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and 
of 

Mohamed F. A. 
DESERT  RESEARCH  INSTITUTE 
AL-MATAREYA,  CAIRO, EGYPT 

- chez le L'eau, la sel qui  s'ensuivent, peuvent 
à des point  de vue, à 

été du est de des 
- 

du  chameau, y d'un le 
du l'eau 

à de 
en Egypte, la 

ces la  salinité de l'eau,  le  type  de  diète  et  le  niveau de  consommation  de 
La sel. sont 

est donnée du  chameau  en sel, les liés à excessive, ainsi 
que la à l'eau  salée en  tant que  boisson  et l'effet de celle-ci. 

bilan de  NaCl. 

- Water, heat  and the associated  salt problem can  be  detrimental to survival desert  animals. this respect, the  dromedary 
camel has always  been  legendary for its tolerance  and  adaptation to conditions of physiological and nutritioaal  stress. is the  purpose 
this article to first give  an  overview of the problems maintaining  heat  and  water  balance  under  the  adverse  conditions hot  dry  desert 
environments.  Several  topics  are  discussed  to  illustrate the peculiarities the camel  including  the  questions  about its capacity store  heat 
and  water  and the adaptive  mechanisms  involved 
A second  section  deals  with  a  summary of some results from comparative  studies  between  camels  and  sheep,  carried out at The Desert 

of the factors aflecting water  intake,  excretion  and  conservation. These include  type diet,  level 
protein  intake,  level  salinity  and  water  deprivatiorz 
The last  section  considers the so called  salt problem Since appropriate  information is scanty, onb a  brief  account is given the  needs of 
camels  in  the  deserf for salt  supplementation  and  its  tolerance  to  drinking  saline water. 

wordr:  Dromedary,  water  metabolism,  thermo-regulation, balance. 

Introduction 

the camel  included,  gain heat 
both the and own 

of metabolic  heat. 
in hot 

and may act to add to the heat load instead of 
being  means of heat  dissipation  as  they would  in  a 

to depend on the 
heat and 

of mammals  inhabiting 
can be summed up 

as the need to and at the same 
The situation is 

hot up and 

is to examine  situations 
and salt could to the 
in its habitat, and the 

of this unique animal  enabling it to 
and of 

of 
This is  of sign  of 
inadaptability in some  species  may in fact  be an adaptation 

a  mechanism of in the 
many  seemingly  disadvantageous  conditions  could  be of 

to the animal 1987). The advantages 
to the camel of is a  good 
example.  This may be to species  as 
well. 1964, 

the of body 
advantages and disadvantages.. At  least it to 
avoid classifying it of 

~ ~~ ~ ~~ 
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Maintaining  heat  and  water  balance. 
Basic  principles 

Since  the  Schmidt-Nielsens 
on about 40 
followed by 

in in 
and 
in studying the camel and state of knowledge  has  been 
advancing but in  some  aspects than The subject 
of physiological adaptation of the camel  has been 

g. 1964; 
LANE,  1968b; and 1981; 

1984). has  been two main 
heat balance and 

to to get to the point by 
going  back to its and to the following 
questions:  does  the  camel heat?, does it 
and what adaptative mechanisms have given the camel  its 

the ship of the 

the camel store heat? 

A. THE FLUCTUATING BODY TEMPERATURE 

The of 
camels in by and 

(1919) and the camel 

(1957), again in an 
in the body of camels daytime 

of about 2 and up to 6 
C in the 

of the 
in and 

The body the day  allows 
the heat the hot and 
that This heat is then  lost 
passively the conduction, convection 
and at no cost to body body 

' has not the daytime, heat would have  been 
dissipated  by the 

the 
the efficiency of heat 

and The body also 
tends to heat gain the 

the heat load on the animal.  These 
explain  the  findings that camels have low 

of and 
1974) and of et al., 1979), and its 
economic  sweating 1986). 

The topic has not due attention in species. 
(1968b) that sheep  in 

of 
about 2 39 to 41, the camel  in  the 

37 to 
40 C, of 3 the  -6- 

~ 

1964). Table 1 of the heat 
of camels and sheep  based on the above 

and it the advantages of the 
fluctuating body and body size  of the 
camel. 

