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Ix their comprehensive review ‘° The Water Feonomy of T'arm Animals 7,
Leiteh and Thomson (1944) draw attention to the scarcity of data on the
water requirements of farm animals the world over. They also point out
that much of the available data 1s incomplete in that details of the type
and amount of food consumed and current chimatic conditions are not fullv
recorded.  Most of ihe available work has been done on cattle and details
with regard to sheep are extremely meagre. Only one rveference to the
water consumption of sheep under South African conditions is cited (Brauns
19307,

In the previous paper (this Journal) the authors reported on e effect
of intermittent watering on the food intake of merino sheep. It was found
that a diminished water consumption adversely affected the Intake of
lucerne hay but not that of grass hay.

The experiments to be recorded here were designed to throw further
Hght on the relationship belween water and food intake and the cffect of
atmospheric temperatures on both these factors. 1t is fully realised that
the climatic influence cannot be evaluated in terms of any single factor such
as temperature, but it is beyond the scope of this article to atten ¢t to
analvse the composite effects of the various meteorological conditions which
form the climatic environment.

MEeTuob.

The investigation was conducted in two separate experiments as
follows : —

Eaperiment, 1.—This took place between the 5th and the 24th
of I'ebruary, 1946 (18 days duration).

Experiment 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 days duration).

Editor.
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TIE WATER REQUIREMENTS O FARNM ANIMALS IN SOUTH AFRICA,

The amount of water and food consumed can be expressed in a ratio
giving the amount of water taken per unit weight of food. As will be seen
from column 4 of Table 1 this figure was 2°73 und 2-90 respectively for the
two experiments when the sheep were allowed free access to both food and
water.  When water was restricted a greater amount of food was consumed
per unit volume of water. When food was restricted, on the other hand,
a relatively larger amount of water was consumed.
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The results of the first experiment are shown in Graph 1, the point
plotted being the averages for the groups over periods of four days.

The direct correlation between the amounts of food and water consumed
when both were given ad I/b. (Group 1) can be seen.
D
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Although the experiment was of short duration, there were counsiderable
fluctuations in the weather conditions during the experimental period as
shown by the bottom curve.

The effect of atmospheric temperature on thirst can be seen from
mspection of the graph. The general trend towards hotter weather caused
an increased consumption of water by the sheep recelving unlimited food.

1e divect correlation between temperature and thirst is much more apparent,
however, when 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 food
intake where water was unrestricted, but where the daily water intake was
held constant (group 2) there is an indication that a rise in temperature
caused a loss of appetite. As will be seen later these facts weve confirmed
by statistical analysis of the data.

Eyperiment 2.

Axs already stated the second experiment was conducted from the late
winfer (August) to early summer (November). The results ave represented
1 Graph 2, with the points indicating averages over 5 day periods. The
caleulated trend lines are also included.

As indicated 1 Graph 2 the atmospherie temperature showed an upward
trend during the experimental period. This was accompanied by increased
water consumption and a tendency to a slight decrease in appetite. As
will be seen the latter was not proved significant on statistical analysis of

- data,

STATISTICAL ANALYSIS OF THE RESTLTS.

The individual daily readings were analvsed {or each experiment
separately and the correlations calculated. See Table 2.

TasLe 2.

Correlation between Water and Food Consumption.

- e
{

‘ Grour 1.
Bxperiment. ‘ Sheeo N Food and Water Tgfr{’s't;ftld
e A ‘ ad 1. B‘Iatﬁematical]y.
) i
L e | 1 [ 736+ ( -8307
| 2 | -133 151
n = 20 3 “T78% 7427
4 - 6997 -768%
Group <6051 ‘ -6517
e ‘ 13 ‘ -212 ! -200
‘ 14 \ -239 | -270%
n = 62 15 { -166 \ -195
[ 16 -6307 -539%
Group ‘ - 2987 2897
* Significant. 7 Highly significant.
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THE WATER REQUIREMENTS OIF FARM ANIMALS IN SOUTH AFRICA.

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 fo
particular sheep, No's 2, 13, 14, 15 taken individually, did not show a
significant correlation. This would appear to indicate that although the
amounts of food and water consumed are definitely related when talen for
a group of animals over an extended period of time, there is often no
relati ionship 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
mdependently, when measured on a 24 hour bhasis,

Thirst will depend not only on food consumption but also on climatic
conditions including atwiospheric temperature. When this factor was held
constant by mathematical calculation, the partial correlation between food
and water consumption was found to be only slightlv enhanced.

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

Tasrre 3.
Correlation between Water Consumption and Maximum Atmospheric
Temperature.
e ‘ - ‘.*.‘4 e — N —
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- 77&‘“’—*,1“'1 | “ .
| R L ’ 21 | 665 ‘ 9 \ -808
no= 20 G2 ] w10 -513'
I | .
| s | 560 481 \ 11 ‘ 43
s b s ‘ 643 | 12 [ 676
| i . i . |
| Group R | Growp | 636
- \ 1 o T o
Y ro13 | 852 | Bb | 21 | 299
|
n = 62 | 14 ‘\ 314 | 337 ‘\ 29 | 512
|
SRC SRS T S NS ' S | 166
| |
| 16 \ 596 | 492 \ o4 \ -387
’ Group 353 346 i Group \\ 337
\ |

A highly significant positive correlation was found to exist between
> volume of water consumed and the maximum atmospheric temperature
vecorded during individual 24 hour periods when the figuves 1 the groups
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two sheep from each group were placed in cages at regular intervals during
the course of experiment 2. The urine was collected over a 24 hour period
at weekly intervals. The data in Table 5 were obtained from five such
collections,

TasLe 5.

