk~line phosphntase were determined as
described. Fulse rate, respiratory rate, Jaw
movement ~nd rcctal temperature were mensured

every day threughout the experimental period,
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The stucy wes repented using another set of 12

Yankasa rros weighing averagely 20kg for a perioc of
50 days (tricl 2). Animals in treatment 1 were riven
full feed of 800g dry matter (DM) to allow for

10-15% refusal while those in trectment 2 got & fred
of (400g D) rnd those on treatment 3 had a % of
200g DM deily. The animals were watered daily, As
in tri~1l 1, blood parameters and physiological
parameters were clso mezsured, The animals were wcighed
Liweekly to monitor growth, The study wns conducted

in October to Jrnuzry (cool, dry se2son).
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Experiment 8: Effect of feed management on water
intrke of Yankasa sheep and Maradi goats

Two tricls were conducted, the first was to study
the effcct of concentrate to roughesge ratio on wcter
consumption of sheep =2nd goats (trinl I), while the
second trirl wrs cerried out with Yankasa sheep to
study erffect of feed processing on water intake
(trinl II). 1In trisal 1, 16 non-pregnant, non-lactoting
Yanknsa ewes 7nd 16 non-pregn~nt, non-lactiting Maradi
does aged 15 months wered used. The animnls were randomly
allocnted to 4 trectments of 4 gonts, 4 sheep e~ch.
The 4 tre:tments were as follows:-
treatment 1 40:60
trevtment 2 60: 40
treatment 3 30:70
treatment 4 70:30
percent pge rrtios of concentrate to roughnge in the
diets fed to the animnls. The study lastzd 50 dvys,
In the second trial (trial I} 7S Yanknsa
non=-preogn-nt, non=-lactoting ewes aged 15 months
each weighing 20kg were used., The animnls were

randomly distributed into 4 trestments of 4 animals

each nnd fed individually viz

Trt. 1 ~ Long hry + milled concentrate

Trt. 2 « chopped hay + milled concentrate

Trt. 3 -« Long hay + unmilled concentrate

Trt. 4 - Chopped hny + unmilled concentrate

A1l the anim~ls in the 4 treatments were given €50g

DM daily for 50 d~ys consisting of 40% concentrzte ond 60%
hay. Weter cnd feed intake were measured daily ond body
weight messurements were done every forthnight, The studies

were conducted in the cool, dry sesson.



CHAPTER III
RESULTS
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Experiment 1

3.1 WATER BAI/.NCE OF MAR/DI GO/TS AND YANKASA SHEEP
Avernge drily goin in body weight were 0,13 ond
0.06kg for the Yankasa rams =nd Maradi bucks respeclively

(Table 3.,1.1). The Yankasa rams consumed more feed ond
water nnd grined more weight - thon the Maradi bucks.

The Yankas2 rems under heat stress of the hot dry

se”son and on food of low moisture content required
202.5ml/k30'73/d?y. Maradi buck under simil2r conditions
required 152.4m1/kg0‘73/day. The Yankasa rams consuned
more feed ~nd hrd higher faecel output compared with

the Mar-di bucks. Faecal water output of the roms cnd
bucks were 16.08m1/kgo'73/day and 9.82m1/kg0'73/dcy
respectively. (Teble 3,1.2)., Watér loss in urine by
- the Yankosa rom waa 45.6m1/kg0’73/day while the Maradi
. wuek lost 42.0m1/kg’*7>/day. Evaporated water locs

0.73

from ram wcs 162,.4ml/kg /day while 4#ne Maradi buck

lost 120.hm1/kg0'73/d3Y-

Serum sodium for the Yankasa roms and Maradi bucks
were 138,05 nd 137.90meq/litre respectively. Urinory
sodium avernged 34.3 and 31.4meg/l for the Yankaso rons
and Maradi bucks respectively (Tazble 3.1.3).

Data on the water inlance status of each animal
are shown in tsble 3.1.4.

The results of the present study showed thnt Maradi
goats can tolerste heat stress Letter than Yankoso cheep.

The Maradi goots dronk less water, and produced dricr
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Tzble 3.1.1: Growth porformonce of Yank-sa r‘'m: *nd
Moradi bucks used in water balnace tricl.

- e .-

SPECIES

SHEEP GoATS 331
Number »f ~nim-1ls 4 4
Initinl weight (kg) 25.63 19.83 0.24
Final wcight (kg) 27,50 20.70 0,27
Weight g ins (kg) 1.88 0.87 1,09
Average dnily grin b
(kg ) 0,13 1. 062 0.007

f
Stand~rd crror

ab
Means within the some v rirble bersring differ nt
superscript differ (P/0.01).
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Table 3.,1.2: Woter balence of Yankasa rams and Maradi

goats.,
SPECIES 1
SHEEP GOATS 30
No of anim~ls 4 4L
Average nf livevcight
(kg) 25.56 20.16 0.25
Metabolic mass (ke *'2)  10.95 8.96 0.06
Water drunk ml/kfn'7?dny 202.5° 152.4° 8.14
Water int-ke in foed
ml/kgl* 2 /dey 3.17 2.75 0.03
Metrbolic w-tur
ml/kg0'73/d1y 19.02°P 16.952 0.36
Waoter loss in freces
ml/kg®* 2 /ary 16.08° 9,.82% 0.84
wgterol$§s in urine
ml/kg " /d"y b5o60 QQ.OO 2.07
Evaporated watcer loss
0073 - L & f

ml/kg"”+ /2 /day 162 .40 120.40 54 Th
Average daily fcecel
output (gm) 302,10 208,80 10,92
Average dnily urine
production (ml) 501.1 382.9 9.16
Daily water inteke
(m1) 221,00 1364.00 68,79
Daily Hey int:ke (gm) 500,00 375,00

Tstnndnr*d error

3BMeans within the seme v riable bearing different

superscript dificr (¥/0.01)
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faeces thon Yonkrsa sheep. Evaporstive wat:r loas

0'73/d1y Tor

was 162.4ml/ ke’ 73/d€!¥ and 120.4ml/kg
the Yank-so sheop, Maradi goats respectively. The
percent ge frocel vater roanged from 50-605% for

Yanknsa shocp nd 40=45% for Maradi pgoats.
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Table 3.7.3: Scdium and potassium levels in scrum
rnd urine of sheep and gonts (mer/litre)

SPEC ES

SHEEP GOATS 531
No. of animrls 4 4
Serum Na¥ mweg/litre 138.05 137.90 0.93
Serum K* meo/litre 3.60 3.50 0.1&
Urine Nat mca/litre 34,30 31.40 0.43
Urine K* meq/litre 123.40 104 .4 4,06
. .

Standnrd error



1.4: Water balonce of Yenkasa sheep and Maradi goats when drinking water ad libitum

- e 8 -

=
animel jAverag® Metebelic Water Intake aw\wmo.ﬂk\au% "=ter loss HH\xmo.wu\an.
Numbter 1live~ size Drunk In food Metabolic In Urine In feeces w<mvodmdmn

imuqrﬁ qu.\ xmwrw
nrmw :
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n

0

+

26.00 10.79 221.86 3.20 1792 45,81 15 21 181.96
27.00 11.00 188,78 314 18.12 ) eD2 1779 152,90
. 26.25 10.C6 193.18 3,22 18.27 W 27 15.29 152 .62
27.00 11.09 206 .37 3415 19.79 > L eki3 16.52 162 2R

-2 P~ S
WN~JW N

73 20,60 €.10 145 .84 2

19.55 5.76 178,08 2.80
19 20,00 8,91 138.77 2,67
i 20.50 2.07 147 .11 2.69

86 16.99 LD g 35 11.04 113,99
3 16.65 wq.@p 12.06 138.43

. Y
m\

oo 8.28 108.24
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Expcriment 2

3.,2: BRIED DIFFERINCES IN W: TERR MET.BOLISM OF
PENIIZD INDICI.NOUS SHEEFP /ND GOLTS.

Ferformance of the egnimsls

Sirnific: nt differences (P/0.01) existed betucon the
water int k¢ of shecp and poats and between the v rious
Wreeds of sheep tnd also goats (Teble 3.241). Aver:: o
daily whter intike were 2207ml, (202.48ml/kg°*77),
1757m1, (162.26m1/kgC73), B64m1, (107.62m1/kg"""")
and 1046m), (1&?.32m1/kg0'73) for Ouda sheecp, Yoank: ot
sheep, 3ahel rnd Meradi goats ruspectively. Mean delily
welight grins obtzined were 0.131kg, L4110kg for thc Cude
and Yanknasa br.cas of sheep respectively while the v-lues
were 0.015kg nd C.05kg for the Sahel and Maradi brecds
of gonts reapectively. There was no significoant
di fference (P »0.05) between feed intake of the two
kreeds of shecp but statistical significant diffircence
(P/0.05) exiztcd for feed intzke between the Sahel -nd
Maradi go-ts.,

Bloced composition

Significnt differences (P/0.u1) were found betucen
values for piossme chloride, magnesium, potassium of chzep
and go~ts. Differences in plasma sodium was
significant at (F/0.05) (Table 3..2.2). Th: detailac
values of tht serum ablumin, blood urea nitrogen,
packed cell volume, RBC, haemoglobdm, total prot:zin,

WBC, alkaline phosphatase, are shown in Table 3.2.2,
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Table 3.2.3 cshows the weight of the vorious priue
cuts of thc animcls in each lLreed. Dressing percent- e
was about 545. for the sheep and 55% for the gouts,
Signific:nt differences (P/0.01) existed between the
prime cuts of tke sheep and goats., The sheep were

heavier at slzughter, and also yielded bigger meat cutc,

Composition of the whole 2nd Empty Bodies
of Sheep and Goats

The vorious compositions of each animal used in the
study arc given in Tables 3.2.4 and 3.2.5. A wide
range of body composition was exhibited Ly the goats,
for example, frt content ranged from 3.56 - 33.03% of
live weight (L.VW.). Body water as a percentage of
liveweight r-ngcd from 67.34-70.77 for Ouda brzed of
sheep, nd 52,37-71.54 for Yankasa. The latter werec
68,92-74,.69 rnd LE,16-67.35 for Sahel and Marazdi goats
respectively.

Table 3.2.€ shows the breed averages for body
composition, Totrl body water (as % L.W.) was 52,79,
02.2 for the Oude ond Yankasa sheen, and 71.2 and 55,6
for Sahel ~nd Meradi goats respectively.

Table 3,2.7 shows the mean values for tritioted
water spoce (TCH space), biological half-life of tritium
and water turn-over rate for each breed, of shezep and
goats. TOH space was least for Maradi go~ts being
66.1% of liveveight while the value for Sahel goat vas

77.8% . D4 space velues for Yankasa and Ouda were
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Table 3.2.1: Performance of the difference brecds of

shecep and goats,

SPECIES 4 SHEEP 2 3
BREEDS CUDA YANKASA SaHEL
No. of animnls L L4 4
Initinl weight

(kg) 22,25 22.52 1146
Final weight (kg) 30.52 29.50 12.57

b
Weight ghin (kt3 8,27 6.97 0.98

Average dnily

gain (kg) 0:13 0,11 0.015
Average daily Huoy

intake®® () 455,2 585.9 293.3

Average daily
concentrate
intake (z) 333 333 200

Average daily
water intakefb
(ml) 2207 17%% 664

Average daily
water intake

---------

W UiDI

4

12,
6425
3.15

0.05

2071

-'Jii-'.r

147,32

e

SE

0.27

0.04

6.41

34.1

#1,2 Vs 3,4 sig ¢t B/0.01

®9 vs 2, siz ot F/0.01 and 3 Vs & sig at P/0,01

©4 Vs 2 not sig F.70.05 but 3 Vs &4 sig at P/0.0%

1
Standard error.



Table 3.2,2: Effect of breed on blood parzmeters in penned
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sheecp end goats,

SPECIES
BREEDS
Groups

No. of animnls

No. of obzservations

Plasma chloride
(meg/1)ab

Plasma magncsiun
(meq/100m1 jab

Plasma sodium (meq/1)°

Plasma gotassium
)

(meq/1
Serum albumin(g/d1)2P

Blood urea nitrogen
(mg/a1)ad

Packed cell volume %
MCV (femtolitres)ab
MCHC (g/d1)9

MCH (picogram)®

RBC2

Hb® (g/dl)

Total protzin (g/dl)f
WBC

?kkal}TS phosphatacel®

SHEEP
OUDA YANK/. S/ SAHZL
1 2 2
4 4 4
12 12 12
107.62. 102 .40 117.33
2.53 2.uv1 2427
141,54 143,73 144 .93
3439  3.32 4,12
3.16 2.90 3+592
10.70 10.30 16.17
26.50 29.u9 26,45
36.25 39.65 33.04
28.57. 2751 28.68
10.’4}4 1\.’08‘6 9.‘4‘1“'
7.32 T.b42 - 8.01
7.56 .00 7.54
7.15 6.98 6.33
7700 8050 7583
73.9 55.3 73.4

14,00
20 .49
37 .02

o -~
LIJ - 1 ’J

1
SE
0.68

0.039
0.78

0.07
0.07

i
Standard crror

81,2 Vs 3,4 sig ot F/0,01

b1 Vs 2 sig at £/0.01 and 3 Vs 4 sig at P/u.01
€1 Vs 2 sig at F/_0.05 and 3 Vs 4 sig at P/0.01

4 Vs 2 not sig F. 0.05 and 3 Vs &4 sig at B/0.01
€1 Vs 2 sig =t F/0.01 #nd 3 Vs 4 not sig P.” 0,05

¢

11,2 Vs 3,4 sig =t F/0.05

81 Vs 2 sig at F/0.01 and 3 Vs 4 sig at P/0,05



62
7%.6 and 80,5% liveweight (L.W.) respectively. The
biological half-life of tritium was least in Yankasco
(115.5h) and longest in Sahel (173.3h). Wwater turnovor
per day/animzl (litres) was 2.52, 2.63, 0,86, 1,09
for Ouda, Yankasa, Sahel and Maradi breeds respcGtively,.
Various releotionship among factors determined in the
body composition of these animals by direet slauzhter
technique and TCH space were examined.
1. The regression of total body water (kg) on TOI spoce
(kg) gave the following equation,
Y = 0.353 + 0.841 X
where X is the corrected TOH space (kg), Y is the total
body water (kg). The correlation coefficient obtnined
between the totzl body water and corrected TOH spoce
(r = 0.992) was highly significant (P/0.01).
2. The regression of total body fat (kg) on corr:ctod
TOH space (kg) with live weight as a covariate gove
the following multiple regression equation,
Y, = =2,172 = 0,905 X4 + 0.949 X,

1
where X4 is the corrected TOH space (kg)

X5 is the liveweight (kg)

Y4 is the body frt (kg)

The multiple correlation coefficient between the boly
fat, TOH space and live weight (r = 0.969) was
significant (P/0.01).
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Table 3.2.3: Meen cercass weight and weight of v:iious
prime (whole sale) cuts.

- = g o . e ——

GOATS
SPECIES SHEEF,, 3 A

11
BREED OUDA  YANKASA SAHEL MARADI 4

Jaa

Liveweight (kg)® 30.52 29.50 12.58 15.25 1,15

Dressin~

percentage 54.09 54,27 55.00 55,07 0.25
Carcass wt (kg3b 16.51  16.01 6.92 8.95 0,60
Leg wt (kg)? 5.94 5,90 2.48 3,00 0,29
Neck (ikg)?P 1.24 144 0.42  0.67 0,07
Loin wt (kg)? 1.18  1.09 V.48 0,68 0,05
Flank wt (kg)2P 0.83  0.86 0.44 0,56 0,05
Shoulder wt (kg)ah 4.4 4,75 2,20 3,02 0.22
Ribs wt (k)2 174 1.76 0.76 0.92 0,06
Bones wt (kg ® 5.18  4.88 2,39 2.49 0,16
Lean meat (kz)®®  11.20  11.05 454 6.2 0.51
e —— —

Standard error

1,2 Vs 3,4 sig ot P/0.O1

P) Vs 2 not sig F70.05 and 3 Vs & sig at P/0.05



Teble 3.2.4: Composition of the whole bodies of sheep and go-ts®

Breed Animal hh<mﬂmﬁm:ﬁ Water Frotein Ash Fat Dry solids in gut
Nunmber (ke )
Quda 1 2£ .0 6G.14 12,70 a2 1€.78 1.4
24 28 .1 67.34 12 .82 3.24 15.07 1.0
14 31.0 70.77 13.70 4,03 12,86 0.8
22 250 £8.39 13 M7 2.62 16.,3° 1.5
Yankasa 105 28,0 5257 13.53 3.96 20:95 1.0
91 37,0 58,61 11.29 F.08 22:70 0.9
50 28,0 71.51 16.60 3.20 1.3% 1.2
119 29.0 71.45 13.77 3.456 1 254 1.4
Sahel 13 1.5 68,92 17 A7 Ba35 TL0F 1.0
12 12 .8 71.85 15.25 3.23 C 82 0.9
10 12.0 €69.42 16.48 2.70 10,38 .8
1 14.0 74.69 16.86 2,92 3.56 < Pl
Meradi 640 G b )9 67.95 16.00 2.84 11.53 1.0
63 5ot 48,.1¢€ 14,56 2,04 250G 0.8
L8 16,0 €0.71 13.62 2.67 19,38 1.2
113 1€.0 Lo L2 13.98 3.61 33.03 140

#*Values are expressed 25 rercentage liveweight
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Teble 3.2.5: Composition of the empty bodies of sheep and gortas

. W

Breed Anioa Erpty body
Numher  weight (kg) Water Protein Ash Fot
Cuda 1 22.52 60,72 15,87 ENs 20,97
24 23,27 62 .15 15 .44 3. 19.36
14 26.16 £3.68 16,31 4L,.8 15 .31
: a2 28,84 60,65 16,06 22 16
Yanlkasa 105 24,64 L7 ,.65 15 .38 L.5 2244
91 26,80 45,85 1394 3.8 36.79
50 25.2% 66 .42 18 44 3.5 12 .57
119 26.86 66,15 1513 Z.E 14,88
Sahel 13 9.91 66.56 20,31 3.9 8,24
) 12 9,82 68.43 719,81 Le2 7 .56
10 10.78 E7.15 18.31 3.0 11.53
11 11,32 70.18 20,87 2L L,40
Maradi &40 12.19 63.4%  19.75 2.5 14,24
63 11,42 42 .95 19,69 L.D 30,37
43 13,02 55.%6 16,81 el 23.90
113 16.38 b4 15 16,25 L2 36,41

¥
'
b

F
Values are expressed p as percentage empty body weight,
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3, Yhe regression of body protein (kg) on TOH spice

with live weight as a covariate geve the following
multiple regression equation,
Yo = 0,718 + 0,091 Xq +:0.039 Xp

where X4 13 the corrected TOH space (kg)

X2 is the live weight (kg)

Yo is the body protein (kg)
The multiple correlation coefficient obtained betwein
body protein, TCH spaCe and live weight (r = 0,950) une
highly simmificent (P/0.01).