B. BODY SIZE AND THE METABOLIC RATE 

The 
able to the hot 

daytime and loosing it the 
This  mechanism is aided, to the  benefit of the  camel, 
by the advantages of its body size and its low 

both of which  tend to the 
heat load and 

Table 1 

OF 

I l I I i 

k d k g 0 . 7 5  

5.3 2 50 Sheep 
23.6 6 500 
9.5 2 500 

on (1964) 

W - w a t e r  ad l i b i t u m  

D n  d e h y d r a t i o n  

+ 60 
L 40 

4 6 8 10 12  14 16  18 20 22 24 
June 1954  

1. in camels,  donkeys 
et al., 1957). 

of animals size dependant. They 

the mouse to the elephant. 
we need to 

1961; 1968a,b): 1, 
is to metabolic body size 

(W0.75); 2, heat  exchange with the 
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is to (WO.67), and 3, 
of body and of 
metabolism to body mass (WO.82). 
exponents  being  less than 1 .O indicate that the 

metabolic  size and 
body  mass  would be in  a in the 
hot the 
less metabolic heat and less 
to than the animal. 

of but 
belonging to 
species (table in adaptation 
to hot the camel is 

to the the 
functions  cited above, and it is to both Zebu 
and cattle of the 

Table 2 

OF 

kg. d/kgo.sz k~al/kg0.75 

Camel 

315-380 95 400 Cattle: 

104 50 400 

B. indicus 80 260-350 

Sheep 

et al. (1968ab), 

130-210  55-63 40 

(1974). 

On the hand, the of camels  is 
low, 50 kcaVkg0.75,  well the 

= 70W0.7s) and 
sheep and cattle (table 2). 

(1967) found that Qlo the of 
not 

to the the body 
rises, i. e. the 

the camel's low 
metabolic and the body 

the flow of the 
and 

excessive 

C. INSULATION 

The capacity of the camel to fluctuate  its  body 
and 

by the benefits of 

and low is by the insulating 
of  its and is an 
topic to to both 

balance and of the camel. 

(1984) 
and stated that suggest that 
animals  exposed to and high  levels of 

should possess black  skins to much of the 
that the coat to damage to 

tissues. The coat  should  be smooth and 
enough to act the heat but 
not too heat loss at the 

~ at the and the coat 
the is On 

the hand, if the coat is too thin  such  as  in 
animals, heat the and 

used Schmidt- 
Nielsen's the seem to 
indicate that the 
the is  most about 30 mm. on the flanks 
and 15-20 mm. on the of the body, 

addition 'to and skin the 
thikness of the subcutaneous fat heat 
flow to the of the skin. that fat in the 
camel is localized in the hump, as  in the fat-tail and 

is  of value in heat  dissipation. 

D. EVAPORATIVE COOLING 

(1964). 

Eventhough the advantages of size, low metabolic 
and the heat load on the 

camel in and the advantages of the 
fluctuating body heat 

daytime to be the 
the camel  still  needs to dissipate some heat  in to 

hot is 
the 

the by  panting 
sweating and the 

of heat  dissipation it 
is The heat of of 1 

at 33 is 544 fact it may 
than that if at 

than at the tip of the and 
(1964) suggested a  value of 580 1 g. 

of the 
is  of no value to the 

the had of 6-1 1 
to 

minute in the of the 
1964) and to 

.minute 1968a,b). 
g. 270 

minute in 
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on 
they have no sweat 
glands 1894; c.f. 
1964), but LEE and (1962) using 
tests with indicating sweat glands 

the of the 
study sweat glands 

the hump, neck and flank found 
and 

between the and of man 
and cattle, 212 g. 

of 
camels to  293 g. in  the sun 
30 minutes. Table 3 in 
camels and cattle,  indicating the 
cooling of the camel,  especially  since  sweating  in cattle 

of total 
heat 

Table 3 

Camels: 

Egypt: 

~ 

g/m21hr. 

240 
280 
2121 
293 

580 (625)* 
329 (400) 

1957 
et al. 1963 

1986 
E L - Z E N ,  1986 

& 1960 

1955 
& 

1. 60%  sweat  and  40%  insensible  loss. 

