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Studies on the Water Requirements of Farm Animals 
in South Africa. 11.-The Relation between 
Water Consumption, Food Consumption and 
Atmospheric Temperature as Studied on Merino 
Sheep. 

By R. CLARK and .J. I. QUIK, Section Physiolog:·, Onderstepourt. 

lK their comprehensi Ye l·eview ' ' The ""a tel' Economy of Farm Animals '' ' 
Leitch and Thomson (1944) dra"· attention to the sca1·cih· of data on the 
\Yater requirements of farm animals the world over. TheY also poin t out 
that nmch of the available data is incomplete in that details of the t:·pe 
and amount of food consumed and current climatic conditions are not fullY 
recorded. Most of the aY~1ilable \York has been done on cattle and detaiis 
with rPgard to sheep are extremely meagre. Only one reference to the 
'' ater consumption of sneep under South African conditions is cited (J3raun s 
j 930). 

In the previous paper (this .Joumal) the authol'R reported on the effect 
of intermittent watering on the food intake of merino sheep. It was found 
th at a diminished water consumption acherselY· afleeted the intake of 
lucerne hay but not that of grass hay. 

The experiments to be recorded here were nesigned to thrO\Y further 
light on the relationship betwPen water anrl food intake and the effect of 
atmosvheric temperatures on both these factors. It is fullv realised that 
the climatic influence cannot be evaluated in terms of anv single fador sueh 
as temperature, but it is beyond the scope of this article to attempt to 
analyse the eomposite effects of the various meteorological conditions which 
form the climatic environment. 

METHOD. 

The inYestigation ''"as conducted in two separate experiments as 
follows: - · 

Ea;zJe?'iment I.-This took place between the 5th and the 24th 
of February, 1946 (18 clays duration). 

E:cpPrinwnt 2.-This was an exact repetition of the first experi­
ment and was conducted between the 19th of August and the 27th of 
October, 1946 (70 clays duration). _ 

Heceind for publication on 19th September, 1947.- Editor . 
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In both experiments merino wethers of between 18 months and two 
years of age and of approximately 70 lb. body weight were used. 'l'he 
animals wel'e housed in individual feeding pens on a concrete floor and 
under an iron roof. 'l'he water and f.ood consumption was measured daily. 

In each of the experiments twelve different sheep were used. The 
animals were divided into three groups of four each and were fed lucerne 
haY exclusiYely as follows:-

Group 1.-Lucerne hay and water both ad lib. 
G1·oup 2.- \Vater restricted to two litres daily and lucerne hay 

ad l'i!J. 
Group 3.-Lucerne hay restricted to 600 gm. daily and water 

ad lib. 

'l'he atmospheric temperature and relative humidity were continuously 
recorded on a thermo-hygrograph plared in the stable at about 18 inches 
from the ground. 

RESULTS . 

'rhe full data are recorded in the appendices. Table 1 g-1ves a summary 
of the averages of the figures obtained. 

TABLE 1. 

I Average Daily Con- Body Weight. 
sumption per Sheep. Ratio of (1:0.). Average. 

Water Maximum 
Exp. Group. 

I 

to 

I 
I 

At.mos. 
Hay. Water Food. I Before. After. Temp. (F). 

I (Kg.). (Litres). 
I I 

I 

1 (18 days) 1 1·39 3·80 

I 
2·73 I 69·5 73·5 -

2 J ·00 2 · 00* 2·00 70·8 68·5 83·3 
3 ·60* 1·95 3·25 64·5 59·3 (65· 0 to 97 · 0) 

------· --- - --·-
2 (70 days) 1 1·45 4·21 2·90 76·1 89·3 -

2 1·41 2·00* 1 ·42 74·6 89·0 84·2 
3 ·60* 2 ·86 4 · 77 77·3 77·7 (69· 0 to 98· 0 

* Restricted. 

When limited to two litres o£ water a day the animals in the first 
e.xperiment consumed only 1 Kg. of lucerne hay daily, as compared ·with 
1·39 Kg. eaten by the controls receiving unlimited wate.r. This depressing 
effect o£ a restricted water supply on the appetite was not so marked in 
the second experiment. In this case the sheep on restricted water took an 
a vera.ge of 1 · 41 Kg . hay per da ~' compared with 1 · 45 Kg. by the sheep 
with unlimited water. 

