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Preface

In a recent publication from this In-
stitute (SHEEP IN RAJASTHAN by
Sen et al., CAZRI Monograph series,
No. 14, 1981), the pre-eminence of the
sheep sector in Rajasthan’s economy has
been stressed with the help of the avail-
able census and production data. An in-
teresting feature of this earlier study has
been the finding that sheep population,
as a percentage of the total livestock po-
pulation, is higher in the arid western
districts than in other parts of the state.
In fact, the five most arid districts, viz.
Jaisalmer, Barmer, Bikaner, Churu and
Jodhpur together produce as much as
about 35 per cent of the total wool pro-
duced in the state. This is inspite of the
low genetic and physiological production
efficiency levels of the desert-adapted
breeds. The nearly 45 million kg of wool,
110 million kg of meat and 20 million
pieces of skin that are contributed an-
nually by the 5.3 million strong sheep
population of the arid belt of Rajasthan
reflect the desert sheep’s ability to sur-
vive, and produce, under the harsh eco-
logical conditions of its habitat. The two
principal hazards that these, and other,
free‘fanging desert animals encounter
are Intense solar radiation and lack of
sufficient drinking water, the latter often
escalating the impact of the former and,
together these hazards strain the physio-

logical limits of the animals’ stamina to
the maximum.

This, then, is the situation in which
the sheep sector in the Rajasthan desert
operates. A study of water in the eco-
physiology of desert sheep should, there-
fore, be obviously relevant to an overall
assessment of the net productivity of the
desert biome. The paradox lies in the
fact, however, that while water is admit-
tedly the most crucial limiting factor for
both plant growth and animal produc-
tion, the efficiency of water use by shecp
for wool production is rather poor (less
than 1% ). Obviously, one way of in-
creasing the productivity of the sheep
sector would be to search for, and pro-
pagate, animals and breeds of superior
water use efficiency ratings. The story
of this search, made at CAZRI for the
last several years, has been recounted in
the following pages. The account does
not, however, include CAZRI’s consi-
derable store of new information on the
role of available water in the physiolo-
gical processes of reproduction, nutri-
tion, salinity tolerance and energy meta-
bolism of different sheep breeds examin-
ed. We hope to publish these informa-
tions in future monographs.

In our attempt to project CAZRTs
sustained efforts for establishing a phy-
siological hierarchy for desert-worthiness



among the sheep breeds of Rajasthan,
and for quantifying the actual water
needs of these animals, we have been
deeply inspired by the constant encou-
ragement and generous material help
given by our Director, Dr. H. S. Mann.
We would wish to take this opportunity
to pay our respectful tribute to Dr. Mann
for his massive support to animal re-
search at CAZRT.

Next to Dr. Mann, Prof. W. V. Mac-
farlane, former Head, Dept. of Animal

Division of Animal Studies,
Central Arid Zone Research Institute,
Jodhpur, December 1981.

Physiology, The Waite Agricultural Re-
search Institute, Adelaide, Australia, has
been our most ardent supporter and
mentor. Our sincere thanks go to him.

All our colleagues in the Division of
Animal Studies have helped us in one
way or another. Shri A, K. Sen, Carto-
grapher, and Shri B. L. Tak, Photo-
grapher in this Institute have rendered
much valuable advice and assistance in

the preparation of this monograph. We

thank them all,

P. K. GuosH
R. K. ABICHANDANI
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Introduction

Sheep may be one of the first rumin-
ants domesticated by man. It undoubt-
edly served early man with its wool,
meat, milk and pelt. Rarely in the his-
tory of any religion or race we do not
find a mention of sheep.