2. 
the 

if sweating is  essential to heat  dissipation and 
hot 

to the animal. in 
8.2-8.5) and is in potassium,  4  times as 

much  as  sodium et  al.,  1963).  At  high 
the amounts of and 

significant to be 
and if it of 

and man at high 
loss of sodium may go up to 10-30 g. 
sweating the effect  of salt loss  may  not  be but 

diluted and this may lead to known as 
sometimes  ending in death. 

was noted, that 
sodium (and and but salt 
output the skin cannot be 

at 

the past,  people  talked about 
specialized  sacs  in the bottom of 
talked about of the hump, but was 

of the fat in the hump. 
Now,  we know no 

the in the hump. As to the 
oxidation of in the hump, we should 
that it and not 

than the oxidation 
in a  net deficit and, 

thus,  it  is  actually to the disadvantage of the animal as as 
is 

be asking the same question 
again: the camel and am tempted to 
maintain the is  YES! 

Table 4 

OF  FAT 
(Assumed  metabolic  level 10.0 

kg. kg. kg. 

Fat 
0.71 820 0.56 1 .o 
1.69 2,010 1.07 l .o 

kg, 

0.62 
0.15 

that 
volume of 
of the effect  of and heat in 

1968a). This is 
and the 

the 
hypothalamus and action 

and the kidney.  This and the fact that 
have difficulty  in  putting on 

fat  in hot total 
constitutes than 70% of  live  body  weight, but may go 
down to about 50% in 

and 
c.  f. 1964) suggested 

that  a  <<physiological  subcutaneous edema,, 
on high  salt intake within few 

about 24 
(1964) had seen no evidence of it. we 

the naked  eye,  in  one 
13,000 ppm. total 
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salinity and 
unpublished). 

addition, is also in  a  sense,  as  fluid  in the 
to 15% of the live 

body  weight of the 
upon at of 

12 days in camels and 3 days  in  sheep 
et  al., 1979). economic than sheep 

2), and 12 days without had 
the ml/kg0.83, about equal  to  what the 

sheep had days without it 
that in hot in fact 

capable of in 
and in the 

once 

The legendary camel and its adaptive 
mechanisms for water conservation 

The of is not itself  even  in  a 
hot so when  available 

to losses and 

to be limits to 
The minimum quantity of 

is dictated  by the 
the minimum  quantity of 

in is dictated by the amount of 
and and the kidney’s 

in 
(1 968b) stated <<The camel is a  class not only in having 
a low of but also in 
losses  by kidney gut soon is in 

intake,,. 

A. WATER CONTENT, DISTRIBUTION 

AND  TURNOVER 

The camel,  as  well  as 
about of 
animals in hot have total body 

than and the 
70% vs. 52% 1968a,b). This 

is of the difficulty of laying down fat and 
of of gut  contents, 

the it has  been 
that the (ECF) 

expands  by heat and is 
of of 

1968b; 1984) as it may  act  as  a 

Total body of camels in the hot 
of Ogaden,  Somalia, and at 72- 
74% of 
1974). 10 and the 

animals put on fat, only 52% of live  weight 
although the absolute content the 
same. 

The of of live  weight,  in 
camels and ,Table 5. 
between the two and not 

the (1984) the 
fully camel: 

Compartment % of live 
weight 

Total ...................... 65 
Fluids of the ............. 12 

..................... 34 
....................... 14 

.............................. 5 

rumen  volume 
2.8 

2.4 
N 

? 
O 
m 
Y 
\ - 
E 

m 
O 
- 2.0 

sheep 

1 1 1 1  1 1 I 

1 3  6 9 12 

days 

2. Changes in fluid volume associated 
sheep al., 1979). 

equations: 
1.  Camels: Y = 2.683 - O.O334(X) = 0.951**) 
2.  Sheep: Y = 2.675 - 0.1370(X) = 0.981**) 

is the amount of 
an animal in is the of 

loss the animal. When the dilution 
technique of and its 
biological  half-life estimated. (1968a) 
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indicated that as 
3). camels  used  less 

than half  as much as the cow and sheep 
used 50% 

used 
diluting  salt  in the 

cooling.  Finally, indicus cattle used  less 
than of these 

and 
(ml/kg/24 tended to unit 
body  mass (ml/kgo.V24 as shown in table 6. 

the of the camel  was  still  evident. 