This disparity between the results of the two trials can p.robably he 
attributed to individual differences in the animals selerted, as similar 
weather conditions prevailed in both experiments. 

346 



Days 

Food Kg. 

WareY" 
( ltrres) 

U.tmospheric 

Temperature 

6241-6 

l·50 

1-40 

1·30 

1·20 

1·10 

1·00 

·90 

s·o 

4·5 

4·0 

3•5 

3·0 

2•5 

2·0 

95 

90 

85 

80 

75 

70 

R. CJ...I.Itli: ASD J. r. Ql:lS 

GRAP H 1. 

4 8 12 16 lB 

Group 1 . Wafer ad lib. 

0- ------ ~-------a._ 

Group 2. ',,, 
Water restr'tded . 

Group 1 . 
Food .ad lib. 

G roup 3. 

0 
Food resl-rided o-/ 

..... ........... .... .... 

34-;" 

/ 
' / ' / 'o 

' / 

0 



TI-IE " 'ATER llEQUIRE~lEKTS OF l:'AR~I ANDfALS IK SOUTH AFRICA. 

The amount of 'mter and food consumed can Le ex-pressed in a ratio 
g iYing the amount of \Yater taken per unit weight of food. As will be seen 
from column 4 of Table 1 t h is figure was 2 ·73 and 2 · 90 respectively for the 
t \YO experim ents wh en th e sheep were allo,-red free access to both food and 
\Tater. \Vh en ,~·ater \Tas r estricted a greater amount of food " ·as consumed 
per uni t volume of water. When food was restricted, on the other hand , 
a relatiYely l arger amount of " ·ater was consumed. 

GRAPH 2. 

D a y5 ;) 10 ~:; 20 z:, 3~ 35 40 4 S so 55 60 65 70 

1 60 
p. 
' ' 

Food ' ' ' \ 
Consumption I 50 ' o---..o.,, 

' ' .0 'o.. /A., 
(Kg ) Group I 0 ....... -...o- .... --o-- --cf'--"' 

' -
140 

-o- _ _ -0 ' '0, 

Wafer ad ltb . ' ' ' ' l ·30 0 

I SO 
.o- - - - ~ 

Food ' P. 
A ' /'-,,_o-___ a._ ' ' I \ I ' Consumption I 

' I \ ' 
I "' 1·40 I 

I ' ' 61 ' ' (Kg) Group 2. 0..-- -0 ' ' ' 
'r:f 

' I 

Wafe r- 130 \ ' 
\ 
I 

ts I 

r estricted . I 

l20 ' I 
0 

5 ·0 
/9-, Water-

' ?-, 
Consumption 45 

/"a..,, 
I 

' I 
/ ....... 0 

I 
I I - - -o----.0..., 

(Lr) Group i. 
40 >-' - - - -<>---- I 'u ·--a 

Food ad l'lb / <>----d 
I 

I 3 5 p.._ 
I ,a.. ,c, I ' ' I ' 0 

Wate r- I / 
/ ' ' 

I I 

d I 

' I 
I I 

3 0 ?----o __ -0' ' I I 
Consumption I> ' 'rf I 

I I I "'----i (l~) Group 2. 2 5 I ' \ I 
\ I 

Food D' ' I 
I ' I -- ' I 

resrnded . 2 0 . o' 'd 

95 .0 -
Maximum 

p· 

90 P. 
I 

Afmospher.,c ,. .. o ....... I ' ' 
I 

I rrl 
I 

I ' ,.,. I ' ' -
Temperature BS o· -- --o-- I 

(oF) I 
I 

BO ,o ... , I 
I ', I 

I 'G-- --d I 

75 I 

/ 
E .'t;zje1'iment 1. 

The resu lts ·of th e first experiment are shown in Graph 1 , t he point 
plotted being the averages for the groups over per iods of four dayR. 