Therc wns @ significant linear relationship dbctueon
the corrccted TCH spsce(kg) and fat-free empty o7y (lig).
4, The regrescion 8f the fat-free empty boly (£72D)
on TOH space grve the following equation:

Yz = 1,376 + 0.808 X,
where X, is the corrected TOH space (kg)
Yz is the FFEB (kg)
The correl-tion coefficient between FFEB and [OH spice
(r = 0,975) ws highly significant (P/0.01),
5. Th2 rerression of body ash (kg) on the corrccted TCH
space (kg) g ve the following equation:
Y& = 0,63 + 0,038 X1
where X4 is the corrected TOH space (kg)
Y, is the body ash (kg)
The correl :tion coefficient between body ash and TCL

spuce (r = 0,06€) wes significant (P/0.01).
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Teble 3.2.6: Body composition of sheep and goats

— -

]

18 2S 3G 43

Breed Ouda Yankasa Sahel Mar~di wm4
ieter (% Lw)® 68,9 62.2 i . 5345 3,659
Frotein (% Lw)P 13,10 13,80 16 .47 14,64 0.€59
Lsh (% LW) 315 3 44 3.05 3 04 0,226
Fat (% Lw)2 . 15..5 20.8 6.8 21.8 3.429
Empty body wt AW.NV,r 25.2 25.84 10.46 153.25 0,963
weter (% EBW)® 61.8 56 .5 68.1 51.5 3.794
Frotein (% EAW)PC 15.92  15.72 19.81 13.13 0.727
Ash (% EBW) 3.83 3.92 3.67 3.17 0,263
Fet (% EBW) 18.9 24,2 7.9 26,7 4,113
. -

Standard error

% LW = Per cent live weight
% EBW = Per cent empty body weight

18 = QOuda sheep
28 = Yankasa sheecp
3G = Sahel goot
4G = Maradi goat

83¢ Vs 4G sig at P/0.05
®S Vs G sig at P/0.05
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Trhle 3.2¢7: Tritiated water spoce, Biological half-life of tritivm and water
turnover r<tc of sheep and goats.

Breeds Body weight TCH space Biological wWater turiover vper 24h.
(k=) % Liveweight) half-life (1tr/anirzl) An_w\xm.‘_,.quv

Ouda 30.52 80.5+1.2 138.6+_6.5 2.5240.35 207.92+420.2

Yankase 29.50 73.6+_0.8 115.5+_ 2.4  2.6340,2C 222 ,33412 .4

Sahel 12.58 77.840.4 173.3+_12.6 0.86+0.1 13543+ 9.5

Meradi 16 25 €€.142.8 138.6+15.4 1.09+ 0,15 142.39+10.9

+ Standard deviation

R e
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wm.mmJ. Relationships between the tritiated water space (Kg)
and body water in sheep and goats

. : _ -

et T |

. ,....+

i
-

.@.__ _ T | !
0 %.mm 16,80 15,88 26.68
— | Body water (by dessication) Kg.
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6. The rel-tionship between corrected TOH space (X)
expressed 28 a percentage of liveweight

and totzl body wi ter (Y) expressed as a percentigc of
live weight wig as follows:

Y = =13,009 + 1.044%X
The correl tien coefficient ecbtained between the tot 1
body witer and the corrected TOH space (r = 0.921) .o
highly significent (P/0.01),
7. The regression of total body fat (per cent live
weight) on the corrected TOH space (per cent live
weight) gove the equation:

Y = 78,272 - 0.835X

where Y is the totel body fat .(per cent live weipht)
and X is the corrected TOH space (per cent live weci hi)
The corrzlntion coefficient (r = 0.749) was signific. at
(P/0.01). The regression equations (table 3,2.8) hrve
high correlatior coefficients. The upper limit for
total hody witer wes 74.69% of liveweight in Sahel poats.
Total body witcr was inversely related to body fnt s
evident in the drta for the goats., The water turnovoer

of goats was the lowest.
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Table 3.2.8: Regression of Tritiated water space
(TCH space) on Body composition of sheen
and goats.

- —— e A 8 s—

Prediction Equntions R s SE

Y = 0.353 + 0.841X4 0.992 0,905 0,027
Yy = =2,173-0,905X,8+0.348X, 0.969 0.4 0,08
Y2 = 0,71840,091X4+0.039X, 0.966  0.934 0,031
Y3 = 1,376+0,8C8X, €.975  0.951 0,048
Y, = 0,63 + 0.038X, 0.868 0,754 0,005

1Standurd error

X4 TOH spoce

X2 Liveweight (kg)

totol body weter (kg)
body fot (kg)

< o
s
nn

L}

body protein (kg)
¥3 = fat frec empty body (FFEB) (kg)

5
=
]

body ash (kg)
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Experiment 3

3,3; EFFECT F LGE /ND SEX ON THE W.TER REQUIR J4ZT
OF PENNED SHEEP /ND GOATS.

There wes a significant difference (P/0,01) beticen

age with reg rds to water intcke (Table 3.3,.1). The
average dnily int-kes of water per goat were 396,°7,
(64.21m1/keC73), 805.2, (93.63m1/kg’"2), 475.2,
C.73y . 0.73)
(77.63m1/kg ) #2nd G 877.7m1 (101.48ml/kg

for tre:tments 1, 2, 3 and 4 respectively; while for
0,73
),

.73

sheep the vrlues were 1038.7, (105.99ml/kg
1613.4, (124.49m1/kg%+77), 1130.5, (117.52ml/kg
and 1826,8ml, (1&9.7hm1/kgn'73) for treatments 5, G,
7 and 8 respectively. There was significant dif’er:nce
(P/0.01) between water intake of sheep and gonts
(treatments 1, 2, 3, 4 Vs 5, 6, 7, 8). Significant
dif ferences (F/C.01) were obtained wetween the woter
intake of the 1 yesr old and 2 years ald (trt 1, 3, 5, 7,
Vs 2, 4, 6, 8) (396.9, 476.2, 1038.7,1130.5, Vs 8=, 2,
877.77, 1613.4, 1826.8ml) (64.12, 77.68, 105,99,117.52
Vs 93.63, 101,48, 124,49, 149.74m -/kg°* "), 3ignificont
difference (P/0.05) existed between the water iatale of
the mnle shecp :(nd female sheep (5, 6 Vs 7, 3). The
female goots drsnk more free woter then the mile gonts
but the difference was not statistically sigaificint,

A sipnificet difference (P/0.01) existed between the
one ye~r old :nc¢ 2 years uld in hay consumntion., 'e
animals in tre:trent 1 consumed an average of 237,53

per day while those on trestment 2 ceansumed 277.4p d il

hverage dnily hay intake for treatment 3 was 230.7 wiile
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the 2 ye'rs old femele (treatment 4) consumed 3. ,C-,
The hay intike of the sheep were 29?-8g, 428,8g,
300.8¢ 7nd 428.0g for the 1 yesr old male, 2 year: old
male, 1 ye r old femsle and 2 years eld female
(treatments 9, 6, 7 and B) respectively.

There was no significant difference in mean dclily
weight gain between sex within the same age group.
Significont difference (RL0.01) in average weigic
gain existed between sheep and geats, and between age
within sex (Trble 3.3.1). The 2 year old (mals ond
female) consumed more water per metabolic size thrn the
1 year old sheep and goats, (Tables 3,3.1 and 3.3.2;.
Differences in weater intake of the male and female
goats were not significant (P, 0.05) but significent
differences (F/0.05) existed between water intiices of

male and femele sheep (Tables 3.3.1 and 3.3.3).
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.1: Effect of age and sex on weight gain,

water and fead 1ot71.2 ¢f renned shesp and gosts

TREATMENTS

. GO'TS SHEEE o

. Tm o Zf LT 5 o 7T Bf sg’
No. of animels 5 5 5 5 > 5 5 5
Initirl weight (kg) 10.8 17.52 10,66 17.6 20.16 30,45 1CL6E 28.76  0.33
wiecl weight (kg) 13.5 20,62 13,3 20.82 25 .46 35.45 oL, 76 b4k CJ32
veight goin (kg) 2.70 Z.A¢ 2 .64 3.22 5.30 3.95 5,10 5.68  0.11
Average Doily gein _
ﬁw;gmdomm% 0.05 C.06 0.05 C.06 C.11 0,12 2,10 C.17 1.0¢2
poily Hay intske ~ .
Deily concentrate
{z) intcke 166 208 166 208 208 292 208 292
mter inteke
(m1)adefe 396.9 805.2  476.2 877,77 1038.7 1613.4  1130,5 1862.8 19,028
weter inteke
mlfin e 2 64,12 93.€5 77.68 101.48 105.99 _ 125,49 117,52 _ 149.7h
A

o= male

£ = fewzle
81,3,5,7 ¥ 5,6,7,8 sig at P/0,O1

C1,2 Ve

mu\* .‘W.. d.rn_. W

.

Vs 3

i

&1,

;7 sig at P/0.01

4 sig at P/0.01

error
1,%,5,7 = 1 year old, 2,4,6,8 - 2 years old.

2,4 not sig P 0.05 wt 5,6 Vs 7,8 sig P/0.01
f2,4 Vs €,8 sig 2t P/L0.01

"

and 5,5 Vs 7,8 sig P/0.01

b1,3,5,7 Vs 2,k,6,8 sig at P/0.01



Table 303.2.
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penned sheep and goats

Lffect of age en water and feced 1:tole of

e e L T S

| Gt B
Age of animals
(years) 1 2 1 2
No. of animals 10 10 10 10
Average weight (kg) 12.06 19,14 22.51 3,52
Metabolic mass
(xg)°- 7 6,16 8.63 9,77 12,70
Average 3d-ily Hay
intake (g) 239,3 289.0 293,53 4204
Average doily | '
concentrrte intck
(g) - 166 208 208 292 i
Average doily woter : .
intske (v1) 436.55 341.49 108L,6 1700,
Average wuter
intake/kpl. 75 70.87  -97.51 111,70 1/0,80
a

1 Vs 2 sig &t P/0.O1



Table 3.3.3:
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Effect ¢f sex on water and feed intoke
of penned sheep and goats. ..

P

GOLTS

Sex of animals MaLE FEMALE  MLALYS
No of anim~ls 10 10 10
Average weight (kg) 15 .61 15 .60 28,12
Metabolic mass
(kg)0°73 7.43 743 11.42
Average doily Hay
intnke () 268.15  270.15  363.3
Avernge daily
concentrote int-ke
(g) 187 187 250
Average daily
water intcke (ml) C01.05 676.99 1325,05
Aferage wate

0. 75D :
Intake/kg 80.89 G1.11 116,12
b .
Male sheep Vs femule sheep sig at P/0.05

L L

10

1546,65

156,84
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Experiment &4

3.4: SBASONGL VARIATIONS /ND INFLUENCE OF INPSULTT 10
IATZING ON GRAZING YANKASA SHEEP,

The season of the year had highly sipgnificont
(P/C.01) effectr on the water intake and weight geing
of the Yankss# cheep. %he water intake of the ani .ils
during the dry sesson were 1839ml, (188.85m1/kgc‘75}§
1328,2m1, (146.76m1/kg* 7)), 1173.7m1, (142.79m1/%- 0 72)
and 1070,1ml, (138.27m1/kg0'73) for the 24h, 43h tnd

~y

96h witering intervals respectively (treatments 1, 2,

3 and 4). The velues were 272.0ml, (26.48ml/xz '),

202 .8m1, (zc,aaml/kgo‘73), 205.9m1, '20,99ml/%g "'~ ,,
205 .4m) (21.11mg/kg0'73) free water intakes during ‘he

wet season (T2ble 3,4.1) for tne same treztment-,

The aver:ipe daily geins were significently lover
(P/0.01) during the dry sesson than the wet seuzcn,
During the kot dry season intermittent watering h < a
negative e’fect on grecwth rute of Yankasa sheep, The
animals werc losing weight except on daily watzri-o
regimen during which they gained 66g daily, The ani-nls
on 48h, 7°h 7nd96h watering intervels (T~bl: 3./,1. lost
18.8z, 110.2g rnd 172g daily. During the r1in7 season
the anim-ls giined weight despite the watering inti- v 1ls
imposed on them. Daily weight gains were 135.%7, 124.4g,
118 2n. 197,2¢ for 24h, 48H, 72h and 96h wat i

regim.n rc.pectively (Table 3.4.1).
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Blood biochemical constituents namely PCV,
total proteins, RBC, Hb were significantly (P{ﬁ.ﬁﬂ)
higher during wet seasn~n.Wrtering intervnls
significontly affected {P/0.05) the RBC, Hb, “lo = uree
nitrorcn corponents of blood (Table 3.4,2)., Blood
ure2 nitiogen was elevated with an incrensc in
watering intervals.

R sults in Table 3.4.3 show that significini
differences (F/0.05) existed in plasma sodium (1" ),

potassium (K), Magnesium (Mg) 2nd Chloride (c1™) o~

sheep subjected to intermittent watering intervols

when the two seasons wet and dry were comparcad,

Elasm~ K volues for sheep un 24h, 48h, 72h nd S56h
watering intervels during dry season were 5.22, .15, 5.15
and 5,44 meq/litre while the wet season v~lues vere

3.45, 3.38, 4,04 and 3.9Y3 meq/litre. The chloriie,
mzgnesium cnd sodium values in plasma were significontly
highr (F/0.01) in the dry sesson than the roiny

senson,

Seasoncl effects were prominent on the phirioioziceal
par~metcrs me: sured. (Toble 3.4.4). Prolonpged wot . ring
interv 1s exccted serious stress on the aninnlc Guring
the dry secson., VirietionsiR rectal temper~ivrc wos
slisht (T ble 3.4.4) and mean values obtarincd during
the dry serson were 39.0?00, 39.190C “nd BQ.EOQU ond
39.50°C for ecnimals watered nt 24h, 48h, 72h ~u’ €G-

intarv:lc respectively. For the wet se~son rectsl
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T:tic 3,4,1: Performmce of greging Yankesa sheep intermittont wttciing during dry ond wet serson
DY SE.SGN - JEY SR BON

T ~7 3 4 5 6 7 8
No of onimals > 5 5 3 5 5 5 5
Initiol weight (kg) 290.8 «G.G 20.8 20.8 20,5 ~CW0B 19.74 19.9 0.652
Final weight {(kg) 24.1 12.96 15 .04 1242 277 26, 25 .64 25,25 . 0.892
ieight geined (kg) 3.3 -0, %4 ~5.76 -8.6 5.78 Z.22 5.9 5,35 - Q.43
Lversge daily . :
goin®tdethl (k) 0.066 -C,0188 -0,1152 ~0.172 0.1356 0.,1244 0,318 . 0,107  0.0086
Concentrate intake _ - . .
(&) 250 250 2b0 250 250 250 250 250
TEter f :
int-kefbedelg 1830,0 28,2 1173.7 1070.1 272.0 202.8 205.1. 205 .4 PR
oAk 188.85 146,76  142.79  138.26 26.48 20,44 20.99, 21.91  22.3

Tatandard error

21,2,3,4 Vs 5,6,7,8 sig ot F/0.07

4% Vs 4 nct sig P¥ 0.05

By ys 2,3,4 wwm_mﬁ P/0.05

°s vs 6,7, sig

1 Vs 2,3,4 not sig
at P/0.01,

*7 Vs 8 sig at P/0.C1

P 0,03,
g ¥s 7,8 sig at P/O.M

-

“2 Vs 3,4 sig at P/0.01
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Tetle 3.4.2: Blood Biocherictry of grazing Yankasa sheep under int- -~ ittent watering during dry and
wet seasons,

Treatment<s

DRV _SEASCN ; 27 SELSON

Groups 1 z 3 4 5 5 7 8 SE’
etering intervals

(h) 24 48 72 =15 24 483 72 S6
No of animals 5 5 5 5 5 5 9 5
No of observatiens 25 25 25 25 2) 25 25 25
PCVE (%) 27.40 28,68 32.12 33.82 30,92  J0.64  32.72° 31,40  0.58
11CH (picograms) 9,65 G,65 * 9,71 8,47 11,87 14,33 wm.ﬂm 11.23 0.21
1iICHC (g/d1) 33,14 3319 . * 32.19 30.85 . 39,31 39.18 1 39.47 3577 ., 0I5
11CH: (femtelitres) 29,00 28.99 30.22 178 30434 36.60 32:35 29.80 ' 0,59
Moﬁmu prctein® - o N |

g/dl) 6.78 6.89 7.78 .* 7.0 6.48 5. 796 6.692 6.736, 0.13
qncabede 9.45 9.88 10.62 11.01 10,28 8.404  10.173 10,641° 0,19
BC 8378 8348. 8328“°* LL IS 11228 13824 10808 10624 1170.07
Hpebel (gra1) 9.12 9.52 10.35 10.38 12415 11.96 * 12.92 11,85 0,19
Blood ﬁﬂmmw

itro
Serum albumin®

(g/d1) 342 3.50 3.61 3.58 - - - - 0.08
Phosphetasef i

Fpocp\u.v wﬁutm uﬂ\m‘m- h‘Nl_.w ﬁﬂ.p s b-.;no!..l - - mlﬁ,m
1

Standsrd errcr

21,2,3,4 Vs 5,6,7,8 d sig at 1/0.05 Y4 vs 2,3,4 sig at P/0.05 2 Vs 3,4 sig at P/0.01
5 Vs 6,7,8, sig at P/0.01, ©6 Vs 7,8 sig at P/0.21, I3 vys ci; at F/0.05

51 vs 2,3,4 not sig P>0,05 =nd 2 Vs 3,4 nct sig P 0.08

ﬂ! -
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tempertures were slightly lower being 38.7300, '
38.9500, 32.9&00, 38,910C for animals watered at 24h,
48h, 72h ond ©6h intervals respectively,

Resyirctory rete was significantly (P/0.01)
affecto’ by wrtering regimen espgcgdelly during tae
Ary season. The velues shuwed edesrease with increese
in watering intervals end were 32,43, 25.77, 20.57 "nc
19.87 for trertments 1, 2, % and 4 respectively, Jcv
movements were drastically reduced with an incre-se in
watering intervels (Talle 3.4.3)., Pulse rate wos
significantly (F/_0.01) affected By water deprivation
in the dry secson.