Table 5 

4 3 2 1 

37.8  50.3 337  288 

10.0 12.0 . Gut . . . . . . . 
42.5 38.0 
18.8 20.1  13.9  14.5 
4.7  6.3  5.3 

66.1 
33.9 30.8  43.9 

1. (1964), 
2. et al. (1963), 
3. et al. (1956), 
4. (1979), 

1.0 

.- 

0.5 

o 
O 
h 

- 
0.1 I 1 l l I 

O 2 4 6 8 10 12 14 16 18 

days 

3. - -  

1968a). 

B. KIDNEY FUNCTION AND THE CONTROL OF 

URINE  FLOW 

in faeces and 
The is dictated  by the 
dissipation  as discussed the camel 
to have it 

body 
and by sweating  instead of panting both 

an 

Table. 6 

OF 

1 

2 Camel,  Somali 
Goat,  Somali 
Sheep,  Ogaden/Somali 

kg. 

565 
44 

332 

520 
40 
31 

197 

TBW 
% 

68 
54 
65 

70 
69 
68 
77 

- 

kg. 

33 
86 

102 

61 
96 

107 
135 

- 

- 

dl24 
kg82 

104 
168 
291 

188 
185 

347 

(1974) 

1. 
2. 

is  usually the avenue of 
in  animals. The kidneys of animals adapted to hot 

loops of 
cool and the of 

in the kidney  medulla the is the 
the 

and 
1959). The of the  thickness of the medulla to is 
a good index of the 

and 
These anatomical associated  with the kidney’s 
capacity to loss the and 
by of flow. 

Camel: 
saline 

Sheep: 
saline 

mlldaylkgo~s* 

10.5 
21.9 

23.5 
52.0 

9.8 1 
7.27 

6.32 
5.12 

Camels  and  sheep and abundance of long  loops of 
but loops and 

~ 

- 116 - 

CIHEAM - Options Mediterraneennes

Serie A: Seminaires mediterraneens



(1968b) claimed that the sheep’s kidney 
has to than that 
of the camel. 

in the in 
sheep, 3.1 osmoles in camels and 2.6 osmoles  in  cattle. 
concluded that is, 

the camel than 
in camels and 

dilute about 13000 ppm. total  salinity 
that of sheep 

of of 
and 

The kidney of the camel  would be expected to be 
to in the of At 

os 5 ml/lmin., the of 1 mU 
of into a 400 kg. camel,  equivalent 
to 2.5 uU/kg 0,06 uU/ml the flow 

, to 3 ml/min. to camels,  sheep 
and cattle and ten  times  as  much 

to give 
et  al, 1967). 

in 
and 1971). 

of the plasma,  up to 20 to 
100 to hot 

and of 
times than the 

and sodium to and this  is 
the of of 

by 1968b). 

way of is the of 
camels it is 

55-65 m1/100 kg/min. and it is to 15 m1/100 
10 days of sheep and 

cattle 90-150 m1/100 kg/min. and it 
falls in to 

to this  extent et  at., 
1968b) so that some mechanism is  involved, 

C. FAECAL WATER 

The amount of faeces  eliminated and content 
dependant on the type of  feed and its  digestibility?  i.  e. 

the output of the undigested When fed 
less in the 100 g. faecal 

than of 
between 109 and 268 g wated100 g  faecal 
NOT, 1960; 1964) as to 
566 /l00 g. cows. 

the 
canal but is  in the 

the of to the blood. 
(1968b) indicated that cattle 
80% in it, but 3 days without 

falls to about 65%. indicus cattle 
output by about 10% than on 

containing about 60% 
to 45% 5 Camels, 

on the hand, containing 38% 
10 days of Table 

and cattle in of 
(40 

C to weight  loss and some 
of and is 

sheep, 
and cattle at one end of the 
scale and at the the 
of the of adaptation and the 
conditions of hot 

Table 7 

OF 

(40 degrees C max. t.) 

40 C 
Weight loss, % day 

loss, % of wt.  lost 
Loss of plasma, % 

Osm. 
% 

12-15 
2.0 

85 
4.5 
3.1 

38 
202 

6-8 
4.5 

74 
8.0 
3.8 

45 
185 

3-4 
7.0 

66 
10.0 
2.6 

60 
170 

et al. 