'rhe direct cor relation between the amou nts of food and water l~on suine<l 
when both were given ad lib. (Group 1) can be seen. 
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),_]though the experiment was of short duration, there were considerable 
fluc-tuation s in the weather cond itions during the experimental period as 
sbown by the bottom cun·e. 

The effect of atmospheric temperature ou thirst can be seen from 
inspt·dion of the g.raph. The general trend towards hotter weather caused 
an increased consumption of water by the sheep reeeiving unlimited food. 
The clirect correlation between temperature and thirst is much more apparent, 
howcYer, ''"hen the food intake was kept at a constant level (Group 3) by 
offering a limited amount daily . 

. Atmospheric temperature would appear to have had no effect on f.ood 
intake "·here water was unrestricted but ·where the daily water intal\e " ·as 
held constant (group 2) there is an' indication thHt a ~ise in temperatme 
c·am;ed a loss of appetite. As will he seen later t ht>se facts wel'e confirmell 
by sbti:;tieal anal~rsis of the data. 

JiJ,t:zJcri men!; 2. 
A,; already stated the second experiment was conducted from the late 

winter (August) to early summer (November). The results are represented 
iu Chnph 2, \Ytth tlw points indicating ~werages over 5 day period,:;. The 
ealeulah•d trend lines are also inrludecl . 

A.s inclieaterl in Graph 2 the atmospheric temperature showed an upward 
tnm!l <luring the experimental period . This was accompanied hv increased 
water consumption and a tendency to a slight decrease in appetite. As 
will !Jp seen thP latter was not proved significant on statistical anal~·si s of 
ihe dab. 

RTATISTIC.IL AK.-ILYSIS oF THE REsrT:rs. 

'l'he individual daily readings were analysed for each experiment 
sep~:rately and the correlations calculated. See Table 2. 

TABLE 2. 

Co-n'elation between TVater and Food Consumption. 

Experiment. 

l. .. ...... . ... - .... .. ......... --- .. .. . 

n = 20 

2 .. -- .................. -. - --- .. . . ..... 

n = 62 

Sheep ~0. 

1 
2 
3 
4 

Group 
---

13 
14 
15 
16 

Group 

GROUP 1. 

I Food and Wa.ter 
ad lib. 

I 

·736t 
·133 
·778t 
-699t 
·605t 

·212 
·239 
·166 
·630t 
·298t 

> 

I 
I 
I 

--
Temp. he! d 

Constant 
Mathemati~a .ll.v. 

·8301" 
·1;)1 
·742t 
·76St 
·651t 

·200 
·270* 
·195 -·o39t 
·289t 

---------------------------~--------------------~----------
* Significant. i" Highly significant. 
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As will be noted from this table there was a highly significant positive 
correlation between the daily intakes of food and water in both experiments 
when the groups as a ·whole were considered, but that the figures for four 
particular sheep, ~o's 2, 13, 14, 15 taken individually, did not show a 
significant correlation. This would appear to indicate that although the 
nmounts of food and water consumed are definitely related when taken for 
a group of animals over an extended period of time, there is often no 
relationship between these amounts for an individual sheep over a 24 hour 
period. From the detailed records (see appendices) it would appear that 
the amount of both food and water consumed tended to fluctuate, often 
independently, "When measured on a 24 hour basis. 

Thirst " ·ill depend not only on food consumption but also on climatic 
t:onditions including atmospheric temperature. vVhen this factor was held 
constant by mathematical calculation, the partial correlation between food 
and '<YntPr consumption was f.ounrl to be onl~· slightly enhanced. 

The effect of atmospheric temperature on water coHsumption was 
analysed in detail as indicated in Table 3. 

TABLE 3. 

Correlation bettceen TVater Consurnption and Ma.vim11m !ltrnospheric 
Tem.perature. 

GROUP l. GROUP 3. 

Food held Food 

Sheep Food and Constant 8heC'p Restricted 

No. Vi'ater lVfathema- Ko. ( ·6 Kg.) 
ad lib. 

t.ic~Jly. 
Water 
ad lib . 

Experiment. 