The effects of water deprivation could be obsu:ved
from behaviouresl patterns of the animals duriang the cry
season, There wis 2 reductien in feed consumption sgince
the animnls uncder water deprivation stayed recumbornt
under shady trees while those on daily woterinz grosed
more oftcn. Sheep on the 72h and 96h watering recgimen
lost about 40¢° of their body weight at the end of ¢
study. Thc cnirrls grew lean and staggered whoncver
they atizmnpted to greze especially during the week herore
the study wre terminated. The hair cozts were rough
and their hairs were raised, The mid-portion, thot iz
the stom*ch orer collapsed inwards and some 2bnorc L
sounds could be herrd, Towards the end of the ~hwly

animals on trectments 3 and 4 went off fecd n° tiioir



Teble 3.4.3: Flasma mirer:ls of gr:zing Yankasa sheep undsr iats-iiiient watering durin: dry and
wet sea.;ons

e - - m——

DRY SEASGN Treatneals =7 gngoN
1 2 3 4 5 5 7 8 sg’
Vetering intevals 24 48 72 g6 24 Lo 72 96
o of animals 5 5 5 5 2 5 5 5
No of observations 25 25 25 25 25 25 25 25
wgomwwﬁ 5.02 5.16 5.15 544 3.45 Z.28 4 .04 3.935 0.08
ﬁmmﬁmmwﬁamamwpur .
(mg/100m1) . 2 .47 2.72 2.68 2.81 2,00 <07 1.94 2.07 .05
Sodium@dhijk
(nec/1) 139.84  142.53% 147,62 148,31 138.76  140.8% 139465 139,41 0.58
abcdjlm
3 Chloride .-
mec/1 100,36  100.88  102.96  108.18 92.53 03,41  #8.82  96.85  0.(8

Awﬂmﬁamﬁa errcr

84,2,3,4 Vs 5,6,7,8 sig at P/0.01 » ys 2,3,4 sig at P/0,01 “2 Vs 3,4 sig at P/0.01

QW ¥s 4 mvt sig P70.05 mm. Vs 6,7,8 sig =t HUNO.Dm., M.m Vs 7.6 not sig P (.05, @ﬂ Vs & sig at MVNO...O_,.”
T.q Vs N-W-P.ﬁo.ﬁ MMm T... Ooomq .._.N Vs W-b net m..m.m Er O-?W ,um Ts Mwﬁ»mw MPm at ﬂND.OA

K7 Vs 8 nct sig P 0.05, 16 Vs 7,8 sig at P/0.01, ™7 Vs 8 sig ot P/0.01
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T~ble 3.4.4: Fhysiolo:i

¢ perercters ef gr2zihg Yankesa sh uns  intermittent wotering during
dry 2nd wet sels

o

Treatments
DRY_SELSCN =T GZASCN

Croups 1 2 3 4 5 © 7 8 wwg
vatering intervals ) )

(n) 24 L& 72 &) 24 L8 72 96
No of snimels 5 5 5 5 J 5 5 5
No of OWmmmMMHwO:m 70 70 70 70 70 70 70 70
Rectol temp. & 39,07 39.19 39.38 39.59 38.73 33,95 38.94 38.91 0.05
Respiratery '

- tc&befhi] 32 4% 25:T17 20.53 19.87 29,59 2C.24 25.80 25 .43 0.04
i a¥%efghi )
Jaw socmamw& 69.94 54,69 x, - 34.56 50,64 Lt .07 38.50 32.00 1.10
FPulse rrte b 79.95 E5 .40 57 .69 52:70 0.59
AmﬁmznnwA errcr .
©4,2,3,4 Vs 5,6,7 sig 2t P/0.01, Y1 ys 2,3,4 sig at P/0,01, "2 Vs 3,4 not sig P70.05

(3] + y ” * . - m 4
d3 vs 4 not sig P70.05, €5 Vs 6,7,8 sig P/0.01, 6 Vs 7,3 sir o+ r/0.01, 7 Vs 8 sig at P/0.01

hy vs 3,4 sig at P/0.01, 13 Vs &4 sig at P/£0,01, 97 Vs 8 not siz P20.05
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hip bones becime pronounced. The hair of tho unir-18
under whter deprivation pulled off easily by mere touching
after the experiment had pregressed for 40 drys. A
decrease in urine output and ¢ry faeces werc 9150
_ebserved, DMNone of the animals did despite the TN
1nss in weight, These animels recuvered within 1% ¢zys
when they were piven regular drinking watcr. dater
was given once € doy for 5 days and then ad 1ibitun
afterwaris.

In the present study the dry matter contcnt of
the grazed pastures measured was on the averize, Sl
in the dry secson ond 20% during wet season, The
animals dr-nk much less free water in th- wet sctson

compared to dry sesson intakes.
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Experiment 5

3.5: INFLUZIICL COF DIET TYFE ON WATER INTAKS
02 SHEED' £ND GOATS,

There was o significant difference (P/_0.01) in
water int:ke between sheep and geats (groups 1,2,3,
4 and 5,5,7,8). The water intake was $60,1ml
0.

2%

(93.68m1/kgo'73), 995.5ml, (96.71ml/kg
0.
1013ml (94,25m1/ kg 123 and 1257.4m1 (127.53uml1/k%z

Y i

J
for sheep on hcy only (grour 1), hay and whole naize
(group 2) hoy cnd ground maize (group 3), hay and
concentrate mixture (group 4) respectively. The
water intake were 575.4ml (51.3um1/kg0'?5),

404.6m1, (55.05m1/kg”* "), 371.4m1, (50.60m1/kg *7")
and 530,5ml (71.88m1/kg0'73) Lar g;nts on hay only
(group 5), h°y + whole maize (groip 6), hay + ground
maize (Hroup 7) nd hay + concentrate mixturec { zrovn C)
respectively, A significant difference (P/0.1) ir
water intoke existed between animals feeding on hoy
only and 2nimcls on the other treatments (Tablo 3.5.1),
The sheep on tro-tment 4 (hay + concentrate mixture)
drank 1257,4ml (127.55;1/kg0'73) water compared to
?3)

4

those on hay + whole maize 955.5ml; (95-?1ml/kﬂu'
hay + ground mcize 1013;3ml (94.25m1/kgo'?3). Go-t

en hay + concentr:ste mixture drank 530.5ml (71.732n1/0: 73

)

while those on hry + whole maize €rank 404.6 (55,05.1/

- 0. " ) o )
£g ?3) ! gorts on hay + ground maize took 371.,4nls

(:”.le/%gc'?z).



07 Ble 35«13 Influence of dict type on wrter intske snd w:izght irs of sheep cnd ge- ts
Treatments
SHEEFP .. GCLTS
1 2 3 4 5 e 7 8 SE'

No of animals 4 4 4 4 4 4 4 4

Initizl weight

(ke) 20,13 21.0 20.5 20.75 15.15 14,42 14,45 14,13 .33
Finil weight (kg) 22.05 25.13 24.58 25 .25 16.10 16.35 16,25 16.80 0.32
leight gein (kg) 1.925 4,125 4,075 4.5 0.975 14929 1.80 2,75 0,074
Aver: ge daily gain
(xg)ebeefgh 0.048 2.103 0.101 0.112 0.024 0,048 C.045 c,066 0,0018
D=ily pay 1Intake

(g)Pe 538.0  373%.5 377.1 389.5 368.6  137.3  200.3  206.5 5.375
Daily concentrate

mecl intske (g) - - - 271 - - - 167

Doily whole maize

inteke (g) - 271 - - - 1G7 - -

Dnily ground maize

intrke (g) - - 271 - - - 167

Avercge dailywater

intrke2PCdeLE (m1) 960.1  955.5  1C13.3  1257.L 575.4  4C4,6  371.4  530.5 18,83
Average daily . B o B o

woter Msd.n._xm\wmo-.wu 93.5 S6.71 94.25 127:53 57.34 5505 50.60 71.88
1Standerd erres .

24,2,3,4 Vs 5,6,7,8 sig 2t F/C.01, ®1 Vs 2,3,4 sig at P/0.01, ©2,3 Vs &4 sig =t P/0.01

d2 vs 3 sig at P/0.05, s vs 6,7,8 sig ¥/0.01, %6, 7 vs € si. 2t F/0.0

5 Vs 7 :owimwm P 20.05, bz vs 5 nct sig P * 0.6 .
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3ignificent difference(P/0.01) existod betucen
the svercze cd-ily geins of the animals on the diflercnt
diets. Doily weight goins fer sheep were 0.048.:,
0.103ks, 0.101kg, 0.112kg fcr greups 1,2,3 “nd &
respectivelys; while the goats had 0,024kg, 0.043l,
0.045kg ‘'né 0,066kg fo>r groups 5,6,7 and 8 ressectively,
The anim- 13 on hry only gnined the least 0.048kz “or
sheep (zroup 1) 'nd 0.024kg for gezts (group 5). The
animals on nhry <nd concentrate mixture gained most
0.122kg for shcep #nd 0.066kg for geats., Sheep on hay
+ whole m~ize giined 0.103kg while those on hay + ,iound
maize gnined 0,1C1kg. Guats en hay + whole muize ;aoiacd
0.048kg whilc those ¢n hay + ground®meize gained 0,0 kg
(Table 3.5.1). The hay intazke of sheep in groups 2
and 3 were 373.5g ond 377.1g respectively while thote
in group 4 consumed 389.5g. Gozts in group 6 7
consumed 197.3g ~nd 200.3g respectively while thorse in

group 8 consumed 206.5g daily,



90

Experiment 6

3.6: RLESIONSE OF YANKASA EWES UNDER VARIOUS
PHYSIOLOGIC ST TES TO WATER DEPRIVATION

water int-ke rnd performance

Significont differences (F/0.01) were obsurvee
between the viter inteke of the ewes under the dil:irent
watering intcrvils. Water intoke was 1656ml, _
(117.7m1/kg"* 7)Y, 1117m1, (113.06m1/keC-73 ), z201m1,
(187.96m1/ke"* 7)), 1229m1, (95.98m1/kg""7>), 839nl,
f9o.a1m1/kg3'73), 1727ml (152.J2m1/kg0'75), 1212m1,
(83.86ml/k30'73), 740m1 (75-75m1/k80‘73) snd
1264m1 (112_06m1/kg0'73) for groups 1,2:3,4,5;5,C
® =2nimals respectively‘(Table 3.6,1). Under e ¢ wotoring
interval the lrctrting ewes irunk mere water than the
rregnant ond non-pregnant ewes. The ewes under
intermittent wrtering drank water in a cummulative
fashion whenever they had access to it. Fe:d intilic
ef the ewes dropped with weater depriVStign {(Table Ja2.1)s

o

Growth rote of the animals decre sed with incrc zcd wobor
deprivation, The growth rate of the lactzting “ni 2lo
was most scriously depressed with w%ter deprivatior.
Uactnting ewcs on daily wateriig cunsumed 2207ml
(18?.96ml/krc'73) while those en 48Bh and 72h wnturing
interval dran% 1727ml (152.02m1/kgﬁ‘?5) nnd 1254ml
(112,0@m1/qcc'73) respectively. The pregnant 2nircls
dronk 1ees w-ter thzn the lzcteting. The pregnent ciris
drank 1655n1 (117.7m1/kg0*73), 1220m1 (95.9811/k ')
and 1212ml (Cﬂ.&éml/kgc‘73) und~r 24h, 48h n

watering intervels.
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™ ble 3.6.1: Performmnce oI Yonk~er ewes under varieus physiolo ic sTries during w-ter deprivotien
Tre @8 tments
" DATIY wotoring(Zonourly) 4g neurly watering 72 hourly wetering
= - 4
~ \“ m u h.r m - [] m w ”u.“...L
aworv - . _
Nm ww 5 snprsﬁ 34,00 20,00 26.38 34,87 20.13 25.75 57,82 20.50 26.25 0.50
2ins1 weight (kg) 40,35 26.10 31.32 4LO.80 25.40 32.07 37.00 24.06 29.7 0.48
rei-ht gain (kg) 6.35 €.1C 5.20 5.93 5.28 4.33 .08 3.56 2.80 .19
Averege dally
mawuwaw3H5u (kg) 0.14 0.12 0.10 0.12 C.11 0.0° J.08 0.07 ¢.,06 0.002
rdsﬂ.ﬁq.@wwp<
w-y0dfhid gntake 506.00 4C1.30 519.80 481,20 378.9 490.2 437.5 354.4 473.8 3.34
Deily conezntrate _ o
int-he (g) 362.60 310.14 Z64 .80  362.060 N;o.r 364,50 3612.50 310.14 364,80
Avernge deily
wehor tnkeke/ 117.70 113.06 187.96  95.98 90.81 152,02 30.86 76.76 112 06
K - s i i
Amd.ﬁnqwn errer
1,4,7 = Fregnont and non-loct~ting ewes 2,9,8 = non-pregasnt On non=lccteting ewes
uﬁ.w - Lectsting and non=-pregn-nt ewes
e . -~ Q 4 [ . -
84 Vs 2,3 not sig P> 0.05 by ys 3 sig at P/0.01 °h Vs 5,5 ot sit P/ 0.05 5 Vs 6 sig P/0.01
M.m. Vs 9 mw..m. HUNO._O._ WH\# Vs Nuw m..m.m.,._. wd\lOno.._ u‘w Ve T.-@ M...L._.“w muhm, 04 MMw.\x.n Ve an m-m..u si Hv...\M.F.._rs
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Daily weirht goins was highest in the progm ni
ewes nd least in the lactating ewes.. Pregnant evce
in groups 1, 4 #nd 7 gained 0.137kg,.0.118kg 2nd 0,C81ky/
,day respectively while lactating ewes in tre:itmunts
3, 6 and 9 grired 0.104kg, 0.C865kg and 0,056kg/dcy
respectively under 24h, > 48h and 72h watering imtorv. 1s.
The non-pregn-nt ewes gained 0.122kg, 0.1011kg nd
0.081kg when subjected te 24h, 48h and 72h whtorir:
intervals, With increased water deprivation the hty
intake of the prignsnt ewes was mest depressed coap rod
te non-pregn-nt and lactating ewes.

Rlood composition

The serum protein frastions in the ewes' blood
were affected by water deprivation. Mean albumin
(g/dl) werce 3,175, 3,067, 3.375 for pregnant, non-pregnant
and loctnting ewes respectively under daily wotoring
3.375, 3.575 ond 3,633 for 48h watering intcerv:ls;
3.683; 3,808 rnd 3,833 for 72h watering interv-ls,

"2 - globulin rnd —’globulin were highest in pregnoont
ewes under 72h witering intervals with values of .
1.75g/d1 =nd 1.858g/dl respectively. The total scrum
pretein increfsed with increased water depriv.ition
(Table 3.5.2).

The plasme minerals incressed with incrensed woter
deprivation (Trble 3.6.3). Chloride centent of »nlceme
was 98,51meq/1, 103.77 mea/l and 99.38meq/l for

pregn nt, non-pregnsnt and lactating ewes respeciive



T+hlec 3.6,2: mwcoa par urwﬁww om Yark=~s2 ewes under various ph .iolo ic states Curing water
deprivation : S¢re proteins )
Treatment=s
Daily wotering(2bhourly) 48hourly watering 7-hourly watering
Crouns 1 2 3 4 5 5 7 e - - SE
No of ~nimals 4 L . 4 L 4 4 M 4 .
ilo of observations 12 12 12 12 12 12 12 12 12
. mingbcdef
lbunin - o s
lﬁ.r-.wmgw “Mwunﬁwﬁ,ﬁ Waa__. \-O._.. WIWIU. A WIW‘N u-wnm. -‘t..mw .mmu w.m\_ " Womu COO.W..L
Q¢IWOHWCWHS .
/Al 0.34 0.32 0.40 .51 L 0.45 0. L0 0
/ abedfg : S 0.40 0O 40 €51 0,517 0.03
DAFiNHOGCHHS
(z/741) - 0.87 0.95 0.84 0.88 0.97 0.93 1.75 0.98 1.03 0.26
€
“lmww.ccuv.us
My g/dl 0.39 C.lL.6 C.42 C.4b 0.50 0,44 Cebie y )5
pay E fhigkl e C.45 0.54 0.03
~zlobulin
(g/d1) — 1.54 1.24 0.94 1.65 1.26 0,97 86  1.21  1.41 0.08
Totcl protein
(g/a1) 6,31 5.99  6.02 6.87 6.66 5.47 (o34 6.97 735 0.14
Q4 Vs 2,3 net sig P, 0.05, % Ve 5 not sig P 0.05, 4 Vs 5,5 not \.nmm F. 0.05
Mm Vs 5,6 not sig P7 0.05, ©5 Vs € nct sig P -0.05,. Ig Vs 9 not si;; F?20.05, &7 vs 8
A N8 295 sig muN0.0A. ip ye 3 sig ﬂho.om. ub Vs 5,6 sig Huho.o;_. ....... Vs 6 sig ﬁ\uo.om
17 v: 8,9 sig P£0.01, "8 Vs 9 sig P/0.05

Amwa5<wﬁa - error

144,7 = pregnant and non-lact-ting eves
rmrm = non=pregnant md non-lrctrting ewes

0,9 ~ Lactating and non-prcgn-nt ewes,
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rs ol Yenk:sc ewes under various pavuicoesic stotes durin. woter
Flrems minerals

Croups

o of cnirals

o of observatiens
nwwowmamnmmmsw

(meq/1)
abcdef

Jodium

(meg/1)
ﬂo&nmmwcamwowgw
(mec/1)

Treatmentts

Tloourly wotering

Daily wa ....H..L.._:.W.MANPWJDCH;HM‘U .\wmgnz.pw:u.vw i.,\..ﬁ.uu)HbP“

N ==

98,51

3 4
b “

12 1

7 8 9
4 5
12 12 12 12

=M
A6 B =S |
£ 0
S
U
(23]

(L%
—
Mo

102.77 99.58 105.05 108.43 105,50 105,52 107.77 107.22 0.82

142 .02 143,63  144.98 143.88 145.5C 142,39 147.04 145,12 1,93

1.83  1.79 2.30 1.51 2,73 2,75 2:61 2,68 0,06

t P/0.01,

L=
s 5,6 sig at P/0.01
7 ~ Pregnont and non-lict ting ewes
‘6 = ncn-pregnant 2nd non-lcctsting ewes
9 « lact ting and non=-prcgnant ewes

not sig P> 0.0Y,

um Vs

-

°2 Vs 3 nét sig B~ 0,05, 4 Vs 5,5 not 215 F 0.05, % yg5 6 sig at P/0:CS

8 Vs9 not sig P70.05, &4 vs 2,3 si; -t 3/0.01, P2 vs 2 sig at P/0.01

P: .05, X7 vs 8,9 sig P/0.01. Vs 2,3 sig at P/0.05

nat sig
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under dcoily (24h) watering intervals while for 4Ch
interv-1s it w's 105.03, 108.43 and 105.6Emeqg/litro;
and 106,52, 107.77 #nd 107.22 meq/l fer 72h w.torin:
intervale, Plasme sodium values were highost Jor
weter deprived cewes cgmparcd to animals on daily watcring,
Bwes sublectcd to 72h watering intervals had 145,39
for prognant, 147.04 for non-pregnant znd 145,12rca/l
for lact~ting ewes. Spdium levels were 141,22 for
pregnont, 142,02 for non-pregnant aond 143,63 mec/l
at 24h wtering intervals.

Pl smc potrssium values were highest in pregnoeit
ewes being 4.838 meq/l, 5.162 meq/l and 5.989 muc/l
for 24h, 48h rnd 72h watering intervals rcespectively,

Plasmc magnesium values were highest for cwee vatered

a1t 72h intervals being 2.75 mg/100ml, 2,60m;/100ml
and 2.687miz/10Cml for pregnant, non-pregnmt anc
lactating cwes respectively.

All thc blevod cumpgnents were elevated with
incre sed woter deprivation in pregnant, nons~pregr.anc
and 1hct~tirg cwe (Table 3.6.4) except alknlinc
phosphatase levels in lactating ewes.

“lknlirc phosphntase was 52.7 i.U./1 in 1l ct tizy
ewes subji.cted to daily watering while it was 1€,00.,u./1
in 48 nd 72h groups of lactating ewes.