D. TOLERANCE TO DEHYDRATION. 

WHERE WATER IS LOST FROM? 

hot take 
flocks ion 
conditions and 

up 
et al. (1956, 1961, 1963) with the effects of 

in camels, sheep and 
data on 20% body weight  loss  in 

these in to mean 
loss 

the 20% loss  of 
10 days in camels, to 5  days 

in sheep and 2 to 3 days  in  cattle  when the mean  maximum 
was  above 40 

2% in camels,  4-5% in sheep and 8% 
in  cattle.  Cattle and sheep  ceased to eat on the second 

of but camels continued up to 
the  fifth  day and beyond at mean  maximum 
above 40 at 

the loss  of 28-32% of body  weight in about 15 
days  in  camels,  7  days  in  sheep and 4  days in cattle. 

in cattle, about 30 ml/min., 
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and it to 5 ml/min. by the of 
sheep it was  initially  2 ml/min., fell to 1 

ml/min. by the on the 
sixth  day.  Camels, on the at the 

of 4-5 ml/min. but one 
day of to 2 
ml/min., and it was  maintained at of 1-2 ml/min. up 
to the the of 

of the onset of 
to be to its  capacity to 

Sheep and cattle to 
habitats the camel to some 
extent. The maximum of 
on the second day of 

to be 

Faecal than in  camels and 
of 

dry 
10-15  days,  sheep 45% and cattle 60% 3- 
4  days (table 7). 

45 t 

\ 
l 1 1 l 

2 3  6 8 10 12 

days  

4. loss to 
1968b). 

that the kidneys and colon of camels 
output and 

than in sheep, and sheep than  cattle. 

The most of the  animal's  capacity 
to is the of 

and that and 
and it was found to species. Table 8 

of the 
and sheep, and the the two 
animals the  camel  only  2.5-5.5% of 
the about that in 

13% of the 
both species  plasma the least to total 

loss. The 41% in  sheep and only 
the 

less the of the loss in 
15 to 35 than half 

in sheep, about 54%. On hand, and 
gut 6545% of the total the 
camel but only 46% in  sheep. 

The the volume of each  fluid 
was  also  evaluated.  Schmidt-Nielsen (1 964) 

showed that loss the 
and it was about 38%, as the 
had The smallest 

loss with less than 
10% The by (1963), 
on the hand,  indicated  that the 
loss in the and gut  fluids  which 

Loss  in the SCN space amounted to 
16% and that in  plasma  was  21%. sheep, on the 
hand et al., 1956), all 
and the losses 
than in the camel  amounting to 45% of the 
five  days without Only 28% of the and 
gut to sheep,  also 
upon the 

,1968b). 

Table 8 

OF 

kg. 
loss, kg. 

Source of lost, % of total: 
% of weight 

plasma 

SCN space 

of space lost: 
plasma 

SCN space 

(1) 

9 
337 
66 
19.6 

595 
9.7 
15.2 
31.1 
54.5 

20.6 
14.3 
15.6 
33.3 

c 

8 
288 
49 
17.0 

2.4 
32.2 
34.6 

(65.3) 

8.8 
37.8 
31.0 
24.2 

(3) 

5 
50.3 
11.8 
23.5 

12.7 
40.9 
53.6 

(46.4) 

45 
45 
45 
28 " 

(1) et al. (1963). 

et al. (1956). 
(2) 

of albumin  in  plasma 
1968b). The albumin in 
which is 
even and be 
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maintained  (Wilson, 1984). sheep (and cattle) 
was indicated to lose  up  to 45% of 

in camels  it  was  only 9-20% (Table  8). The albumin 
in camels than in cattle 

(Table g), and without in cattle and 10 
days in 17 and 54 
Total and As the 

became the camel 

Table 9 

EFFECT OF 
ON (g./lOO ml.) 

OF 

SPEClES 

Camels 

4.1 9.4 3 
3.5 7.3 O Cattle 
5.4 8.6 10 
3.5 5.0 O 

Source: (1968b). 