Urine Collection.

Group. ‘\ 1. ) 2. i 3.

SRCEP. v e et 13 1 : 17 ‘ 18l = I
Average urine volume per 24 hours (c.c.). . 657 \ 1,870 ‘ 824 \ 785 ‘ 1,727 ‘ 1, 4(>H
Weighted average S.G................... 1-046 | 1-034 1-034 ‘ 1-058 ! 1-018 1-015
Average urea (gm.) per 100 c.c. urine.. .,4‘ 4-9 3-1 5-8 6-2 ‘ hl‘o
Average 24 hours output of urea. gm..... 328 57-8 {_47-9 ‘ 48-2 l 297 | 2203
Average daily intake_hwerne hay (Kg.).. 1-15 1-55 ‘ 1-37 ’ 1-31 - -60 -(i:
Average daily intake water (c.c)........ 3.960 | 4,340 | 2,000 } 2,000 \ 3,490 ‘_;E(T

a- 5 } 78 5.8

Water to food ratio.................... 34 . 2-8 ‘ 1-5 15

From this table it will be seen that the sheep on a vesiricted water
supply (Group 2) passed a highly concentrated urvine, the muaximum urea
concentration encountered being 8-1 gm. per 100 c.c. urine. The merino
sheep 13 well known to be remarkably economical in its use of water, lLut
attention has so far been focussed on the water absorbing powers of the
large intestine. Wright (1936) in discussing the urea concentration test
on humans states: °° Normal kidneys may concentrate to 4 per cent. or
over 7. The fact that the two sheep in the present experiment maintained
A urea concentration of approximately 6 per cent. for a period of 70 davs
without any clinical signs of kidney damage, would iundicate that these
animals can also conserve water by high urine councentration.

The two sheep taken at random from Group 1 showed marked individual
differences.  Although sheep 13 consumed more water per unit \\'eig‘ht of
hay than sheep 14, the volume of urine passed was considerably less and
the urea more concentrated. This con only point to a greater loss of water
Ly channels other than the kidneys. The figures indicate the individual
variations 1n physiological function to Dbe expected when dealing with
numbers of animals even under identical conditions.

SUMMARY.

L. The consumption of lucerne hay and water by merino sheep has
heen recorded in two separate but idenfically conducted experiments under
the following conditions : —

(1) Both food and water given ad lil.
(1} Water restricted to 2 litres, food ad [ib.
(iii) Food restricted to 06 Kg. water ad ll.
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2. A lhighly significant positive corrvelation was found between the
amounts of hay and water consumed when both were offered «d lib.

3. A haghly significant positive correlation was also fouud between the
amount of water consumed and the maximuam atmospheric temperature for
the dav. This coeflicient was enchanced by feeding a fixed amount of hay
i the first experiment but not in the second.

4. No direet correlation could be shown between the hay consumption
and atmospheric {emperature when water supply was unrestricted.

In the first expertment a highly significant negative correlation was
founid between these two factors when a fixed amount of water was given, but
this could not be confirmed in the second experiment.

. Urine was collected from representative animals from each group.
[t was found that the animals on a restricted water supply mamtained a  w
water to food ratio by passing small amounts of highly concentrated urine
furea up to 8-1 gm. per 100 c.e.).  Marked varations were found between
mdividual sheep receiving both hay and water ad 1b. 1 respect of volume
and concentration of urine.
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APPENDIX 11

Experiment 2

No. I7. | ‘ I
No.of Group. | of | and | 1 | 2 [ 3 4 |5 | 6 | 7| 8 } 9 [ 10 | 11|12 | 13
[Rheep. W. ‘ | l
| |
- | i | | ( |
|11 ] 12|
droup L........ | 13 ‘ . 12 07|09 ‘ 1-1|1-1(1-2|1-2|1-2|1-2|1-2|0:5| 11|13
| ‘ W. 3210 27|24 3.0 333236 ‘ 3-1 27|04 35|30
‘ | ! 1
14 F 1-6 |16 | 16|15 1-7|1:6|1-5|1:3|1-6|1-7|1-2|1-3]| 1-6
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|
10 F. 16| 14 | 15|14 17‘1-5 1-5 | 1:6 | 17 [ 1-3|1-5 | 16| 17
20 F. 1-2 | 1-1 |14 |12 |i-4!1-1|1-3|1:5|1-9|14]|14 1-4‘1-6'
[
| S - | L
Group 3........ 21 W, 1-8|27 21|20 23 | 1-7|35[21(26(1-9]|25|29| 24
|
2 | w. |20]|25|23|20]20 ‘ 24 (1-8|28|82125|23) 54|34
|
23 W, 162321 1-3|1-41-4f17]|1-7 2217012 2033 |
24 W. 16 ‘ 2:0/1-9!15 } 14 | 1:311-9 | 2-0 | 2-6 | 1-6 12| 1-8 | 3-1 |
RPN N N N N Nl
Temperature.......... Max...p 70| 70| 69| 72| 80| 80 ‘ 80| 84 81 81| 78 76| 79
: | 1
Min... | 38| 34| 34| 35 ‘ 44 | 43| 1 ‘ 44 44| 50| 48 44! 43
B L L
B | | |
Humidity............. Mas..| 75| 70 ! 0| 66| 65| 46| 49 | 49 | 42| 74| 60| 87| 72 |
Min... | 30 ‘ 22 | 20 | 27 ‘ 18] 18 19 ‘ 18] 26| 20| 84| 81 24
. . i J . \
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Exrerimest 2,
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APPENDIX II (cont.)

Experiment 2
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