Poeked cell volumeg, Haemcglebin and blood ursc:
nitrezen oxhibited significant differences (P/2.CL)
betw:en the ewes under 24h, 48h and 72h watoria
int:rvnls. The ICV, Hb and bleoed uren nitro:cn incr

in ewes with incremsed water geprivation,
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Tcble 3.6.4: Plcod parameters of Yankasa ewes under vorious paysiole ic st-tes durin b2
deprivotion : 2locod BRioehemistry
Treatments ..Mw
Daily wetecring 24hourly) 48hourly watcring czhourly watering
Groups 1 2 3 4 5 5 ? & 9 SE!
llo of cnimals L 4 4 4 4 4 4 4 4L
No of observeticns 12 12 12 12 12 12 12 12 12
3lood urea
ebcdef

nitrogen = 5 B

(mz/dl) eghtsk 117 9.71 10,2 13.2 10.36 11.15 17 .68 12.47 11.83 0.53
dr 501H0UH5 i i . :

nJVQHJ utmw;“ m'qp m.Am AO‘OW wtm\w »..'IU.. x...-.;lr.w.u mwlm\N mlNN o.mm
MWWMWUWWM.ML 88932 7442 €000 £842 €925 5475 10283 7633 7800 59.2
Red blood .
cel1cdklmn 9.05 9.25 8.27 10.13 8.62 3+ 01 b2 9.58  7.68 0.28
PCVECEijk 30.00 29,75 2425 32.92 29.25 25.83 2,75 29,50 24.50 0.86
McHcbedefl(g/31) 32,13 322,77 33.84  30.49 33.52 32,96 I3.14 33.46 33.72 0i€1
yvicyodefhl _

nwicogram) 10.96 10.78 10.08 9.89 11.24 10.64 11:53 10.34 10.84 0.39
Mcevdflmne

($émtol rtres) 33.35  32.82  29.14  32.M1 34,01 32.50 3.81 30.% 31.18 1.16

A ]

Alkeline Wdeleng

womvw w se = i B
w i | 26.9 55 o &t 52.7 61.2 58,2 45.0 1.9 69.0 46.0 6.69
849 vs 2,3 sig at P/0.05, “Z Ve 3 nct P~ 0.05, €4 vs 5,6 8iyg ot P/0.01,, 9 vs 6 not P 0.05
e g sig P> 0.05, ¢ v; ig P O, i Ve 3 5i€.e Bl

7 Vs 8,9 net sig k. J“ " Vs 9 mot sig P 0.05, &2 vs 3 sic at P0.01, Sr Vs 5,6 sig 2t P/O.
i5 vs 6 sig st P/0.05 J7 Vs €,9 sig at P10.01, kg vs 9 sig 2t I/ .00, p4<m 2,3 not sig P 0.05
M2 Vs 3 sig ot P/0.05, ™7 Vs 8,9 sig at P[0.05, ©4 Vs 5,6 noi "1~ I+ 0.05, Pgys sig #t P/0.05
21,2,3 Vs 4,5,6,7,8 no: =iz P »0C.05

den:awwa errir. %

v
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Toble 3,6.5:

Physiolo-ic parrmeters of Yankasa ewes during v

ter de viv:e tien

Treatmentts

e U

Daily wotering{24h-urly) 48heurly watering

1

=t

Jnturly wetering

0.83

0.29

0.03

. o ‘
84 Vs 2,3 net sig P7C.05, L2 vs 3 net sig F #0.05 , L Vs 5,€ rot sig F~0.05

dg vg 6 not sig P 0.05,
€1 vs 2,3 sig P/0.01,

1
& [

®7 Vs 8,9 net sig P, 0.05, 9
. ,3 sig P/0.01, 14 vs 5,6 sig P/3.CT, 95 s 6 ¢
k7 vs 8,9 sig /0.01, g vs ¢ sig P/0.05,

M8 Vs 9 sig P/0.01

ncy. F: 0.7

e
b -
lr_ll

sig P/0.01

5
Groups 1 z 3 A 5 5 7 ) g
Wo of cnimnls 4 4 4 4 4 4 4 4 4
Yo of observeticuns B0 &@ 850 80 80 a0 oo 8C 80
Jow movemeBECY°T 59,87 50,20 sE.21 52.26  51.06 49,43 45,25 45,68 45,49
Respircetery
rrteEhidkl 26,556 27.72  24.36 24,67  20.62 22.43 23,28 20.18 21.13
Rectnl chiskm
temperzture g 33.95 22,66 38,79 39.15 38.86 33.08 192,46 39.00 39.00
T,0,7 =~ FPregnont ld NOn=liCls LIDE ewss 2,5,6 - Non-pre.on-pt .l non-lacteting ewes .
3,6,2 - Lacting and non-priégnont ewes
Tet-rdrrd errer
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Physiologic parameters

T~ble 3.(.5 shows the results rf the different
physiologzic perrmeters measured in the study. Jow
mevement wos sipnificantly affected (P/0.05) by wotor
depriv~tion ¢nd it decressed with increased witering
interv:ls, Respirntory rate also decreised while
Rectal temper: ture increased with incre~scd wrtcring
intervals, The pregnant ewes had the highest roctnl
temper ture followed Ly the lactating ewes and the
non-pregnont o ¢es which recerded the least roctal
temper turc ot ecch watering regime.

Milk yicld ~nd compositisan

Milk procuction.ef the lactating ewes decre-ged with
incre-sed wricring intervals (Table 3.6.6)., The
percentagze milk components namely the total solids,
selid not f-t, frt, ash and crude pretein incrv sed
as the water fr:ction decreased.

FReproductive performance

Table 3,0.7 shows the reproductive perfor:once
af the pregnent Yonkasa ewes under water deprivotio,
Abortion rate increased with water deprivation nnd the
.eu1ly stillbirth wrs recorded under 72h wateoring irt.ov-ls,
Lamb mort-lity wes highest with ewes most deorived of
drinkin; witer. Pregnant ewes subjected to 72n wtoring
irtervel aprerred unecmfertoble, very nervous ¢ also
showed more frequent blenting., Heavier 1ombs were Dor

Yy ewes th t Lnd deily drinking wnter comp~r.od To wator

{eprivaed evecs. The ewes subjected to wntor desrl-r Lior
were obscrved to drink in e cumyletive fashion,
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Table 3,5.6: Milk yield and compesition of l=ct-ti:ng
Yankasa ewes under water deprivacion

Treatments
Paily
watering ,
24 hourly 48hcurly 7Zhouriy SE

-

Group 3 6 9

Ne of anim: ls L 4 N

Average milk yield/

head/ 3,80 (m1) 135.6 a7.8 50,6 4,36
Totsl s011as®P (¥) 14,97 16.51 19, 21 0.51
Wat.r content (ml) 85,03 83.49 83,7¢ 0,80
felig no £:¢¢d _

(%) (3NI) 10.95 11.73 1% .4 0,5€
F‘;}tab (,:") !4.02 L".B‘[‘ ').?:’ C‘.‘]’?
Ash®P (91 0.72 0.79 ),€0 0.02
Crude protcin®d

(cp) % 6.1y 6.67 7,02 0.64
- .

Standard error
%3 Vs 6,9 sip et F/0.C1
®6.Vs 9 sig at F£0.01
©3 Vs 6,9 sig ¢t P/0.05

. vs 9 not sir F 0.05
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Table 3,6.7: Birth recordsasfepregnant Yankasa ecs
under water deprivaticn

n
Treatments
fk'TilY '{’Pho To2novr v
s < Ur‘ly f:"' e .-’[
watering watering watering
(2Lhourly) :
Group 1 4 7
No ol ewes 4 4 4
Twinning r: tc, 25 0) 25
Singles, 3_ 75 75 25
Stillbirth, 0 0 12,5
iAborti mn, (,: n 25 o 30
Malcs 8 6O 33:33 C
Females, & 40 66 .67 LO
averige birth weight
of singles (kg) 2.0 2.57 2.5
Average birth weight
of twins (Kg) 2.5 - 2.0
Average birth weight
of 1lambs (kg) 2.75 2.67 2eeh
Mort-ality in thc
first 3 months 20 D3 e 3D 50
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Experiment 7

3.7: EFFLCT CF FEED RESTRICTION ON WATTR
REZQUIRENINT OF SHEEP.

There wes a highly significant (P/0.01) effuct
of foed intcke on water intake of the animnls in the
two tri-ls (teble 3.7.1 2nd 3.7.2). In triil 1
animils tr in trecatment 1 thet had abundnnt foed
supply tool: 1123ml {116.13ml/kg0'?3) while tho:ze
animals on 7Zhnurly feeding drank averagely 573nl
(6&.25m1/k50‘75). In trial 2 animals in tre .ti.nt 1
»n full f.od érink 1117ml (112.9&m1/kg0‘?3) waile thoov in
treatment 3 on & querter feed drank 682ml (72.25 1/kL~= 'r?)-
The fecd intcke of the animals significantly (P/0.01)
affeccted their zverage daily weight grin, In tri:11
animals on trectment 1 gained 0.115kg per doy whilc thore
on treatacnt 3 pgoined 0.031kg. In trial 2 aninmale on
treatment 1 (full feed) gained 0.124kg while thocc on
treatment 3goined 0,044kg. The plasma sodium for caincls
in treatment 1 (trial 1) was 148.1m¢q/litre, trostount &,
146,11 and trertment 3 144,70 and were significinily
(P{0.05) diffcrent (toble 3.7.3). The lat*er wers time
fer tri~l 2 (trble 3,7.4). Significant differencec
(P/0.05) existed between the plasme potassium, mogmesium
and sodium (meq/l) of shecp on adequate feedi.s and Uhrt
of those shivp thit were © inadequately fed (t blo Z.7.3
ard tivle 3,.7.4). The plane of feeding (full, . or

simificontly (P£0.05) affected the blood ur.a n.l
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Table 3.,7.1: Performance n{ sheep en feed deprivation

(Trial 1)

N¢ of animals
Initinl weiyht (kg)

Final weizat (kp)P
CR & ¢! (k;.‘)c

—

Weight
Average Dnily grin
(ke)P

Hay int ke (g)°
Cuncentrate intcke (g)
Water iat ke (m1)€

Water int-ke ml/kg0‘73

Tre~tments
1 2
i 4

19.50 19.13
25.27 22.48

577 3.35

0.12 0.77
44B8.55 246.10
333,00 166,50

1123.00 865,00
116.13 84532

3

4

20,80 3
0.05 C

168.75 0,7

113,22
573,00 20
64 .23

Stand rd error

L 4

1 Vs 2,

A&

1 Vs 2,3 sig et EL0.0B but 2 Vs 3 nct
sir ¢t P/0.01 but 2 Vs 3 sig

1 Vs 2,3 sig ¢t F/0.01 and 2 Vs ' 3 sig at P/0,01

sig Ps 0.05

A
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Teble 3.7.2: Performance «f sheep on partial fecod

restrictien (Trisl 2)

Treatments
1 2 3 sivh

Ne of ~nials 4 4 4
Initial weight (kg) 20,03 20,33 20,63 0.47
Finnl weight (k)P 25.57 23.90 21.87 0.45
Weight 3rin (kg)© 4,05 3,40 1.70 €.00
Average dcily grin o
(kg)c 0,124 0.08 0.06 (,002
Avernge dvély hey
intake {g) 430 199 125 3242
Average concentr: te )
int-ke (3) 333 167 183
Averape doily wrter
intake (p)d 1117 691 632 23 (12

yatcr anil ¢
aAver 'gec anlil wo ter
e B

intake rl/k% 112.946 72.05 72.25

- 8 m—

1
Stand-rd error

Py Vs 2,3 sig ot P/0.07 but 2 Vs 3 sig at P/0.05
€1 Vs 2,3 sip ot P/0.01 &nd 2 Vs 3 sig at P/0.M1

1 Vs 3,5 si; »t P/0,01 but 2 Vs 3 net sig P~>3.05
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Table 3,7,3: Blood parameters of sheep on foad
deprivation (Trial 1)

Troeatments

1 2 3 ok
No of animils 4 4 4 ,
Serum albumin (g/d1)¢ 3,23 2.97 2..64 Uie Ol
Blood uret nitrogen
(mp/d1)e 10.9) 8.67  9.55 C.iC
Plnsma sodium (meqg/litre
'_]_itre)b 148,10 146.11 1“‘4.?0 G’E‘._E')
Plasma potreo=zium
(meq/1)¢ 4.80 L.76 4.61 C.03

Plasma mognesium (mg/d1)® 2.83 2.89 2.86 .02

Flasms chloride

{(meq/1)¢ 107.517 106,52 108,18 0,44
Total protein(g/dl)® 6.3% 5.7C  5.17 0,06
MCV {femtolitcrs)® 31.31 29.55  2h.10C 1,60
Hb {g/d1)° 10.68 9.08 7.63 0,14
MCH (picograms)© 10.14 9.70 8.63 0,00
Loy © 33.00 27.75 23.00 0,50
WBC® 10363 17181 9156 154,47
RBCC 10.56 9.36 8.83 0,13
MCHC {(z/21) 32.41 32.88 32,18 0,29
Alkaline phosrhtese '
(£.U./1)d 68.2 A 4.0 .07
)

Strndnrd error
81 Vs 2,3 sig 7t P/0.05 but 2 Vs 3 nct sig P, 0.05

1 Vg 2,3 sif :t B/0.01 but 2 vs § sig ot P/O,05

O
LN
<
e
14
-
LY

sig #t P/0.01 and 2 Vs 3 sig ~t P/O.01
5 osig ot P/O.O1T but 2 Vs 3 not sig P ULDD
not sip FP.o 0,05 but 2 ve 3 sig a2t P/0,05

D [
— —_—
=5 =3
v} T
[\
& ~l
[ IR
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Table 3.7.4: Blood pafgmeters cf sheep on pirticl
restrictign (Trial 2)

Treatments

1 2 3 5!
No of mnin~ls 4 A il
Serum albumin (g/d1)d 3,67 3,09 3.07 0,05
Blood urez nitrogen ,
Plrsmn sodium
(mea/1)c 146.53 145,52 142.32 G.59
FPlasma potrssium
Flasma mancsium
(me/dl)e 2.87 2.88 2.84 0,01
Pl~sma chloride
{meqg/1) 106.18 106.74 106,97 Q.4
Total protein ‘
(g/d1)4 6.9C  5.95  5.95 0,0
RBCY 11,20 9.35 8.82 0,29
Hb (g‘/dl)b 10.06 3.69 Q3D Cs11
MCH (picnﬁrrmS)d 2+09 10.00 10.99 0,31
MCV (fertoliters)® 28.12 30.50 29.79 0.74
MCHC (3/d1)°¢ 31.13  3h.b2 36,77 043
peve 31,25 28.21 25.67 0.553
whe 20125 19695 17584 5&7.00°
alkaiine phosphr trse =
(h,U./1)8 81.5 30.0 38,3 _ _4.49
1stindard error
81 Vs 2,3 sip t P{0,05 but 2 Vs 3 net sig P 0.5
“1 Vs 2,3 sip rt FL0,01 but 2 Vs 3 sig ot P/0,05
€1 Vs 2,3 siy ot PL0.01 and 2 Vs 3 sig t P/0.01
41 Vs 2,3 sig t F/0.01 but 2 Vs 3 nct sig P, 0.05
“1 Vs 23 3 not sig P> 0.W5 but 2 Vs 3 sip 2t B/ 3.00

t4 vs 2,5 21 ot B/O.U5 =nd 2 Vs

3 Sif_’ PZ:.O‘ | ‘{_-f
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(mz/d1l) being 10.64, 10,03 and 9.19 for trert.unt
1, 2 ond 3 respecitvely. Frequency of foeding
(table 3.7.3) significantly (P/0.01) affccted the
serum albumin (g/dl) which were 323, 2.97 ~nd
2,64 for tre:tments 1, 2 end 3 in trial 1. Serui
albumin, tot:rl protein values, Haemoglobin valucs,
prckd cell volume and RBC were reduced with fced
depriv tion.,

Feed intake significantly affected (P/0.01)
cert~in physioclogical parameters of the 2animale s
showm in (t~bles 3.7.5, 3.7.6). Animals in tre. coont
1 in beth trirls 1 and 2 had slightly higher rect: 1
tempor: ture of 39,53 and 39.43 respectively compared
to 39.21 ~nd 38.83 of treatment 3 in trials 1 aod 2
respectively,., The jow movement-dats of ninils in
tre~tment 1 in both trinls (63.29 and 62.92) erc
signirticntly (P£0.01) higher than 44.84 and 34,03
of tre~trment 3 in trinls 1 and 2 respectivoelys Tulsc
rtte and respirctory rate of the animels were
signific ntly (1/0.01) affected by the trontuouts

imposed orn them,
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Table 3.7.5: Fhysiolngic parameters >f sh=2p on
fced deprivation (Trial 1)

Treotments T
1 2 3 el
Ne of ~ninals 4 4 4
Pulse r te/min® €5.11 57.50 52.36 0,32

Respir-tory r- te/min® 24,75 22.55 20,75 0,23

Jaw moveront/win® @3.29 53.75 44.84 C,5¢

d
Rectnl tcnper‘turuoc 39.53% 39,20 39.21 Q.02

1
Stand »rd error

€1 Vs 2,3 sig ¢t P£0.01 and 2 Vs 3 sig "t P/0.01
41 vs 2,3 sig ot P/0.01 ut 2 Vs 3 not sig P 0,05
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Table 3.7.5: TFhysiolegic parameters of shooep on
prrtinrl feed restriction (Trini 2)

Treatments
1 2 3 2 :1
No of ~niucls 4 L . 4
Pulse rotc/win® 71.47 65.89 62.26 G52

Respiratery I‘:‘t(:/rr'-ind 24,90 21.66 21.48 018

Jaw mov mvnt/minc 62 .92 45.11 34.8° L4350

Rectal tempcr: ture tCd 29 .4% 39,.0% 38,84 ¢,02

Tét“ndﬁrd.crror - .
€1 Vs 2,3 si' et F/0,01 and 2 Vs 3 sig nt P/0.01

5 :
1 Vs 2,3 sig ot P/0,01 but 2 Vs 3 not si: P,~C,05
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3.8: I&¢s2CT CF FLE GEMLE ON WATER INPfAKZS OO

YANKASA SELEF AND MARADI GOATS.

Water intrke of the animals varied with lhe r-tCio
of concentr:te to roughzge in their diet. The zl.cep
énd goats in trectment 4 fed en a diet of 70:30
concentrate to roughage drank the largest quantizy
of water 15G6.2m1 being (146.92m1/kgC*7°) and 133.0¢
mls/kg * "2 deily for the .geats resmpectively,

Sienificsnt differences @/0,01) existed bolice: sheep
and gozts in witer consumpfion on gorrespondin; diet
(T=ble 3.5.1). The tetsl dry matter (BM) int:le oo the .
sheep on tha dil'ferent dlets were about th: swae; Tl
same was true of thg gecats. The DM intuke ol i
sheen w:s hirhey than:thﬂt of their goat counter~ rt¢ or
corresponding diets. There was a linear preduction in
water ini-"e with a reductiuvn in concentrate rutico,
Goats on 72:720 concentrat&on te roughage ratio had

1050.1ml (133.09m1fkg0‘73) ef water caily compar.¢ o

ci

611.5ml {V?.11m1/kg0‘73) 2f. grags on 30:70 concert
to rough~ge, .w ‘

The doily weight gains ;f the animals wvere
significentiy (I/0.01) affected by their racion~, = ogg
on diet consisting of 70:30 concentrate to roug e
the hignest aversge daily gain (ADG) ef 0.15k7 wiiile
those on 20370 r:tio had ADG of 0.09kgs QConts on 7. .7

cencent: te to rough: ge retio in theirgdiet n

highast ~ILG of 0,07kg while these 7n 30:70 had ..0X N =% ¢
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£ e s o
U

Concentrzte tc
roughage ratie

-

0 01

animals
ial weight (kg)
Finel weight (kg)
h

Avercge daily
W‘Mﬂmﬂmﬁm mrmv
Averége daily hay

int- ke (g)
Concentrate intake (g)
Daily weter intake

intcke2bCde (199

2ily water intake

(A%

PO
-] —
.