1.5 
3.2 
3.8 
5.3 

conclusion, the 
on one hand and cattle and sheep on in 

to 
heat and and 
mechanisms and the maintenance of 

Water  intake  and  excretion  in  relation  to 
some  dietary  factors  and  water  deprivation 

knowledge about the and 
feeding of to 
on the by  Newman  (1979), and suggestions 

the supplementation of and 
based on those of Leese (1927) and Acland  (1932). With 

to 
the past  decade  in  investigating 

some of the of the camel  especially 
to 

habitat and possibly  affecting  its  basic  adaptive  mechanisms 
outlined in the (e.g. 1976; 

et  al.,  1979; 1980; 1984; 
et al.,  1985; et 

al., 1985 a, 1985b; 1987). Some of these 
conditions the of 
density and of the content  in the 
as the season  advances, and the need to the 

of 
and to expand the 

The following  discussion  shall upon the 
effects  of type of diet,  level of intake and 

on intake and and 

to the subject in Tables 
10,l l  and 12 et  al., 1985 b). is to 

out 
with the animals  kept  in shaded pens and not, 

to be  investigated  in 

adopted, cattle 
applied to camels. the -effect  of type of 
diet (table 10)- both camels and 100 and 
125 of and 

and once 
daily. Two used 

of 1.8 and 2.6 containing 
93 and 45 on the second 

-effect  of level  of intake (table 11) 
-both  sheep and and 

diets  supplying 125 75 of 
and 100 of the 

and the  animals once daily 

3  (table  12)- both camels and sheep fed  a low 
all and 3 

the cent 
on basis. The 

amounts to satisfy 100 and 50 of the calculated 
and 

12 days  in  camels. 

The 10 and 11 indicated that 
of about 40 to 

60 less unit 

Table 10 

EFFECTS  OF  TYPE OF ON 

Animal species 
Type of diet 

" a l  

ml/kg 

Faecal o.82 

d / k g  o.82 

loss, ml/$ 

et  al.  (1985b), 

2.09 2.44 
27.30 31.30 
3.42 

~ 2.85 
2.03 1.46 

54.80 38.50 
66.60 51.40 
26.10 12.60 
17.90 10.40 
22.60 28.40 

1.75 2.49 
28.90 29.80 
4.05 3.49 
2.47 2.58 

108.10 83.40 
124.90 99.60 
36.70 15.80 
52.80 38.60 
35.40 45.20 
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intake unit body mass 0.82). Sheep 
needed in to intake when  fed 
diets  sufficient  in both and but 

intake as the in the diet 
and sheep  needed less 

the level of intake (table l l ) ,  and when 
they 

12 days in camels. 

Table 11 

ON 
EFFECTS OF 

Animal species 
of protein intake 

ml/kg o.82 

o.82 

d / k g  o.82 

al. (1985b). 

2.50 2.20 
32.50 21.80 
2.60 1.30 
2.16 1.38 

57.70 28.00 
71.00 37.00 
12.70 9.70 
7.30 7.00 

51.00 20.30 

2.30 1.90 
26.50 23.50 
2.71 1.51 
2.39 1.62 

90.30 53.90 
04.80 66.80 
14.40 11.40 
39.90 19.90 
50.50 35.50 

Table 12 

EFFECTS OF 
ON 

A 

Animal species 
Watering  frequency (days) 

intake,  g 

ml/$ 
ml/kg0.82 

ml/kpgZ 

et al. (1985b). 
.. . 

1 3 1 12 

2.00 1.88 1.96 1.98 
17.90  15.60  17.50 23.60 
0.38 0.94 

31.60 34.90 25.70 22.20 
47.30 46.90 12.30 11,60 
21.10 17.10 23.20 10.10 

100.00 98.90 61.20 43.90 
90.00 85.20 52.60 36.30 
4.24 2.38 2.29 1.68 
1.42 1.91 

unit body mass,  camels  consistently  lost 

less faeces and than sheep  when  fed  diets 
in in content, 

less  in  magnitude  when  fed the low 
diet, i.e. the in 

of losses in camels 
less than equal to output. sheep, on 

the hand, it was two to times  as much as  faecal 
of 10 and 

faecal and in both 
the of the and as the 

level of intake of the 
effects of on intake pointed out 

the of the camel . 
12). 

attained the of 
to about 44 and of the 

of in camels and sheep, 
on the hand, 
in 

of output takes  place at two 
sites, the and the to 

to balance, at the losses 
plasma and the 
tion. 