.! ........... .. ............ . ·421 ·665 9 ·808 

r, = 20 " ·559 ·562 lO ·515 

3 ·569 ·4Sl ll ·M3 

4 ·458 ·643 12 ·676 

Group ·504 ·.>67 Group ·63() 

13 ·352 ·345 21 ·292 " - .... .. . ...... . . ...... . ... . 

n = 62 14 ·314 ·337 22 ·512 

15 ·192 ·216 23 ·166 

16 ·596 ·492 24 ·387 

Group ·353 ·346 Group ·337 

A highly significant positive correlation \Yas found to exist between 
the volume of water consumed and the maximum atmospheric temperature 
recorded during individual 24 hour periods when the figures for the groups 
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were consiclered. Holding the food con stant either mathematically (Groups 
1 ) o1· experimentally (Groups 3) increased the value of this coefficient in the 
case of the first experiment but not in the seconrl. See T:1hle 4. 

TAHLE 4. 

C01·1'elat1.on l! et ween Food c;~nsu mption and Jlrw.:i1num il tmosph eric 
I emperaht1'e. 

GROUP ]. GROUP 2. 

\\"::.ter held 
Water 

Nhccp 
l•'ood and Constant Sheep 

R estricted 
\\'ater 2 Litre. Xo. ad hb. 

.:-rathema.ti- ='l'o . Food 
cally. ad Lib. 

Exp('rimf'nt. 

l. ....... - ·03!) - ·568 i) - ·307 
:.! ·01+ - ·073 (i - ·291 

11 20 3 ·37 l - ·139 7 - ·487 

-1- ·030 - · ;309 H - ·6:?!) 

Group 0·90 - · 313 Group - ·-!-!-1-

2 ......... . 13 · 072 - ·003 17 ·175 
14 - ·055 - ·141 18 ·03::! 

n l.'i - ·120 - ·157 HI - ·23l 
16 ·387 - ·018 20 ·057 

Group ·081 - ·027 Group ·001 

From the above it 1Yi ll be seen l li at in neither of the expel'iments could 
a correlation be found between food consumption anll maximum atmospheric 
temperatml' when both food and 1Yater \\·ere allowerl nd l-ib . Hestricting the 
\Yater intake to a l'Onstant leYel in the first experiment, however, reYe~ded 
n highly ,;ignifi('a.nt n egatiYe correlation hebYeen appetite anrl temperahn e. 
'J'his l'esult \Yas confirmed mathematicallY fr.om the figures from Group 1 
,,·hen the pndial conPla.tion 11·a;; ('akulatecl. 1 nfortunately this fincli11g could 
not he confirmell in Experiment 2 , although the tendencY to an inverse 
rebtion~liip '"" s again apparent. 

FI'Olll 'l'ahles 3 Dnd 4 it "·ould therefore appear that a rise in atmospheric 
tem1wrature ~Yithin the limits encountered, tended to depress appetite and 
to innea;;e lhind . W h en the food wn~ restricted to a constant level of intake, 
t he increas<'cl \Yater requin'd for heat (lissipation became apparent. \Vben 
food was given arl lih., howeve1·, a r ise in temperat.ure tende(l to depresR 
appetite, :;o decreaRing the 11·ater required for metabolic purposeR. Under 
these c·onditions, therefore, a rise in temperature tended to increase thirst 
directly but also to ll enea.se it thr-ougl1 the effect on appetite. The actua l 
clifference meaRured is, therefore, the sulll of the two effects. 

KmxET F-cxcnox. 

'l'he low rntio of "·ater to food consumption noted in the sheep on a 
limited water supply, could ~mly be ascribed to a reduction of water loss 
mainl~r by urine concentration. In order to study this aspect of the problem, 

351 
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two sheep from each group were placed in cages at Tegular intervals during 
the course of experiment 2. The urine was collected over a 24 hour period 
at weeklv intervals. The data in Table 5 were ·obtained from five such 
collectio~ s. 

'fABLE 5. 

Urine Collection. 

Group. l. 2. 3. 