12C.16

-t

CLLvaPtion and weight

Treatments

- . -

2 3 “
LQ: €0 €0: 40 30270 T0s3D
4 4 4
21.25 21.00 21.79
27.83 25 .68 29 .45
6.57 4.67 )

-
o An

Ul
-
~]
o o

.,.l_lug;“ OI\_u Odﬁ.___mw ﬂ.u-Am

381.3 225.0 £55.7 B DnD
27€.° 414,6 207.7 483.8

27.8 14€4,5 1055.9 156€.2

141 .73 105 .91 146,62

(
~)
®0)
[#5]
tr1

N
LD |
I

‘I-_
i
-

A
m
P
b <]
.y
-

4%}
r‘
{
.-
sl
(&)
-5
-
un
=3
O
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[
.
—
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rj Y
.
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o

3tandard errcr

@1,2,3,4 Vs 5,6,7,8 sig at F/C.01,

5 Vs 6 sig at P/0.01,

e ¥ i
L.w Vs 4L

7 Vs 8 sig at P/0.01,

Y1 vs 2 sig at B/0.01,

Vs % sig et ©/0.05
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Table 3.8.,2;: @Zffcct of feed pre®cessinrg #n the performence
of Yankssa sheep.

Al A o ——

Treatments

1 2 3 Z i
Ne of animals 4 b 4 L.
Tnitial weight (kg 20.75 20.25 20,00 20,70 G.45
Final weight (17, )MC L 26,23 26,80 24148 25H,F7 0 (0,F9Q
Weight gained {kg)®© 5.35 6.55 L.60 5.20 9,19
hverage Daily gein (kg)¢ 0.11 0.13 0.09 0.1C 0,004
Average daily hay
intake {p)d 354,4  381.0 327.1  36%1,2 .01
Cuncentrate intzke (g) 260 260 260 250
Dailly wnter iatcke
(m1)b 408 1236 1182 257 2042

Daily water intike . ’
ml/kgo'73 140.52 123,23 122.74 127.00

- ————

1Standerd‘error
81,2 Vg 3,4 sig ot F/0.05
by.2 Vs 3,4 sif st F/0.01

“1,3 Vs 2,4 sir at 1/0.05

49,2 Vs 3,4 siz et F/0.07 and 1,3 Vs 2,4 sig at P/0.07

—
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There was & significant differences (P/0,01) in
water intake of sheep fed en miiled and unmilled
cencentrate (Table 3.8.2). Significant differences
(P/0.01) existed in average daily gain between sheep
on milled concentrate versﬁs unmilled and chopped
hay versus long hay., Sheep.en milled concentr.te
and chopped hay had thc highest weight gain (ADG) of
0.13kg per dey and censumed pere feed than the other

"

groups (Tuble 3.8.2).
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DISCUSSION
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DISCUSSION

Activities of all living organism are intimately
associated with water. Water supplies the matrix ond
participates significantly 1in 2ll living processes,
There is considerable variation in total body water
content among different species, ages, sexcs, nuiri:.ional
states, and virious other conditions (Houpt, 1977).
Leitch =nd Thomson (1944) reported that loss of wrter
from the bedy is continuous, and that over 2 period of
time a deficit in body water develops which is corrccicd
periodically by the intake of water, The latter vorkors
noted that severzl mechanism control the amount of water
intake so that it equals the body water deficit. ater
depriviotion causes both the sensation of thirst ond an
associated behaviournl drive to drink watcr.
andorsson cnd McCann (1955) have shown thot the centre
controlling thirst and drinking behaviour is loc~ted in
the medial hypothalamus,

The bulk of water obtzined by the nnimal is usuvoily
as drinking wrter, under certain circumst-nces nmuch
water m2y be obtrined in food, Most fecdstuffs ccntain
at least 2 smell 2mount of wnter, and lush, green
vegatotion moy contain 75 to 90 percent water, llon-
lactating ruminonts on succulent pasture may ing.st
1little drinking woter (Houpt, 1977). The oxid-tion
of fredstuffs olso ylelds some water. Houpt (1977)

reportcd that the oxidation of ezch gram of earhochi~'r~ic
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yields 2bout 0,6ml, O¢ water; the corresponding cnoun s
for fats ond protein ore 1.1 2nd O.4ml respectively »op
gram met~bolized. The latter further stated th.t this
oxid~tive or metrbolic water comprises only 5 to 10
percent of totrl woter intske and remeins constont
provided metobolic rete is constant,

Adequrte supplies of weter are an essentil pre-
requisitc for any livestock production entorprice,
Unless woter reouirements are known unicr 111 dictory,
environmental cnd physiological conditions thut will be
encountered, it 1s pessible that what may apoear adequ te
at on: timc could be insufficient at another,

water is rcquired by ruminants (infact by a2ll
animils) for production nceds (especially for me t ond
milk) ~nd it is constantly nceded to balance the
continuous losses from the kidneys, skin and lung:s,
Attempts to provide basic data for water roquir.ments of
Nigerian sheep ond goats and the factors that inJdu.nce
these requircments were the ¥2sis for the present siudy,

Watcr balonce

The first trinl was conducted to study the w ter
delance of Yonkasa sheep and Marsdi goats. Resulis
Indic~ted thot Yankasa rams consumed more food  nd
water "nd goined more weight than the Maradi hucls,
Yankasa shccp grined 0.15gkg:pwp'day while M r~di

fFacts giinent C,077kpe The animals h=d adeqguate
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nutrition nnd their movement was restricted in the
metabolic cages. This may account for the high wiirht
g2ins, This growth rate is slightly higher thon what
was obtzined with the same "reeds under pen or grazing
conditions, Wilson (1976a) reported average weight
grin of 82g per day in Southern Darfur sheep, Simil rly
Wilson (1976b) obtrined weight gains of 87g per dzy for
kids up till 3 months old =»nd 67g per day to & monikhs
of age in Southern Darfur goats In the Sudan, These
data confirms the findings of Gihad (1976) who notcd thnt
goats fed tropical natural grass-~hay had a lower int-ke of
water than sheecp. Gihad (1976) suggested that low consumption
of wnter was @ factor in the detter utilization of puor
quality forages by goats,

The Yankese roms also had significantly (P/0.01)
more faecal output compared with the Maradi. Wwater
intoke ~nd wrter loss in urin: and faeces were signiiicontly
(P/0,01) higher in sheep than in goats. The study shoued
that Maradi gorts can tolerate hent stress better than
the Yank~sa sheep. The Maradi gorts drank less wotol,
and produced dricr faeces than the Yanknsa sheep, wiiich
is an indic~tion of better wnter conservation mechanicn,
The percentrge faecal water rrnnged from 5C«30% for Yankosc
sheep and 40455 for Maradi gonts. This obscervation is
similor to v"lucs of 57.1-57.6% found in Cheviot cro.g-urcd
wethers (Bailey, 1964) and 54~57% in Columbiz weticrs

(wallace et 1, 1972). Yankasa sheep voided 501,1ml of
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urine daily while Maradi goats excreted 382.9ml1 dailiy,
This is in cgreement with the report of Houpt (1977) who
stated th~t if 2n excess of water is ingested, urinary
volume will rise. The excretion of water by the kidney is
controlled prim:rily Wy the antidiuretic hormone (ADI) of
the posterior pituitary gland. If an animal is overhydrected,
less ADH will be present in the blood, 2and the concentration
of the urine m~y decrease until 1t appronches thot of the
plasma (Houpt, 1977).

Daily metabolic water intake of Yankasa sheed woo
19.02ml/kg0'73 which was significantly higher (P/0,01)
than that of Mar2di goats (16,85m1/kgo‘75} (T~ble 3,1.2). The
metabolic wnter intoke for the sheep was 8,46/ of total
intoke while thet cf gosts was 9.84% of the total weter
intnke. This observotion is in agreement with the
findings of Houpt (197?) who reported 5 to 10! for
oxid~tive w ter intcke in ruminaats,

In the present study, the sera znd uriniry sodium
ions (Na%*) =nd potassium fons (K*) were determined,
Sodium is the mejor cation of extracellular fluid,
Houpt (1977) repcrted th~t a relatively const-nt na*
of the extra-cellulsr fluid is attained by regulation
of both int-rke ~nd excretion of sodium so as to minti.in
a salt balance, Osmoconcentration of extrzcellul~r fluid
is controlled primarily by varistions of water intrlke und

excretion. Potrssium is the meajor cation of the
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intracellulor fluid, nnd 89% of the total boly ccrlient
of potassium is locnted within the cells (Houpt, 1977).
Renal handling of potassium ions involves excninges of
K* with Na¥ potyeon tubular fluid and plasma. Tac
exchanges are influenced by Na* and hydrzen ioms
(H*) concentrotion of extracellulor fluid. The lat:icr
mechanism tencs to maintain a constant Na‘* concentr tion/kK*
concentr-tion ratio in extracellular fluid.

The results of the study showed thnt the shecep
utilized 72,27% of its total water intake for
evaprrative ccoling while the goats used 69,955 Jor the
same purposc, Environmental temperatures ringed from
21-390C during the period of experimentntion, Tuhe
two specics (sheep 2nd goat) had high evapor:tive wotor
loss because the study wis conducted in the hottist
time of the yerr vhen minimum relative humidity w s 12%
and maximum wes 67%., Wallace (1972) reportol thit
Columbia wethirs used 45,3-53.2% of their witer iat ke
for evapor-tive cooling when maintalned at 20-26Dc.

At high envirommentzl temperstures, evaporative water
loss plays on important role in regulnting boldy
temperature., Blaxter (1962) has shown in sheep 2nd
cattlc thnt sensible heat loss by conduction, convection
and r~di~tion fecll and evaporestive losses ric 78 the
temperature difference between enviromment =n! by

narrowels Certrin desert-dwelling ungultos rc
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physiologicnlly adnpted to 21low bady temperaturc to
rise, thercby storing heat and thus lowerin;; the
requircment for evaporotive losses (Taylor, 19702 nd
1970b), Bloxter (1962) demonstrated in sheep thot
evaporative woter loss was relatively constant up to
2500, but rcse steeply above that temperiturc, This
would appecr to account for the high evapor~tive wter
loss in thce present study since Phe environmental
tempernture wes high (maximum, 3900);

Degen rnd Young (1981) reported thot evapor tive
wnter loss wes 38,0-55,7% of total water loss for
Suffolk ewes meintnined at 200c. Degen anl Young
(1281) elso reperted that percentage of faecnl wter
rongze! between 50 and 63% for Suifrlk ewes.

Schocn (1€68) noted thnt hect stress stimul-t.d the
drinkingz eppetite of East African goats and ~lso induc.d
grenter reabgorpticn of water iy the kidneys ©s well ©s
oy the put,

Kinne ¢t 21, (1961) reported that, in the coge of
Mcrino sheep, under conditions of dehydr=tion the rotes
of excretion of potassium 2nd of sodium remainel the
same or both acturlly rose as water excretisn Jdecroe zel,
The latter workcrs suggested thrt this wns partly Jue
to the influence of the hormone vasopressin,

Th: resultes of the present trial show tihatt NI oocisg
Inli o nous ports economisc witer better than their

sho2p c.unterp ' ris.
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Specics nnd breed differences
in water metobolism

Part of the present investipgcotions were conducted
to detormine species and breed differences in watoer
met bolism. Results showed a significant diffcrence
(P/0.01) betwuen the water intake of sheep nn! o ts,
and also between the various brecds. This concurs with
the results of King (1979) who observed significont
differences in the amount of water intake nl turncvoer
amon/; spzcies,

The body composition of the animals were detormined
at the enld of the stuly. The results show thrt wiicor
content of whcle bodies of sheep ronged between 52,37 =
71.51% 1liveweirht (L.W.) while values for gots werc
48,16=74,69% liveweipght (L.W.),' Taparetto (1983)
reported 34,6=72,7% liveweight (L.W.) £ r shocp ond
55.,1=75,7% 1liveweight (L.W.) for goats., Protein volucs,
es percent. ¢ of L,W. ranged Between 11,29-16.50 for
shoep, while velucs for goats were 13,98-17,47¢ L.,
Workin: with European Wrecd of sheep and roats
Panar:tto (1963) obtained protein velues of 9.5-10,00
L.W. for sheep znd 14.,2-18,2% L.W. for goz2ts, Simil rly
when the whole bedy fat content was exprcesscd 7.8
percent-gze of L.W. 11.31-29,.80% for sheep and
3.56=33,03 fur go-ts were obtoined, Panar tt> (1943)
obtoined 5.8-52,4% for sheep and 2,0-25,3% for guotz,
Whole boly ash obtained for the sheep in tho prosent
trisl ronped between 2.62-4.€3% L.W. while 2,07-7.02¢
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was obtained for poats. Panaretto (1963) obtain:d
2.5=5,2% L.W, for ash in sheep and 3.8-5.7% L.J. for
gorts, Ranjhen et al, (1982) reported €5.8% L.. as
water, 13,45 L.W, as protein, 13.2% L.W, as fat ~no
4.1% L.W. for ash in Muzaffarnagri breec! »f shoeep,

There eppears to be 2 wide range in whole boly £2t
gar goots. Mculton (1920) recorded a2 fot content of
1.9% L.W. in on 11-months - old steer; widduows.n et 21,
(1951) found 1.1% fot in humen cadaver; =n! Rathbun -n
Pace (1945) found 2 fat content of 1% in guinea-pi, o,

Tot2l boc'y wrter is the key compositinn of tho
living rumincnts #s it 1s in monogastric animls
(Panarctts ~nd Till, 1963). The mean water contort of
the empty buly (% EBW) of the Ouda. was 61.8, 56.5 for
Yanknsa, 68,1 for Seshel pgovats and 51.6% for Marali,

This agrcc? closely with the mean of 57.3 for shain rnd
57.66% for gorts reported for nther Breeds by Pancr Lilo
(1963).

The mesurement of tetal body woater mni woter
turnover brsed on the tritiated water dilution techuicue
described by Mrcfarlane EE 2&. (1966) an? modifi ¢ by
Sprin~ell “n! Wright (1976) was employed 'nl well
validnted in the present studies, TOH sphce overcotin-ted
tot?l Ly woter 2nd consequently a correction £ cter
' 0.85 wi.s used in the calculation of baldy witer,

This is In lint with the findings »f P2nsratto “nilil
Ti11 (1063), King ¢t .el, (1978), sSmith ~n? 3yka2 (1°74),
Ranjh~n <t 21, (1982).
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The TCH spaces (kg) were related to totil body
water (kg), the correlatlien crnefficient being 0,592
(Y = 0,353 + 0.841X), TOH spade was least for lMar:di
goits (66,1% L.W.), while the values for Sahel pocois,
wrs 77.8(. L.¥W. TOH space values frr Yanka.:2z and Ouda
sheep were 73.6 ond 80,5% L.W. respectively, Thcce
closely agrec with the results ef Ranjhan et 21, (1982)
who reported TOH space (% L.W.) ~f 7645, 77«4, 71.9
in Muzaffzornegri, Muzaffarnagri X Dorset and
Muzaffarncgri X Suffelk treeds ef sheep in Indic,
Panar.tto (1963) owtained TOH spaces (/% L.7.) of
36,8~74,2 for chcepy and 55.6=75,7 frr goats, Tho
piological half-life uf tritium was least in Yankaca
(115.h) =nd longest in Sahel (173.h). Ranjhan et 21,
(1982) rcportcd buoclegical half-life of tritium os
97.66h in crossbred sheep and 134,3Ch in goats. ‘Mmter
turnover rrtes per day/animel (litres) were 2,52, 2,63,
0,86 nnd 1.09 for @uda sheep, Yankasa shoep, Sehel goots
and Mar.di gorts breeds respectively. These findincss
agre: closcly with the results of Aggrey (1982) in
West Apricen dwrrf ~ sheep nnd gests in Ghanz, Ap rey
(1982) obt~incd 2.06L fer sheep and 1.28L for go t:s as
water turnover rates in the dry se:son, Macfirine cti ol,
(1966) sugpested th~t water turnover is linicced with (e
use - of w'tcr for metgbolic processes nd m2y he corrcli ted

with the synthisis of pretein 2nd encvrgy., Mhef rl:rc
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et al, (1966) further suggested that water turmover vas
related more to cnergy turnover than heat dissization in
tropical animzls. Lower water turnevar rat:s in goiots
than in sheep sugpests that under poet~.dry concitions
goats are bettor adapted for survival than sheep,

The f2ct thrt the water turnever of Sahcl go~ts vas

the lowest supgests that under conditions whore supplies
of drinking wcter are limited they would be the nore
suitble brced for productiun,

Dict effcct on water metabodisn

The rclotionship ®etween dry matter anl woter
intake is well estotlished (Leitch and Thompson, 1944)
in many specics of farm animals. . Cattle have boen
reportced to drink more en a high protein diet itk a
consenuent higher output of urine to allow for the
removal of nitrogenous waste (ARC, 1980). High int ke
of water his been said teeraise the rate of pars ge
of food through the digestive tract (Koes wnd Pfanico,
1975) which adversely affects digestibility. Reynolds
(1983) reportcd high total woter-exchange, 2ssoci- Lud
with elevnted dietrry nitrogen 2s epposed to incrirzcd
dry mrtter intrke in Erst Africnan go-ts.