conclusion, the that the 
camel is adapted animal than sheep to 
conditions  being economic in its  needs and 
in  its use  of of (and 
physiological) With the advent of the season, 
the of the camel's  diet in its habitat 

both intake and 
to and one would 

expect the camel to be at is 
the of the 

content of the camels 
and 

addition, both and 
content intake, the metabolic 
heat load and the animal's 

this  situation, the animal is 
also, and possibly 

the efficiency  of utilization of both 
and 

The minerals  problems, 
with  emphasis  on  water  salinity 

Only is available on the subject, and 
the depend 
on two 

and (1981) and (1984). 
known to and 

the halophytes,  especially the fleshy 
with and low 

contenkand have the advantage of . .. 

the up to 
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of the total diet  selected and consumed  by the 
camel. Some of the 

and The list  also  include  Anabasis, 

da, and 

The need of known to nomadic 
and the so called  <<salt 

visits to known wells 
to places  with  salt to 

dominant halophytic plant associations. Tunisia 
in 

to 8 9 months and depending on 
containing 3500 ppm total salinity. The of the 

spent in and the 
contains 500 ppm total salinity. 

salt 
and well, 

into visited 
on to the 

and to collect the 
be to the camels (about 2 kg 

15 to 20 days). Tebesti, Chad, on the 
hand, camels taken to just 

and just the season.  Camels  would  then 
feed on halophytes, and the is made 
use  of. 

Salt supplementation  has  also  been known 
that in south of the 

salt was sometimes gold  weight weight 
in the camel of salt 
weighing 30 to 35 kg and one the 
camel. The is a of 

not only 
sodium but also and elements  as 
well. Although  this  may not be as 

on successful 
in zones. 

the of 
in camels (1984),  based on blood analysis,  stated 

is little  to show that and vitamin 
in of 

animals. ... feeding will 
adequate levels of and 
known deficiencies imbalances he also 
stated that <<The salt by  camels, 

between 6 to 8 times  those 

the two statements, and the 
we  believe the 

statement is the at least with 
to 

of excesses  in  camels 
in its habitat did not due yet. 

known to sodium 
to the imbalance of the  calcium/phos- 

is a  well known 
of sodium  deficiency and it of 

sodium supplements, up to 140 g./day.  A 
affecting  camels is beleived to 
salt addition, also 

man if salt  lost  in  sweat is not 
addition to the disease 

known as imbalanced 
This is  of since  some of the most 

and to the 
and 

of 11:l plants  such  as  saltbush 
and legumes somewhat balanced  with  a 5:l 

and 
of salt allowances 

30 and 60 
camel 

120 g. salt  daily  when 
allowance of 140 g./day  was found to 

cases of and lameness in the 

The salinity of the subject to 
As of the salt. 

is the visits to known wells  with  salty 
(1972, c. f. 1984) 

that  camels can 
intake, but also 

intake and the 

Table 13 

EFFECTS OF 

ON 

TAP 

of animals 
319 nitial  weight,  kg 

3 

250 Ueight  change,  g./day 

ml./kg o.82 

2.52 ml./g. 
92 

?aeCal d.kg 25 
ml.& o.82 

% 
55 )M intake,  g./kg 

32 

64.5 
53.9 

68.9 
48.0 
64.2 

31.1 
intake, g./$ 3.70 

et  al. (1985). 

1.0% 
NaCl 

3 
340 
286 

153 

28 
56 
60 

64.5 
54.7 
66.3 
48.0 
66.8 
33.9 

3.88 

4.10 

- 
1.5% 
NaCl 

3 
321 
286 

159 
4.34 

34 
68 
55 

58.9 
52.8 
64.0 
48.1 
58.8 
29.2 
3.66 

- 
2.0% 
NaCl 
- 

3 
324 
262 

119 

24 
51 
52 

3.43 

58.4 
52.6 
62.5 
48.5 
58.6 
27.4 
3.46 

- 
+S.E. 

17.01 
9.34 

9.58 
0.24 
1.30 
4.58 
0.83 

0.89 
0.34 
0.50 
0.20 
1.51 
0.77 
0.07 
- 
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on and effects still 
wanting. et  al., 1985) out a 
study to investigate the effects  of with 

on feed  utilization 
and and 13 and 14). 