Sheep ................................ . 14 17 I 18 I 21 I 22 

l- -82_4_1 _ _ 78_5_1-~~1 1,462 

1·034 1·058 I 1·018 1·015 

Average urine volume per 24 hours (c.c.) .. 657 I 1,870 

Weighted average S.G ................... 1·046 I 1·034 

Average mea (gm.) per 100 c.c. urine .... 3·1 I 5·8 I 6·2 1 ·3 1·5 
4·9 1 

Average 24 hours output of urea. gm ... .. 32·8 _ 57 ·8 1 

I 
I 

---
48·2 22·7 22·3 

I --
47·9 

Average dai ly intake lucerne hay (Kg.) .. 1·15 

Average daily intake water (c.c.) . . ...... I 3.960 

W:tter to food ratio .................... I 3·4 

1·55 

I 4,340 

2·8 
I 

1·37 

2,000 

1·5 

I 1·31 ·60 ·GO 

I :!,000 3,490 3,470 

! 1· ;) 
I 

5·8 5·8 

l•'rom this table it will be sePn that the sheep on a restri('ted Wetter 
supply (Group 2) passed a highly concenhatecl urine, the maximum urea 
('Oncenhation encountered being 8·1 gm. per 100 c.c. urine. 'fhe merino 
sheep i~ well known to be remarkably economical in its use of wate1·, but 
attentio11 has so far been focussed ou the \Yater absorbing- pmYers of the 
large intestine. Wright (1936) in discussing the 1uea concentration test 
on lmmans states: "Normal kidneys may concentrate io 4 per cent. ·or 
over ". The fact that the two sheep in the present experiment maintained 
a un'a concentration of approximately G per cent. for a period of 70, days 
" ·ithout any clinical signs of kidney damage, would indicate that these 
animals can also ('Onserve water by hig·h urine co11eentration. 

The two sheep takl:'n at random from Group 1 sho"·ed marked individu<tl 
diffe1ences. Although sheep 13 consumed more water per unit \\'eight of 
hay than sheep 14, the v·olume of urine passed was considerably less and 
the urea more eoncentrated. 'l'his ('::111 only point to a greater loss of water 
hy channels other than the kiclnf'ys. 'l'he figures indicate the individual 
variationR in physiological function to be expected when dealing with 
nmnherR of a nimals even under identira 1 conclitions. 

SuMMAn.T. 

1. 'l'he eonsumption of lucerne hay and water by merino sheep has 
been recorded in two separitte but identically concluded experiments uncler 
the follmYing conditions :-

(i) Both food and water given acl lib. 
~1i) Wder restricted to 2 litres, food ad lit;. 

(iii) Food restricted to 0·6 Kg. " ·ater ad lib. 
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2. A highl:y significant positiYe correlation was found between the 
amounts of hay and water consumed when both were offered ad lib. 

3. A highly significant positive correlation was also found between the 
amount o:t water c-onsumed and the maximum atmospheric temperature for 
the day. 'l'his coefficient was enchanced by feeding a fixed amount of ha:· 
in tl1e first expe1·iment but not in the second. 

4 . Ko direct ('OlTel::ttion could lJc sho1Yn beh>een the hay consumption 
and atmospheric temperahue "·hen water supply was unxeshicted. 

In the fin;t e:-.: periment a highly siguificant negative correlation was 
founrl between t hese two factors when a fixe(l amount of water was given, but 
this (:ould not be confirmed in the seconrl experiment. 

5. Urine was collected from representative animals hom each group. 
It was found that the animals on a restricted water supply maintained a low 
"·ater to food ratio by passing small amounts of highly concentrated urine 
(urea up to 8 ·1 gm. per 100 c.c.). Marked variations were found between 
individual sh eep receiving both hay and water ad lib. in respect of volume 
and concentration of urine. 

A CKl\0\\' LJ·:DG:IlEKTS . 

'J'he uuthors "·ish to t h ank Dr. Laurence and Messrs. Yan Jer Reyden 
;md van Eeenlen of the Section Statistics for their help, also ~fr. Myburgh 
for +he urea Jeterminations . 
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APPENDIX 11
Experiment 2
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APPENDIX II (cont.)

Experiment 2