Five experiments were conducted to stuly di .t
effects on witer metobolism, The first trinl w:s to
test the influence @f different types of focl on

woetor metoboliem in sheep and gonts, Results o
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trial show o significant (P/0.®') differencu in water
int-ke betwecen sheep and geats en the various dicis,
Sheep on hay + concentrate mixture drank 1257.4ml of
water doily which wes significantly (P/0.01) hicher
than for the other groups. This might be duc to thc
higher protein contents of the diete The animals
on the hoy 4+ concentrate diet need mure water to
excr-te nitrogcnous waste, This is in line +ith the
reports of ARC (1980C) on ca*tle en high protcin dict,
Gonts fed on hry only, had high weter inti ke, Tais
mry h ve been to increase the rate of pasznge of thoe
hay through the gut 2s was reportcd by Kocs “nd
Pfander (1975). Therc was ne significant (P 70.05)
differonce between geots fed on hay + whole m:ize -nd
hay + ground mcize, The nrotein eentent of the two
rations were essentially the same and the only dilcrunce
wns the particle size of mnize which did not arffcct
the w ter intcke of the goats,

Water requirements varied with type of foed in the
‘present study, indicating that water that mhy avpe r
adequrte ot one time fer 2 particular diet coul! be
insulficiunt for ancther. The present finlings =2lso
show 2 dcere~se in roughage intoke with inecr.-se¢ in
conc ntrntc mixture o~ meize censumption, The
cry-mztter intrke didsnet differ significantly

petsoen tro-tments *fer ench spezie.
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Further tricls carried out tested the c¢ifecet of
feed restriction on water metobolism. The stulics
showed @ highly significant (P/0.®1) effoct of feoc
int ke on wroter intcke of the animals. Thoe rcsults
also indicote thet the amount of water intake of sheep
is dependent on the emount of feed int ke (DM basis);
and éonfirmed findings of Phillips (1960), Clark =nd
main (1949) thrt emphasized the close rel~tionship
®etween woter ond food intﬁke: The latter workers found
that among Mcrino sheep near Pretoria, reduction of
food int-ke lessened water consumptien; nnl 7 r.duction
in available wrter was alsge associated with lesz food
consumption. Macfarlane and Howard (1972) also observed
that feed rcstriction in ruminants limit water int ke,
Anand (1961) peinted out that this linkage of functions
arises in prrt from the interaction of neighbouring
neurones of the ventro-medial hypethalamus where food
rmd wnter intidke is regulated onr afferent inforrm-tion
and blood composition,

Feed monegement designed as variations in concintr-t
to rough~ge retios an! processing metiods also
significontly influenced water intake,

Water int:ke of the animnls varied with the rtlio
of conccntrste to roughage rztio in their lict, The
totnl dry metter (DM) intake of the shecp nl go ts
on the diffcrent diets were adbout the same., The ThL

intake of the sheep w2s higher then the goats on
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corresponling dietss, There was a linear incroecce in
water intcke of the animals with an increase in the
concentrite content of the diet. The vori-tion in
concentrotion eppecr to result in variations in the
crule protein int"ke of the animals. The anim.ls on
70¢5 concentrs te were getting higher cru'ec protcin
int2ke then those on 30% concentrote, Consequently,
they required more water to clesr nitrogenous woeote out
of the kicncys. The lctter ngree closely with the »cports
of Reynolls (1983) who stated thet liquil-witcr
consumption wrs positively correlated with nitrogen
intake, Phillips ~mn? Dyck (1964) found a mirkod eflcet
of rition types nnd comvinations on flow r:te of
digestt in the reticulo~rumen, Although no cannul: tion
stu'y w~s donc, the ressons for variations in woter
consumption in the trial could hé deduced from the
differont protein content of the diets nnl 1lso
the flow rote of ingesta as evident from th: findin;s
of previous workers (Phillipsaﬁ'gﬁ 2l, 1949),

In the triel on ferd processing, the rosulic show ¢
significant cifference (P/0.01) in woter intake ol shoop
fed on milled snd unmilled concentrate, The shoep on
mille? concentrcte and chopped bay consume! more fued
than the others which meant that they hrd highsr cru'e
prot:in intrke on the whole, Consejuently, thcy roecuirod

mor > w tir for excretion processese Also millin
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feed might heve affected the flow-rate of th: ingects

in th. put. The results of 211 the trinls confirn th: t
water intrke of Nigerian sheem anl goats re influcnced
by dict types combinations nnd processing matho S,

Physiologkcal chcnges in woter metabolism

Age effects on water requirements of shecp "nd
gonts showe! sipnificint differcaces {RL0.01) with
regarls to weter intrke. Also female gonts Jronk more
fr o witer then the wale goats but the differunce w'S
not st-tisticclly significant.

cenernlly sheep drank more water per met Hotic
size thn the goats while the older animt1ls .rank @porc
th-n the young ©nes. The older animals wer: bi-wcy in
boly size ond consequently they requiredl mora v tere
This finding is in 1ine with thot of Crampton “nd
Harris (1969) who observed thot older animnls consurm
more feel 'nd 78 @ result, required more water for
proper digesticn ond utilizetion of the food, The study
also econfirme a vrriatlion in water requirement rith age
of poats ~nc sheep put no conclusion coull be mr e ior
any rl Lionships between SeX and water requiromorie

The results of water intoke of ewos un'ler v rious
shysiologicnl strtes show that* loctating ewes Jrank
morc woter thrn the pgegnant and non~prcgnnt cWide
Mac{ rl-nc ~n’ Howsrd (1972) reported thot 1rctrting
Merino ewes produced about 1.2 litres of milik il

to foo! the lombs, These workers further sttt
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the water turnover of the ewcs WSS accorlinzly incre:sud
by the amount of met-belic woter produced in milk
synthesis, This incre~sed the ewes'! water turnover
®y 449 for lactotion relative to non=lactiting g e
non-przgnent cwes. woter intake of the pregnant ewes
were slightly higher than the non-pregnant ewes but
significontly lower than thot cf the 1actating €S
Macfarlane onc Howeard (1972) pointed out that woter
turnover during pregnoncy was virtually the snhne =8
th~t of non-prognent Merine ewes. Water Jdepriv -tion
seriously affectcd the r eproductive per formnce of
Yanknsa cwes. Abortion and stillbirth occurad ir the
woter Jeprived ewes. Pregnant ewes receiving “nily
witering hod herfvier lamos et birth. The latter is in
agreement with findings by Lynch et al, (1972) ko
reported 2 significant reduction in the birth weigznt of
the 1 mbs of cwes deprived of Arinking wotore. The
present stuy shows the importance of ndequnte utor
supply to 1octr ting ewes to enhsnce optimum millk
rrotuction, 1t r1so showed thnt water is vory
importnt for preznant ewes to maintain the pregn 20y
and also for 1lomb survival,

In 211 the experiments where physiologiChl
parameters like j=w movement, respiratcry rate,
reot~1l tempers ture, pulse rate were mensur:l, roeulon
show thnt w ter int ke significantly influzaccd excl.

of th: s€e
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Vari-tions in rectal tenperature w:s slisht nd
this apgrced closely with the findings of Bligh (1c72)
who reported thot sheep hove an exceptionally const nt
body temperature with total variations of less th'n
ZOC evon betwoen SensONSe

Respir: tory rote, pulse rate and jaw mov: ment, o5
me~sur ments of metsbolic activity decrensed gisniicontly
(P/0.01) with wcter deprivetion. The dcereise in
metbolic ~ctivities is A major adaptive mechanism in
desert cnimrls to reduce body heat load ~s 2 me~ns of
roegulating body temperature (Hudson et 2l. 1972), This
will be reflected in a reduced utilisation of wrter for
evapor~tive temperature regulation which takes 72 276
of total wrter intake of Yankosa sheep 28 snovn in the
present investigrtions. Respirntory rate and Jow
movement Cecrcrsed significantly (P/0.05) with fe.d
restriction, This could be o result of reluced €ncrly
avynil ble for mct: bolic purposes in anim-1ls uuler foed
depriv-tion. A roduction in Jaw movement coull inldici te
a dccpre~se in ruminction #nd conscquently Jigestinility
of th. fecd (Gerdon, 1965).

Rloo:! companents nnd biochemicol vluws were
determined for the experimentnl animals un'or vorious
trceitmonts. Reports on the biochemical companents of
smnll rumi:onts under vorious nutritionrl st tcs “re

sc-rt7. Fow works ty Oduye (1976) on Nig:.rim & r-
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sheep, Saror cnd Schillhorn Van Veen (1977) ~a! Isicvo
et 21, (19842, 1984W) on lembs 2nd kids, coasi'.redl
only the bleod picture and no work was lone on blacd
biocheniec:l vrlues,

No significent differences were detcectel hetuceen
brazls in nl11 the paerameters mescsured, Significond
dif ferences (F/0,05) existed between the v~lucs for
sheep “n gorts in most of the parometers moeasurel
nomely plisme chloride, magnesium, potnssium, s Iun,
albumin, Blcoc¢ uren nitrogen, mean corpuscul :r volumnc
(MCV), meon corpuscular haemoglobin (MCH) ro’ blocd
cell (ABC) ~n¢ alkaline phsophatase, Bloo! component
and biochemicrl values were gimilar for »ll brec's
possibly becruse they were subjected to the some
feeding ~nd menogement, Hewett (1974) obsarvel
variztions in blood components between i within hoxds
~nd concluled thot the voriation depemnicd upon tho
type, qutlity #nd inteasity of feeding, hygiene rxd
othor mnagiment factors. Little and Manston (1972)
foun? th t serum urea nitrogen and albumin lovels
varicd with th.e type of silage fed, Saror n’
Schillhorn Von Veen (1977) reported that the
haematolosy of sheep is not known to be sijnicicontly
influcnced by bree! differences. The latier, furth:r

stntaly; thet; the he~1th st~tus,; feeding anld nirtgosent

conditions werce more important than wracd for 11 | eyraices

in haematologicrl values of sheep. Bloo! cumpo
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the grazing cxperimental sheep were signific atly (P/0.05)
affected by scrson, This is likely to be e to the
differcnces in qurlity of gr=zed prsture in the¢ two
(wet and dry) scrsons, Pasture is of high qu:lity in
the wet scrson with about 12% crude protein nd 2,755
CP in the dry serson. Greig and Boyne (1956), using
identical twins showed that cows on 2 low plane of
nutrition hid lew haemoglobin levzels, FPrewitt ct 21,
(1971) rcl: ted the level of serum urea nitrosen to
protein intcke., In the present studies, valucs ranging
from 26-30¢ were obtained for PCV, which agrees clouscly
with rosults of Anosa and Isoun (1976} in nenlthy Qwirf
gonts an! sheep. Nettleton and keckett (1975) ronsried
a me~n PCV vrlue of 29% for indigenous gonts in
Swazilond, Totrl protein values of §€.9-7,1:3/11 vere
odtrined for sheep, and 6,6-6.8g/71 for goats; which
are slizhtly bigher thon 5.2~5.9g/100ml for dwarf shoop
rn? 4,75 « 5.43g/100m1 for dwarf gonts report:i by
Annsa =n' Isoun (1976). Haemoglobin valu-s obt-inc’ in
the prosent stu'y were 7.5~8,0g/dl for shoep
T5=7,75/C1 for go=ts which are lower than the 17,1./1CCml
reported by Nettleton 2nd Beckett (1976) in Swizilin!
gonts on? 12.4; percent for shecp By Holm:n (1244) nd
10.785 pircent by Heckett et al. (1957) in tempercte
sh.:pe V2lucs for RBC osbtained for the animils unlor
the various trenrtments mried and they were axl hi:ho

in grozing * animrls in the wet sesson. Oduye (7777%)
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reperted that RBC values decreased with age in both
Nigerian dwerf goats and sheep., Oduye (1976) further
stated that sex and pregnancy appeared to have little
er no influence on the erythrecytic values. Holman -.nd
pew (1963) observed a decrease in RBC values with
advancing age in goais. A mean tetal WBC count of
7.7 % 107, 8.05 x 103, 7.5 x 10° end 7.74 X 10° yere
obtained for Ouda, Yankasa, sahel and Maradi breeds
respectively. Holman end Dew (1963) reported a mean total
BC count of £.08 X 103 while Millsen gt al. (1960)
ebserved a range of g.00 x 103 te 15.00 x 107 in the pout,
In temperate sheep, the mean WBC ceunt was 9,2 X 10i
(Helman, 1944) or 9.95 X 10° (Hackett et al. 1957).
rawards et al. (1955) recorded & mean WBC count of
14.54 x 10° and 14.23 X 103 in Wwest African dwarf gonts
and sheep respectively in Ghana. Mean cerpuscular
heemoglobin concentrotien eof 28.57, 27.5, 28.63 and
26.18 were obtzined for OQuda and Yankasa sheep, Sahel
and Maradi goats respectively. The latter agrze with
the results of Idris et al. (1976) whe ebtained 25 to
40 percent for sheep in Cezira Prevince and the 34.,9%
reperted by Nettleton and Beckett (1976) for indiyerous

goats in swaziland.

+5 1S
-

Renorte of serum alkaline phesphatase concentr
in indirvenous iiirerian gnats and sheep are scantye

-

Results obtiined for alkaline phesphatase were 72454
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55,3, 73.4 cnd 63.8 (Armstroag units/1itre) A.U./L for
Ouda and Yankosa sheep, Snhel and Mapadi gont brecds,
1t is thercfore difficult to compare thase result ith
any othcrs, Flasma sodium and potassium volucs osbtrined
were in linc with the findings of Idéris ¢t al. (1976)
who reported 3 to 6 meg/L for potmssium “nl 130 to 150
meq/L for sodium in sheep in the Gezirz province of
sud 'n, Plasmt potassium and chloride levels werc nigzher
in they dry scoson compared to the wet scnson, This
confirmed th. findings of Akeredole et 2l. (1229) who
reported scosonal varintions in chloride, patassiua
blood ure? nitrogen levels of cattle in Northern Ni cric.
gignificontly higher plasma concentrations of mogncsium
were obtzinid in the dry sesson than the wet se.on in
+he grazing shecpe. The latter is in linc witn tho
finlings of Akerejola et 2l, (1980) in zebu ¢ i-1S,
Voriations found between senSOnNS in the prosent gtulics
apr-c with Saror ~nd Coles (1973) who r.port.d & coual
diffcrences in nutrition in grazing Nigerinn cnfttlen
whiby ot -1, (1978) cibte’ Wy Ghodi snd Chechut (17:61)
reportel thet blord ures concentrotions are 4&nowvm to
vary widcly »nd are affected by verious frctors such
es diutﬂry_;rottin levels, the rate of praot:dn
c-t-bolism, hcrlth stotus of 1iver and renal function

e

~ £ 1'_-:__I . '.:i\-tr*\ :'r &
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weter deprivetion

The intrke of water is intermittent whil.: the loss
of mter is continuous thus, the auim~ls is alwnys -
f2ced with the problem of slow dehydrztion, Houpt
(1977) st-ted thot after a long period of lehvir-tion
the animzl will be depleted of both water 2nd pripury
electrolytes,

Two trirls were conducted to study the effzct of
water lcprivrtion in Yankasa sheep, Tho first triol
examinz! the influence of intermittent witering on
grazing sheep while the second trial investiistol the
response of Yanknsa ewes under various physiolo ic
stafes ts w” ter deprivation.

R2sults of the trisl on grazing sheep show th €
int rmittent wrtering hos a negotive effect on tho zrowth
rate of the experimentel animals during the dry se~son,
The ~nim~ls lest weight excgt those on dnily wot:iring
which g-ined 66g daily. During the rainy se¢:3on 2all
animnls gcined welght despite the watering intorvils
imposed on them. The latter would appenr to be ‘ue to
the hi;M moisture content of the pasture (“bout C0),
The effoct of woter deprivation was obvious only Curing
the dry serson trial, The obuerved decrerse in mecn
liva=u:iyht goin with incressed water depriv-tion
confiraud the dote of Umunna gt 21, (1931) with
sh.cp deprived of water during the dry s¢ - son, Tl

animilz on 72h : nd 96h wntering intervals grow lern
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and stazgcered whenever they attempted to graze ~nd this

mt

became pronounced towards the end of the stuly, Tho
haipr co-t wrs rough ond dry, it pulled off e~sily by

¥ .

(23

mere touching ofter the exporiment hod prosrcsced fo
40 i2ys, This observetlon agrecd closely with the
finlings of Schoen (1968) who reported skin dehy.'rtion
and hair loes in woter deprived East African go:zts,

water ceprivation raised blood biochemical
constituents significantly., This 1s 1n agreemcent uith
the roport of Whitby et 21l. (1978) cit.d by Ghoti "nd
Chechot (19€81) who stoted that raised plasm2 totol
protein may occur as a result of denyldrations COsori
(1976) reported high levels of totnl protein, allumin,
gl>bulin, sodium cnd potassium in sera of cuttlc ~nd he
attributed it to dehydration of the animils 23 - »oselt
nf the prevailing drought at the time th: stuly ws
conlucted, Houpt (1977) stated that haemoconcentrotion
can result fue to dehydration of animals,

The =zcrum protein fractions in the ewes! blgo; were
affected by wrter deprivetions The mean albumin,
alpha~globulin, Beta-globulin and gemma=;lobulin v Jucs
were higher thon those reported ¥y Anosa nn! Iscun
(1976) for herlthy Nigerisn dwarf sheep. The high volues
obtrined in wr tur deprived ewes show signs »f

hae moconcontr-tion due to dehydrntion.
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All the blcod biochemical components incressed with
incroezsed woter deprivation in pregnont, non-proimont
and lect~ting ewes,

Prolonged watering intervals appearcd tn exict
serious strcss on the animals during the Jdry s¢ocon,
Varintions in rectal temperature was slipght botir.on the
animhls on virious watering intervals. This agreed
closcly with the findings of Lee and Robinson (1C41)
who investiprted the ebility of a2 vericty o>f common
domestic animrls tn withstand high environmentil
temper~tures rnd conclud:d that sheep had the grertest
tolermnce, Lec and Robinson (1941) statcd th~t the
principal adcptations are 2n ability to eniture a degrec
of dehylr-tion equal to ebout 30 percet of buly welriat
and to minimize absorptinn of Solar heat,

A decrcs se in urine output and production of ’ry
Frecus were obscrved with the weter deprived aniuols
during; the Py secsons The latter observaitions 2re in
linc with the findings of Mncfarlane et 2l. (19J€) who
foun! tn t sheep c-nserve water By excreting Jdry froces
and & r.l:otively concentrated urine., Also, diszipetion
of h:*t by eveporetion of water is effecte? primarily by
rnting ond very little sweating 1n 2 situ~tion of wter
deprivntion in sheep (Maefrrlane et 21. 1953).