Twelve to 
tap 1.0, 1.5 2.0 

solutions  in the tap 
ad libitum of the 

which  lasted 120 days. At the end,  a  six-day  digestion and 
balance out and blood 
sodium and the Live 
body 

Table 14 
EFFECTS OF 

ON 

intake 
faecal 

balance 
Sodium,  g/day 

intake 
faecal 

balance 

intake 
faecal 

balance 

sodium 
potassium 

g/day 

Senun levels,  mg/lOO 

- 
TAP 

VATEE - 

1099 
507 
428 
164 

21.6 
3.7( 

25.6 
2.3b 

16.6 
1.74 

13.1 
1.67 

320 
15.2 
- 

~ 

1.0% 
NaCl 
- 

1196 
540 
498 
158 

101.2 
3.8 

94.4 
2.94 

19.3 
2.47 

14.9 
1.96 

335 
15.5 
- 

1.5% 
NaCl 

1109 
524 
439 
146 

136.6 
3.9; 

128.0 
4.71 

17.6 
2.63 

13.2 
1.81 

363 
15.4 

~ 

2.0% 
NaCl 
- 

1052 
499 
415 
138 

139.3 
4.4( 

128.9 
5.94 

16.8 
2.55 

12.1 
2.13 

422 
14.9 

~ 

~ 

+S.E. 

- 

16.20 
6.23 

20.33 
4.47 

14.50 
0.13 

14.16 
0.67 

0.30 
0.1 1 
0.33 
0.14 

12.44 
0.08 

~ 

the 1.0 salt and 

The that 1.0 
(Total sodium intake 101.2 g. Na/day, 

equivalent to 257 g. NaCl/day) was  beneficial to camels  fed 
of Wilson’s (1984) state- 

ment quoted above. Total intake of the 
camels amounted to 55 g. NaCal/day, within  the 

30-60 g. NaCl of but 
it  was  not adequate. The that the 

to sodium in the lies 
between 1.0 and 1.5 to that of 
sheep at 13000 ppm. On the hand, the 2.0 

ted all 

the 
and and possibly 

al. (1958) found that output 
in to 

into the effects  of 
and the intake on 

and physiological  aspects of camels and sheep is 
of the effects  of 

salinity, 13500 ppm. on and kidney 
in animals adequate 

intake in Table 15 Shawket and 

Table 15 

EFFECTS OF 

et al.  (1985). 

was  noted that 1.0 in the 

intake and did not affect 
digestibilities. The intake slightly and intake 

the 1.0 
salt solution. 
the salt but 
the effect of the 1.0 solution was not significant. 

the 
to 1.5 but at the 2.0 
Sodium 

30 and 17 
at the 1.0 in 

intake, 

intake, ml/kg OS2 

O a 2  

O B *  

solids, 

mmlwJka1 

mVkg O,’ 

intake,  mg/kg Od5 

N-balance,  mg/kg 
simple 

- 
58.90 
13.90 
10.50 
9.81 
0.63 

61.20 
25.80 
0.41 

17.64 
10.16 
7.49 

338 

t 3 0  
$48 
- 

- 
77.60 
21.30 
21.90 
7.27 
1.26 

135.00 
24.90 
0.20 

31.26 
25.38 
5.88 

347 

t 3  1 
-5 

- 

82.20 
8.40 

23.50 
6.32 
1 .O3 

93.60 
19.90 
0.21 

34.68 
27.42 
7.27 

461 

-28 
-46 

107.80 
11.10 
52.00 
5.12 
2.20 

149.40 
40.40 
0.27 

47.10 
34.38 
12.72 

499 

-40 
-76 
I 

:I S.E. 

3-09 
0.64 
3.87 
0.40 
0.09 

10.66 
5.74 
0.042 

3.17 
2.47 
1.81 

13.8 

3.81 
5.10 
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intake about one- 
both species, but camels  consumed on the 

40 less than sheep. Faecal and 
in both species  when  given the saline 

and 
less 
metabolic  size doubled in both species and the 

on 
the hand, was not affected in camels, 
but it 

in both camels and sheep 
possibly  because of blood the 
kidneys and the 5 1 and 
66 as and saline 

camels than  in  sheep and, 
was not much  affected  in  camels but in 
the sheep. 

both species 
' when the saline was  used, but 

consistently in a state than 

intake became positive  in  camels 
and it that the 
effect  of on 
mainly digestion and not on the 

.kidneys not affected, the 
not exceed 

and is opposit  to the 
the 

kidneys and not the digestive  capacity. We awaiting the 
the effects  of the 

animals suboptimal intake, down to 40 
of 

the kidneys to 
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