The w ter deprived animals in the trid appoerr:d L
®e Jdrinking ir a2 compensatory fnshion when :ver ey

hn1 access to drinking water, This obscrvaiions
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confirms the findings of Macfarlonce gt 2l. (1958} who
reported thot sheep behove similar to camels '’ conkuys
in being able to qrink nearly one fourth of its boly
weirht of wnter ~t one instrnce without h~rmful ell.cts.
More anl Schni (1978) also reported cummul - tive Crinking
behaviour in chokla lambs.

w-tcr deprivation also significantly lowerc
respir-tory r-te in sheep. Also Jaw movement woS
drnsticzlly recuced with long watering jntorvals which
indic~ted thot rumination wns seriously impairud by
weter depriv-otion. Tnis cenfirmed the rosults of Cordon
(1965) who rcported that rumination decreasel in w tor-
restrictad shcepe The lact-ting ewes were si mificantly
(p/0.01) affected by water deprivotion, since the nilk
yiell dropped N rrowth r-tew:s also scverely lowerced,
pest:lts on milk composition indicated th-t milk v o obeut
80/ woter. Wrter restriction affecterd both milk yiel:
and composition. Ewes on deily watering projuced the
hishest quantity of milk, Milk production Jecrorsed
with increrscd wotering intervalse Milk proluction of
the cwes Jropped by more than 5% when waterin? intorvels
wis incrersed tc 72hours, compared with daily wotering.
The milk procuced by woter-deprived ewes wis Mol viscous,
Consequently, the composition of the ewes'! milk for
protein, fot, ©sh, non-frt solic (solid mnot o) ol

total s»lilds incrensed with incrensed wotor T [l o Qe 1105 3
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Deven:ira (1982) reported that nutrition represents the
single most important factor th~t causcs varittions in
milk composition in the lactating gonte Wat.w depriv-ticn
depresscd the fced intzke of the ewes sipnificontly
consequuntly, sffecting thelir plane of matrition,
stulies on Barbari and camnapori gonts in In'in "l
Alpine gonts in Frence showed that an jnerz1se in plonc
of dictory eneryy also resultcd in fnerassed milk yield
(sncheva ot 8l 19743 end Morsnd-Fehr, 1977). For
aptimum milk procuction, woter should be -fven fn loctoting
ewes daily (rnc preferadly ad 1ibitum where puseible} e
enh nce milk productions

The reproductive performance of the pram-ni eves
was alvercely ~ffected wy woter depriv-tinon. Aboriiom
rate incre” sec with water deprivation anl tho only
stillbirth was recorded un'er 72h watering. Lomb
mortlity w@s hirhest with ewes most deprivel of Jrinking
pater. Pregnnt ewes suwjected to 72h waterins apperres
uncomfort - ble, very nervous and 3howed more frequent
»leating. These oyservotions confirmed thu rzcults of
Morc ~n' 52hni (1978) who reported th t & out »f 5
chnkl: ewves wotered once in g6n oworted. Lambs frona
the woture=teprived ewes in the present stuly wairhed
less thzon the 1rmbs of ewes which hod resular acees.s
tn drinking wotors Non=-brececding ewes ipank less TN
pri.oant N 1l-ctoting ewes. This findin: 1o in 1linc
vith tho otcerveotion of More ~nd Sahni (1973) wits

cholcl ewesS.
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Jaw movcement decrensed during re-masticilion of
fewd with incrers sed water deprivation in sheep,

Gorion (1965) stressed the importonce of water for
ruminition. The plentiful snd continuous supply cf
water to the reticulo-rumen is provided mz:inly by
recirculrticn ¢s saliva and pertly by the Jrinking of
water, Denton {(1957) reported that salivation iz
raducel during weter deprivation and starvition,

The present investigation has demonstratod poizible
adaptive mechenisms of some indigenous Nisjeri-n ghoup
ani i2ts to verious levels of water availohility, The
indicntion alse is thet some of the breels are more
adaptal to orid conditions. The influence »f vrious
physiologic stotes (eg pregnancy an! lact tion) on
water metobclism were highlighted,

It ccn 0180 be concluded from the results of tlhicse
stuiies thot wrter deprivation hoampers the proccos o f
ruminntion ~nc consequently reducing digestibility 1
fcel, Thus wrter deprivation would lower mili yiel’ cf
lact ting ewes, impair reproductive performince .2
progn-nt ewes nd survival cof new born lombs, Thcese
point to the need for ndequnte water supply £ ruminnt

nopcrations,
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SUMMARY AND CONCLUSIONS

Nino feoding cxperiments and one metybolisn stuly
weore carricd out to investipnte waer metnbolism of zome
Indisenous Niperian sheep and gonts in the Sudin Savenna
zone of Nigerin, 1In one of the feclding experimonts twno
brocis of sheep namely Ynnkasa and Ouda nnd two broeds
of ponts, Sahel sond Maradl were used, Isotope dilution
study was ccne on the four hreeds to examine 1f there
was any vieriction in water metabolism dus Lo broel,
Isotope uscd wes tritium (HB) as tritiated wator (2UH).
Results obt-ined indicate that water metabrliom deponled

I
on the s8pecic. Water intake in sheep anl gonts wig nlsc

influcence” by envirocmmental conditions. The grectost

int ike occured during the hot dry senson, nl the lenst
during the rriny senson. Sheep consumed rel-tively more
water th'n rorts. Water intake wag strongly affectad

by 1iet 2nd plone of rutritien. Tritinted woter spoce
averaged 66,19 in Maradl goots, 77.8.4 in Szhel, 73,05

in Yank-sa rnd 80.5% - in sud=a. The binlozgics»l holf-life
of triti-ted witer wes lesst In Yankasa (4,8 I~ve)

and! longest in Sahel goats (7.2 days).

Sensonel vorictions in water requiremonts of mrozed
Yankasa sheop were 2lso studied, The results showed thrt
grazing onine ls required more water in the lry hot scscn
cemprrc) bt the roiny se~son,  Woater ddeprivitisy rosmlter

in 400 - lous of body welpght in grazed Yonko oo shoe o in
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the dry hot sercon while in the rainy senson the aninals
put on weipght cdue to the water content of fresh growm
pasturce. The results showed that grazing sh-op Co not
nes?! to be wotered daily in the wet seasoun since the
pesture conteined 70-80% molsture. tnder 96h wotoring
{ntervals in the proiny seoson the animils performed
adequat=ly. Woter deprivation constitutes 2 scrious
nutritional stress in the hot, dry se”s T, Jater
deprivntion resulted in decrecnsed totol by ly witer 08
evilent by thc loss in body weirht an? 2l1s> with evi’unce
+f hemoconcentretion. This wes shown by incre-acd POV,
tot 1l rod blons cells, Hb, total protecins, plouvd ur o
nitro-en ont plesma sodium, potassium, magnesium cnd
chlorile. WWoter deprivation alsc induced variticn in
body tcmpersture which rises during the (ay althouyh
variations was not mere than 300. Fhysiclogzic Qefene o
mechanisms were employed to preduce the o flects of wter
depriv-tion, Respirctory rote ~nd faec2l moloturc content
werc reduced to minimised water loss. Amount of urinc
voiled wis ©18% drastically cut down un’or wait.r
depriv. tion. The physical activities nf the wtor-
deprived animcls were reduced. All these Wwoye
physinlo:inl mcthods of surviving wat r stress by
small rumin-nts.

Milk yicld £ water leprived 1act=atin ; cwed

poanoly pregmint ~nd woter deprivel cwes gere n.rvov
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an® restless which led to abortions, low birta weiphts
an! hizh mortclity ~f newly born lambs.

Feed restriction arrested water intake in shc:p
and this show th t feed intake+is closely assac i tud
with wnter intrke.

The results of the water turnover stuly showed
thot goots hecd the least turnover rate an! inlic Te
thht under ccnditions af wacer inadequcy gots would

be more suitr ble specie then sheep,
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Appendix 1.1:

ANCVA

Source

Treatment
Residual
Totel
*mﬁo.Om

W-ter bolence of Yankasa sheep and Maradl Co

water suprlye.

d.f.

4
110
111

**p/0,01

Mean squares
water drunk ml/

70267** 219,38*
25€1 51446
3171 52.97

##%P/ 0,001

Urine ml/kg®+72/day

vauer a4 Hwﬁwﬁca

maecel water loss

068, Ton**
14,99
23.58



ii.

Appendix 1.23

LNOVA
Source

Trectment
Residual
Total
#*¥P/0.01

water

d.fs

1
6

-N
##+P/0,001

Mecn sgueres

water balence of Yank-sa sheep

snd Maradi

o
=35

-

[ 94

—

1eter intcoke in food

ﬁawxwmo.ﬂu\am%
0.357013% %%
0.004829
0.055141

-

Métabolic watar

8,6320%+
0.5350
1.6917

=y

1ibit

un’er ad

-
aka

£

Zvepcrated water
loss ap\xmc.QU\uu%

3541,5%*
180.4
660.6



Tritiua counts (d m)

Zmzrizent 2: Hours after injocting tritisted water (TCH) into exceriscricl cnimnls
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Axpenlix 2.,1: Effect of breed on water metibilism in
penned sheep and gonats,

ANOVA

Source d.f. Means sguares i) T
- - 10

Treatment 3 2355 S *%#* 781 , Gitirie

1,2 Vs 3,4 1 1533 ,2% 1107, 7%

1 Vs 2 1 1440, 7% 1040, 9%

3 Vs 4 1 LO®2 , TH** 2957 , (ivis

Resilual 236 344, 243,6

Totnl 239 $€9.3 266,9

*P/0.05

***P/0,001



Appeniix 2,1.1:

vi,

Correl-tion matrix of TOH space =nd

body composition of sheep nl go-te,

Liveueight (kg)

Tot 1l bed
water (kéj

Boly vrotel n{kg)
Boly £t (k¢)

TOH sprce
{(Percent live wt)

~0.034

~0.728

®.178

J.4N2
0. ":‘h

0,921

3 4

1

= 69'} !
0,203 =4,75

\n



vii.

Appencix 2.1.2:

£ NOVA

Source

Treatment
1,2 Vs 3,4

1 Vs 2
3 Vs 4
Residuzl
Total

*F/0.€5

e
L
I

.u.lh..

12
15

Mern sguares

Tocy weter (as
wmwovsaiwn¢oxmwmwdu

176.76
11.32
89.11

429 .83%

53.20
77 .1

-f breed on water met-bulism in
ition nf whole ®Wocdies)

Body

protein

8.481%
17..766*

0.98

€.698
1.731
3.081

-

peil..cu

5 o
Ly Aeh
m.(-.( dacsas

0,1358
0.2475
0.1596
0.0002
042043
0.190€

Bady fat

187..17
59.87

55.97
L4566+
26.69
74475



viii.

LNOVA
Source d.f.
Plzsme Pl-amc Pl sma
magnesium  S"GLUE pot:ssium
Trertment 3 525, Qh2¥#* 0.588G5% % 4L, OTLiw:  2,01357%%*
1,2 Vs 3,b 1 13304, 5Y5*** 0.00L75*** 0,430 5 ,92208%**
1Vs 2 _ 1 1765 8L*** 0.5075€%#* 23,002+  0.02344
3 Vs &4 1 66 BETH#* L.25L5%#% 1058w 0.095
Residusl Ll 5,509 .0187% 7.257 0,05854
To tal 47 38,728 085518 9.66 0.18332



Ix:

hppeniix 2.2.1: Eficct of breed on woter met-bulism in pern & ¢p °ns mmvdm
HlIOVA

Source defe Mefn sgusres
Serum 2lbumin  Blood urea eacie.. cell Mezn @orpuscul-r
nitrogen Voluns volume
Treatment 3 0,E9389%%* Aom.omwr**m 32.05¢% 89,015 %%
1,2 Vs 3,4 1 Q. 65333 #%» 305 .,5252%#% D 3ET 102 . 5E0%**
1 Vs 2 1 0, L2EET=* 1.2604 £)43805 89 .224%%
3 Vs 4 1 1.50167%%» 8.4C1T%nx 59 « 51044 95 (242 %%
Residunl L 0.06633 0.4916 1.207 7498
Totrl 47 0.11915 7. 1664 317€ 13.152
*+¥P/0.01

*#%P/ 0. 001



Ko

&.”...vh...ﬂ..“..b. HM m i\& !.h.w .
KNCV:

Scurce

Trestment
1,2 Vs 3,4
1 Vs 2

3 Vs 4
Residual
Totsl

LIJ

A
- e -

B S A Y |

Ly
47

Ii’ern squares

Mcrn Corpuscular

Haoeroglobin

ccncentration (MCHC)

16.308%
4.508
£.7h2

37.675%%
L,629
5374

breed on woter metobolise

MCH

in

mvmmwu*r.

1.0584

2174
0.52938
0.8323

14,4321 %% 4

RBC
145306

b BLT75 ek
Oammor
0:.0037

._-M.nmm/
OoWbQ.

Haem~glcbin
& 5414
gwmﬂoo

1« 17045
0.,1838

v, 1481

®, 1732



s 8

Appencix 2.2.3: =ficet of breed onwater met-bolisn in penned SheeP ¢en! gonts
4 H.Mﬂ Vi

scurce d.f. Meen squires
T-t-1 protein white Bl.ood coll  Alkmline phesphatnse
Treo tment 3 0.4567 475764 935, T*
1,2 Vs 3,4 1 0,9633% 541875 190.4
1 Vs 2 1 0,1667 . 735000 . Z062.8%%
3 Vs 4 1 0.24 A5 0647 55% 9*
Residual Lty 0.293%6 432533 112.7
Total 47 0.304 435386 165.2
*p/0.05

**p/0,01



xii.

Appeniix 3.1 Effect of age and sex on wator requlirad

of pemned sheep end goots.

ANOVa
source a.f. Mean squares
water inthake
Trentment . 7 £5182832 %%+
1,2,3,4 Vs 5,64748 1 29824758T***
1,2 Vs 3,4 1 T2TLBThH**H
1435 V8 244 1 106772008%**
5,6 Vs 7,8 1 14555 T9%*
5,7 Vs 6,8 1 LOOQOLS 7 ##*
1,3 Vs 5,7 1 6617785 9#**
1,3 Vs 5,8 . 1 ZZ AR BLOR**
ResiZunl 1892 89953
Tot~1l 1999 317892

**PL0.01

*##p/ 0,001

nv
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Appendix 3.2: Eff
allOVa

Source

Trestment

1,2,3,4 Vs 5,6,7,8
1,2 Vs 3,4

1,3 Vs 2,4
5,6 Vs 7,8
5,7 Vs €,8
1,3 Vs 5,7
2,4 Vs 6,8
Residual
Toteld
*F/0.05
**P/0,01
*##P/ 0,001

of &ge
d.,f. Mecan Kgunres

Average doily
mﬁd N...DOV

(. 00L***

(L 026@%*x
0.0000018
0. 000LE**
0.000115+%
0.000768%%*
(.0215%%*
0.005G***
0.0000255
0.000747

B o S e e O 4]

Lol A
v on

tnud sex on watur roquirnre



xiv,.
'w.'iK .
Appenlix 4.1: Ferformonce of grozing Yenkasa sh.uD under
intermittent watering during Ary “no vet

SCHSONa
ANOVA
Source ¢.f. Mean -sgaurcs

Water intake Average -l2ily ¢gain

Treatment 7 1919399 %* * 0.,0687 14 ##
Sensons 1 1170031 6%** 0.3108169¢ ##
1 Vs 2,3,4 1 -/ 0.0024833*
2 Vs 3,4 1 31629%* Y, 3108159#:#t
3 Vs 4 1 21869 0,0002916
5 Vs 6,7,8 1 15%2802% %% 8.10584% =+
& Vs 7,8 1 14194 8%** 0.0519160 4
7 Vs 8 1 26832 0, 0080656 #*
Resiual 32 2473 0.0003692
Tatnl 39 346537 0.0126%62
*P/0.05
*#P/0,01

*##P/ 0,001



Appendix 4.2.7% a1a9) Licchemistry of grozing Yonknso shaen un er intermittent

wotering during °ry ~n” wet seas.il.

Ve

ANOVA
Scurce Co Mern Squer:-s -

ECV MCE MCHC MCV
Tre~tment 7 110:058%* 80.3908%%** 32G,195% 156:385%*
Ses sons 1 42 ,136% 427, 226%%%  2165,692%%F 324 L,8B**
1 Vs 2,3,4 1 84333 14.,905%* L.814 124 ,BLO***
2 Vs 3,4 1 23,607 91.166% ** 523 507 «50G***
% Vs & 1 21.78 28,637 "* 35.,803%% 81.179%*
5 Vs 6,7,8 1 22V 5 O*% 9.048 20,856% 17.715
6 Vs 7,8 1 307,021 0,056 45,927 ** 36.015%
7 Vs 8 1 35,955% 0,744 22 045 3.958
Residual 192 8,402 1,106 307D 8.757
Total 199 11,978 3.858 14,546 139 ~
#P/0,05
**P/0.01

*#*P/ 0,001



xvi.

apperdix L4e2.,1.1: Bl .G Fi: chemistry tof grazing Yankasn shatoe under intermittent
w-tering during dry and wet season

LNOVA
Source At Meen Squares - .

Total protein RIC J3C > Eb
Trectment 7 0. 8939 17.0225 33920000 LAT8I285%ww
Sersons 1 35112 €.6832 LATTO0I00: 282, Thh2www
1 Vs 2;3,4 1 1.2416 5 +3922% 5824000 0.1728
2 Vs 3,4 3 0: 1121 66.8268*#*% 155300000 3.1104
3 Vs 4 1 0.0242 2.7372 1803000 14, 35L3% %%
5 Vs 6,7,8 1 0.9185 21,0251 4750000 17 5092%%*
6 Vs 7,8 1 0.3851 14,6453 %* 10570000 11 .5286%#%
7 Vs 8 1 0.,0648 1.847 33620000 C.0098
Residunl 192 0.4014 0.8643 34020000 0.8515
Total 199 0.4188 14325 35990000 2.4793
*F/0.05
**P/0.01

*»#*P/ 0,001



xvii.

Appendix 4.2,1.2: Blood Biochemistry of gr zing Yank-sa sheep
under intermittent wotering nnd during dry

senson,
- ANOVA
Source a,rt. Mean sqaures
Blood ureca Serum Alk2line
nitrogen albumin phosph tose
Trentment 3 112,372 %%#* 0.1729 2070,5
1Vs 2,3,4 1 244 ,Q99%*# Y.3675 1372,0
2 Vs 3,4 1 81,402 %** 0.135 AU
3 Vs 4 1 11 .616% 0.0162 4305,9+
Resicdu~l 06 2.84% 0.1574 910.4
Total o9 6,162 0.1578 945.C
*P/0.05
*#*p/0,001



xviii.

sppendix 4.2.2:

sNOV.

Scurce A:%.

Trertment
Sersons

1 Vs 2,3,4
Vs 3,4
Vs 4

Vs 7,8
Vs 7,8

7 Vs 8
Resicduzl 192
Total 199

M U W
L A N ™ N e S |

##P/0,01
*##F/0.001

ile"n sgoures

Pl-smo minerrls of grrzing Yankasa sha

furing dry :n” wet secsons,

Flosma potossium
17 L 4455 %% #
111 .542% %%

2,0336%%
m-OPOA*t*
0.1458
1.0396%
0,2948
1.0225
0.1596
C.7589

Magnesium
D el 122%%%

19.926G8#*#

0.01255
0. 07707
0.2312
2.,00247**
0.00913
0.21912

| 0.06997
0. 18047

Sodivn

358,0C 3
1206,578::

o
£V

Chloride
693 .31 %%
3623 .56%*
151 4 QG
144 L45%* 1
14,36

210,00%%*

367 JS4%*>

BL2 Y TER*
11.54
35.52

» intormittent waterin



xix.

kppercix 4.3:

«~NOVA
Source

Trectment
Setsons

1 Vs 2,3,4
Vs 3,4

3 Vs &4

5 Vs 6,7,8
6

/

na

Vs 7,8
Vs 8
Resicducl

Totr1l
$*ﬂh0.04

*#¥P/ 0,001

Physioloric perrmeters of greazing Yonkas? sihc

watering

-~

B . Y. S A . §

552
559

f.

during ‘ry and wet sensons.

rern sguares

Re¢ctrl temper: ture Pespiratory rte

£ «543Q%= 1327 L29% %
25,3726 %+ 825, BF#x#
€ ,2012%% Th2 ,GB*+%
00,0344 oldy, LLwns
0.0183 1G6 .87 #*
5« 4LOB** 5617, 2%
L, 16 1448, 57+
1.5858%% 15.11
C.1575 20.51
C.225 36,87

intermittent

Jaw movement
9603, O
11268, 11%%#
C140, Th**
3631, 49% %%
1478, 75%%*
29134 Fx%»
11139, 45%%»
3064 , LE6*w*
84,14
204,48



p.& o

irrencix 4.b4.1: Proxirmote ~nelysis ( ) of scmples from tho sur .8 grezel My
experinentrl enimals Cduring the wet sen3n (. .basis )

&

Callectinn times 1T 2 3 4 5 6 7 3 9 10
Dry matter 20.4 42,1 21.3 18.9 19.8 19.1 22.4 zi.4 21.1 20.3

0
.
w
-

'
.
fo

8.0 3.4 1M1
o3 5eb 53

0 25.0 18.5 26.1

.

g s
m

-

o

—

#

N

| SFG

~sh 1

~3

4.9 b4 B3 49

N
L]
-~J
N
-
(92}
.
|5

L\ %1}
-

Bther extrzct

O
o
N
N
L]

&

P
.
. 3
~]
.
0
1
-
L

Crude fibre 25 .6

Nitrogen free -
extrrct (NFE) 4%2.4 53.9 50.7 51.6 49.1

65 11.4 10.6 10.5

® -
“.J
-
(8)
f
! |
-
-
.

41,9 56.T 415

Thab

N
-
~3
—
"
-
o
.
un
-
O
. 3
“~4
I
.
e
e
m
84

Cruce protein 1




xxi

Ay

Appendix 4.4.23 Proxinnte cnrlysis (3:) of samples from ti
nin-ls “uring the dry n senson (DM basis)

Y]

Tollection times 1 2 5 L > b N 3 5 0
Dry matter 90,5 89,7 89.8 92.5 93.0 942 94.7 95,0 9%.8 6.0

3 9.5 9.1 2.8 15,0 10.4 9.4

:'J-.I
Lo
.

™

e
.
o
O
.
o
O
L]

Ether extrcct 2.0 1.8 1.8 1.7 24 1.5 1.3 1,0 1.7 11.b
Cruce fibre 32,1 37.2 38.2 37.9 38.8 39;0 Z3.1 3.6 35.0 39.9

Mitrogen freec 5
extroct (NFE) Lo.7 49,3 48,0 47.9 46.6 47.4 45,5 46,2 45«8 4.4

Crude protein 3.0 2.8 3.0 3.2 3.0 3.0 o I Ly 3.0 2.9

.. §

il it wlie. | B W




xxii.

Appendix 5,1: Influence of diet type on water int ke
cf sheep and gonts.

ANOV Mean Squ .ras
Source d.f. Weter intnke
Period 1 5376502% %4
Trentment T 2153989 ##*
1,2,3,4, Vs 5,6,7,8 1 13275 6LBLk# #
1 Vs 2,3,4 1 1995267 #**
2,3 Vs 4 1 9939020 %**

2 Vs 3 1 33L662%

5 Vs 6,7,8 1 293580 #*#
6,7 Vs 8 1 2707500%**

6 Vs 7 1 110556
Period X Trt. 7 118295 6% **
Residunl 1584 70541

Totnl 1593 172716
*P/0.05

#*#%P/0, 001



Appeniix 5:2:

xxiiis,

Influence of diet type on wntur int- ke of

sheep and goats

ANOVA d.t,
Treatment o 7
1234 V& 5,6,7,8 1
1 Vs 2,3,4 1
2,3 Vs 4 1
2 Vs 3 1
5 Vs 6,7,8 1
6,7 Vs 8 1
& Vs 7 1
Residunl 24
Total 31
*P/0,05

*##p/0,001

Mean sgu~res
Average doily
gain (ADG)

0,0043317%*
0, 01642578%* +
0.00990076* *#

0.00026667###
0.00000312
0.00251576%%*
0.00110026%# *
0.00001953
0.00001367
0, 00068871

D ily hey
intrke

58357 Ok **
240822 ,Be**
THCOL  Erx*
D3845%
25.9
83894, Sn %+
15849
12,0
114.8

i 1%
122019



xxiv,

Appen'ix 6.,1: Response of Yankosa ewes unior viricus
phvsislogic stutes to water lepriv-tion

ANOVA

Source da s Mean squires
Trentment RRRY, 819702 # %%
1 Vs 2,3 1 32

2 Vs 5,6 1 234L8378%**
4 Vs 5,6 1 21035

5 Vs 6 1 1405226% ¢ *
7 Vs 8,9 1 117600%

8 Vs 8,9 1 549571 ##**
1,253 Vs 4,5;6;7,8,9 1 1860868% %%
Residurl 27 28113
Total 25 209068

*1/ 0,05

*##P/0,001



XXV »

Aprendix &,2:

u”r Hﬁo<ua

Source

Tre: tment

=

Vs 2,3
Vs 3
Vs 5,6
Vs 6
Vs 8,9

3 v = M

Vs ¢
Resicdusl
Totrl

*Mhoaow
»#%P/0,001

711
719

Mcin sguores

Jow mevement

266 o
mﬁmﬂtﬁ&m‘.*

Respiratory rate
I3 T 2358 RN
518.752%%%
107,256 %%
525,008%%*
129, €x%x
L56 3% %*

36.1%

€.944

10.883

of Yenkesa ewes under various phvsi~losis strtes



xxvi.

Appendix €.3.1: R

ANCVL
Scurce

Trectment
1 Vs 2,3
2 Vs 3

4 Vs 5,6
5 Vs 6

7 Vs 8,9
T Vs 9
Residual
Totrl
*P/0.05

## P/0,01
##%P/0.001

.x.m.L...-o

@4]

99
107

28NoNsSc

Serum
totcl
protein
3. 14L02%%
C.7200
0.00€7
0.T4LOT
0.2204
0.02568
0.8427
0.2374

0.45L5

.f Yankcso
ieprivoticn (Sera proteins)

Mean squares

Serum
alrumin

0.9042%*
0.0035
0.400k4
0.4201
0.0204
0.1512
0.0037
0.1123
0.1715

Serunw, -
mwoucwmu

0.063%5*
® 00269
0.04507
0.04805
0.02042
0.09317*
0.0001
0.01452
0.118222

Scrum 4,

ewes under various paysiclos

-

-

glsbulin

0.9376
0.007¢€
0.072%
0.043

0.0104
4. 475%
0.0145
0.8023
0.8130

Scrum ¥ -
lobulin

C.024575
0.015313

0. 0CT7004

\

1, C0CL22

J.022817

-

C«0&T535
Q.,C4LT704
.« 0C8033
00027

Fa®

ic strtes to water

Serum Y -~
globulin

110564 %
1.6320z #*
0.51042%
230400k >
0.5046*

2 L12ET*%*
0.22207
0.083635

0.16264



xxvii,

w ter deprivotion (Plesma mineranls)

ippencdix 6.3.2: Rasponse ¢t Yankasa ewes under various pnysioslo ic states to

ANQOVA
Source d.f. Meon squares . —

Plcsme scodium Plasma chloride Plasme polassium  Plasme maigncsium
Trectment 8 40,66% 144 [ 765%** 1.6147: 148320 2#**
1 V8 2,5 1 2C,59 £7.,781%* 2.0036 0.2G385*
2 Vs 3 4 15,52 G0, 87** 0.0009 0.00667
4L Vs 5,6 1 C.53 33.076% 0, 0CC 082347 %%
5 Vs 6 1 LL,28% L5 ,375% J.0216 0.30375*
7 Vs 8,9 1 Cc,78 7.605 331878+ 0.08£81
g Vs 9 1 22.23 1.815 0.1768 0.03375
Residual 99 10:27 8.04L J.1013 0.042€6
Totel 107 13,22 18.266 0.2145 0.17651
*F/0.05
..x#mho.g

**#P/0,001



xxviii.

sppendix 6.3.,3.1: Rosponse

=
to woter deprivation (Blood Biochemistry)

.W . wmn J.W»...

Scurce d.f. Meon squnres
21-~o¢ uree
\itrogen

Trec~tment 8 17 .508%

1 Vs 2,3 1 24 ,47T7*

2 Vs 3 1 1.460

L Vs 5,6 1 47 ,922%

5 Vs 6 1 3.792

7 Vs 8,9 1 2,304

8 Vs § 1 2,470

nesicual 99 31

Total 107 L4221

“Pf0,05

**mho.og

#%*P/0,001

Haemoglobin

10, 107%*
6.3€1%
14 415 %%
.031+
8.050%
25 . 92% ##
16,335% %%
1,013
1.693

White Blood

26879259+
377001395
12470417
558272225
1251500C
52702222
165567
4169251

5857155

«f Yankesa ewes under varisus phir:ciclogic stotes

Red Bload C-:1]

7.7315%
0.6328

5 . 7525%
26 ,426L%*
2,2540
5.01359%
21 JEE**
0.5688
1.4744



XXixXa

hppeniix 6.3,3.2: Rosporse c¢f Yankasa ewes under vorious phryci.logic states
to wrter Ceprivation (Blond wc;nsoawwawwm Ve s
ANQV-.
Source d.fs Me~n sguaras . e U,
FCV MCHC  MCH MoV JIntne

=..osrhetese

Trestment 8 125.333%% 13,089 = 3.369 = 33.4 753 4

1 Vs 2,3 1 72,00%%  10.975 _ 2,283 44,75 1.4

2Vs 3 1 181 5#%e €.902 = 2,898 = 81.4% L5.7

L Vs 5,6 1 231.125%%%  60,445%%* 8,860 5.82 CeD

5 Vs 6 1 , 70.042% 1.887 - 2,154 . 13.34 2206

7 Vs 8,9 1 264, 5¥%» 1.659  7.01G  8BL.61*  157.8

m. A.___.m m J g Jmﬁioo.{** Alb.ow ‘ AOWJO ang h.h.rp*.

Residual 99 . 8.885 he16 1,864 16,06  534.3 .

Totel 107 . 17.591 5.064 _ 1,977 _ 17.35  549.9

*-ﬂhﬁ.lom

**P/0,01

*#¥P/0.001



XXX .

Appeniix 7.1: Lifect of feed restriction on wrter
requircment of sheep

ANOVA

Ssurce »f voristion deLs

Ferind 1 2391743 #*
Trentment 2 15101084 #**
1 Vs 2,3 1 2179284L8%**
2 Vs 3 1 B529320% %%
Period X Treatment 2 494105
Resilunl 594 157310
Totnl 599 2122841

***P/0,001



hppendix 7,23

ANOVA

S”urcu

Treatment
1 Vs 2,3
2 Vs 3
Residual

Total

#P/0.05
***Piou001

xxxi.

Effcct of feed Testriction on witer
rcouirement of sheeDe

d.La

Mesnn SQUOYCS

Average Anily
gnin

0,00719233%**
0.01179267%**
0,002592*
0,00001278
0.00131815

Aver e ﬂhily
hay int_ke

83504 , 7105

155043 (375 %

11965 , 045 %
2,162
15184 . 444



xxxii.

Appendix 7.3.1: BIiicct cf fee: restriction on water requirsmont oI sheep

{.1I0V4.
Source a.f. Mecn sgueres L

Serum albumin Blcod ure=2 Plasm> Sedivm Plzasme potossiunm

nitrogen

Treotment 2 1 41646%%% 21.838%x# 46,700+ Ce15997%*
1 Vs 2,3 1 1.95510%*» 37 438%%% 77 +535#H C.1488L**
2 Vs 3 1 087781 wk% 6.239 15..820 0TI I
Resicual 45 0.02103 1.635 [ 0.015%2
Totel 47 0.08041 2.494 5.024 0.02205
*F/C.05
.w“.*uuho - OA

###P/ 0,001



xxxiii.

Appencix 7.3.2:

LNOVE

Scurce

Tre: tment
1 Vs 2,3
2 Vs 3
Residuzl
Totcl

#B/C.05
#%P/0.01
###P/ 0, 001

Effect of £ ced

Me~n sguires

Flosme mognesium Flasma chloride

0.01€665% 11.186%
C.027001*
.0UE328 227111
0.004743

0,005250

Tot 1l protein

7. 25087 #**

restriction on water requiremcix >f sheep.

MCV

109.:951 %%

127 55G%***
92 J3LL %
5:229
10.229



xxxiv.

.h..Hu_Hu_h.ku. Hx ﬂ.lu .W.u

o NCVi
Scurce
Tre: tment
1 Vs 2,3
2 Vs 3
Residual
Totel

I /0.01
#+%F/ 0,001

BEffcet of feed resitrctisn on woter requirsictt of sheep
d.f. Mein sguires
Hrero: lobin MCH FCV WEC RBC
2 37,3002%%%  B,G208%**% 400,335 %# 5815833 4%% % 12 ,4692%*»
1 57,8151 %%% G BLTTEXX  G20,167*e+ 52267 Tiw  22,6593%%*
1 16,0653 %%%  8,2520%%%  180,500%#+  BLOS Tic 222791%+
45 0:3360 0.6797 534978 541292 0.,2902
L7 1.9127 1.,0308 20.84% 208293 09085

LR A el
' sl
monu

2013
4,121
0705
14395
1.438



XXXV

appencix 7.4: Effuct of feeld restriction on weter requiroment oI shevp
! 5

& LT0Va
gource d.fs Meon squeres
Fulse rr te Respiratory rate Jaw moveoment  Rectal temper-triee
Trec tment 2 2304, 214%%% 220 [ T20% %% L7585 61t 1.94292%%%
1 Vs 2,3 1 8T B57#%% 358, 36%%# 730G, 0 3 .87860% %%
2 Vs 3 1 TUC,5T71%%% G1.,080%*** 2223 , 223 C.00723
Resicdunl 165 2a747 3.060 17,05 C.0C3984
Totrl 167 23:272 9.714 73:92 C.062¢€3
##%E/0,001



xixvi.

Appendix 8,13 Effect nf partial feel deprivation on
wrter met-bolism of Yankasa shceop,

Sourcc d.f. Menn squorcs
water int ke

Feriol 1 61
Treatment 2 G048 ¥ **
1 Vs 2,3 1 19802613 %**
2 Vs 3 1 7018
Period X Trt. 2 66019
Residunl 459 84818
Total L4 126882

***PLO_GO1



xxxvii.

Appenlix €.2: Effect of partial feed depriv:tion on
wrter metatolism of Yankas2 shocp.

Source d.Ts Mean squares
Average daily Average dally
gain hay int-ite
Trentment P 0. 00630677 *** 10290 4snie
1 Vs 2,3 1 0.00910651##* 197234
2 Vs 3 1 0,00350703%%* 3568
Resiiu:l 9 0,00002274 L4124
Totnl 11 0.00116529 2284

*##P/ 0,001



xxxviii.

Appendix 8.3.1:

Source

Trentment
1 Vs 2,3
2 Vs 3
Resicdual
Totel
*F/C.C5
*#*E/0.01
i Humn.,a 001

Effcct of prrtial feed deprivation on

-f.w.aH-Q

54
5

o

Mcen sguares

WAt AT me

Blcod urea
nitrogen

C, 6575 %+
14, 220L%%*
7 COLT%R%
C.2555
C.6270

e —
Serunm albumin

2.,31008%*%
4, 63027%%*
0.00788
0.04392
0.012517

Plasn~ 1L

J.81

ol
(WS

ol

1.30548:

). 32504

elaTes
—

bolism of Yank:=s

Plesm=z magne

C.10427
C.C0oC872
C.019981*
C.003462
4003714

fﬂ'

sium



Xxxl1lx.,

Appendix B.3.,2: Z=2ifect of prrtinl feed deprivotion on witer met-bolism of Yank:sa she

Source d.fe Meon squeres
Plzsme Flasme Tot~l Protein DAL Haeme "lcbin
sodium chlcoride
Trestment 2 56,.582#% 3,272 6. T155 %+ % 31.182%%* 2,556 %
1 Vs 2,3 1 01.221%#%  6.016 13 430444 30 5TTH** T I25 T
2 Vs 3 1 107, 9LL»% (0,528 04001 24787 1.1877*
Residuel 54 £.925 3.814 0.1393 1687 0.2596
Totel 56 10,127 3.795 0.3741 ZeT3C 0.3417
*P/C.05
#*F/C, 01

#:*mha.n%;



. +If [

Appencdix 8.3.3:

Source

Trectment
1T N8 2,3

2 Vs 3
Resicdu=l
Totzl
*F/C.C
®4F/0.01
#*%P/0,001

—

£

N

o

Mern squotres

‘cct of prrtizl feed deprivation on whtur nct

MCH MCV
12.359%*% 30,15

um.vﬂb*** mm.uﬂ*

2,414
1959 10,83

MCEC

1085 .124-8%+

155,152#:+ .+

mw - ru.aﬁ“..‘w L
3.690
T«313

A“.

M

a2 (DR
L7152 %%*
Eli o T1L%*R
5.+683
11,062

~f Yank=s . sn

WBC

3697 020%*
2QL3ZLEC#
L5516+
6392 445
TL85LEF



x31.

iprendix 8.4

Suurce

Trertment
1 Vs 2,3
2Vs 3
Resicual

Totel
+x#P/ 0,001

Effe

d.d

(A%

255
257

Meen Squares

ct ¢f pertinl feed deprivaticn on water

Respirztory rete
325 .689
6LO .BLE

14531

2,699

52213

Pulse R te
1808,987***
3210,936%**
587 .038%**
G.815
24,632

Jemry OV nt
JWQ I i thu\_ e
30607 7T
50le &

Rectal tor o
8,181H 4%

1 TTOVIRER
1.p835 . *#¥
}oUD
CeTIET(

metobolism of Yankzs2 shc p

roture



Apper “ix 9.1

on w-ter consumption of shevp nl

A NOVI 1

Source

Feriod

Trentment )
1,2,3,4 Vs 5,6,7,8
1 Vs 2

3 Vs 4

5 Vs 6

7 Vs 8

Period X Tre tment
nesidual

Trital

*p/0,05

*«n-pé_’" .09

*##P/0, 30

x1ii.

1584
1599

Effcct of concentrate to rough” 1=

Meazn sguares

36217227%**
23733340 %*%
4163793264+
T39532] ¥*%
1034289%
1896955*#
L161600%*#
601724
138753
266634

reti

ct
1é:]



x1iii.

Appendix 9.2: Effect of concentr-te to roushige ratio
cn wotor consumption of shcep ani goiis

ANOVA
Sourcc defe Mceonn squires
Average il 57in
Treotment T 0, 00643564 %% #
1,2,3,4 Vs 5,6,7,8 1 0.03571125% %%
1 Vs 2 1 0.0006125* %%
3 Vs 4 1 0, COT3205#%#
5 Vs 6 1 0,002
7 Vs 8 1 0,0018
Residual 24 0.00002825
Totel 31 0.00147508

#vsp/0,N



x1iv.

Appendix 17.,1: Effcet of feed menagement on wter irtoke

ANOV.

Source [ I 2 Menn squires
water int-ke

Period 1 25535 T4¥***

Treaotments 3 1881270%#*

1,2 Vs 3,4 3 2103408%**

1,3 Vs 2,4 1 511162

Period X Tre-tment 3 58786

Residual 792 183738

Totnl 799 192609

**PA.". M
***gﬁg;}ﬂ



xlv.

Appendix 10,2t Effect of feed management on woter int-ke
of Yankasa shucpe

ANOVA
Sourcc [ 5 Mean squares

Avernpge daily gain Averapze hor inteke
Trentment 3 0.00106425%%* 1937 , Ol
#,2 Vo 3,4 1 0.0(198025%** 2221 2L
1,3 Vs 2,4 1 0.00142225%%* 3533 ¢ 138
Residunl 12 0,00005325 95479
Total 15 0, 00025545 L7742

**ip[ﬁ.n01