The desertic western part of Rajasthan
which covers an area of approximately
1,80,060 square kilometres in north-west
India, lying between 24° N and 30.5° N
latitude and 70° E and 76.2° E longitude,
is characterised by very high day temper-
ature, particularly during the summer,
and cool nights with the temperature fre-
quently going below the freezing point in
winter. The wind velocity is often as high
as 110 km/hr. The rainfall is low and
erratic. The average annual rainfall is
about 350 mm and there are frequent
spells of droughts. Most of the annual
precipitation occurs during the July-
September monsoon season, Drought
recurs almost regularly every third year.
When the monsoon fails, the water table
usually goes down to a great depth. The
underground water is of a limited quan-
tity and is often saline.

Chronic, and at times acute scarcity

of drinking water is the most crucial
limiting factor for the survival of live-
stock in the arid and semi-arid tracts of
western Rajasthan. Although a good
number of stock - owners try to save their
flocks by adopting transhumance during
critical periods, the majority of the ani-
mals in the area are left to depend on
their physiological adaptability to with-
stand body water deficit. The con-
tinuity of the breeds till today is
obviously a resultant of the forces
of natural selection. However, it is
very likely that the different breeds
have evolved physiological adaptive me-
chanisms of different efficiency levels, for
example, in the lowering of the threshold
of their satiety levels or in their ability
to withstand haemoconcentration during
spells of prolonged drought. Any attempt
at a physiological ranking of the breeds
with respect to their desert-worthiness
would call for information regarding the
relative merits of the different breeds in
respect of their tolerance for sub-lethal
degrees of water deprivation consistent
with normal physiological functioning.



Sheep in the Rajasthan desert

Sheep population

The sheep population of the 11 arid
and semi-arid districts of western Raja-
sthan is 6.7 million (1977 census) which
yields about 40% of the total wool pro-
duced in India. There are 8 distinct
breeds of sheep in Rajasthan, namely
Marwari, Chokla, Pugal, Magra, Jaisal-
meri, Nali, Malpura and Sonadi. The
quality of wool from these breeds varies
from coarse to medium and is generally
considered as superior carpet wool (Map).

Ecological aspects

The land-animal-plant relationship has
existed for centuries in this tract at the
subsistence level and this is gradually in-
tended to be raised for improvement of
the standard of living of - the farming
community in' this area.

While there can be mno doubt that
water is the most important factor for
life in the deserf, it is quite surprising
that here an ecological balance between
the animal and the local flora has been
struck in such a remarkable manner that
the livestock have not only managed to
survive but have also flourished. A
study (Taneja, 1966) made at this In-
stitute has shown that during summer

when water is in very short supply, sheep
instinctively go out in search of succulent
feeds and, in particular, the pods of Pro-
sopis cineraria (Khejri) tree which has
a water content of as much as 68 per
cent. This study indicated that the ani-
mals will be able to live without free
water for the entire summer wherever
Prosopis cineraria trees are in abun-
dance.

Grazing

The sheep flocks in the Rajasthan de-
sert normally graze natural pastures.
During the monsoon in normal years
there is lush growth of both annual as
well as perennial grass and legume spe-
cies providing abundant green feed to
the animals. After the monsoon, the
sheep are grazed on the stubbles of the
harvested crops. The most common gras-
ses of this desert are Sewan (Lasiurus
sindicus), Kala dhaman (Cenchrus set-
igerus), Bhurat (Cenchrus catharticus),
Anjan (Cenchrus ciliaris), Karad (Di-
canthium annulatum), Murat (Panicum
turgidum), Aristida funiculata, and Eleu-
sine compressa. However, the grass pro-
duction is never enough and the climate
is too harsh. As a consequence, the ani-
mals’ physiological adaptive mechanisms
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are taxed to the extreme for mere survi-
val. ‘

Migration and water intake

During prolonged spells of drought,
livestock migrate to adjoining areas from
western Rajasthan in search of both food

and water. In years of moderate water
availability the animals are not migrated
but the ration of water made available to
them is limited, and when the animals
have to walk over long distances to the
watering holes, they are usually watered
at intervals of 3 days. This practice has
been followed here since time immemo-
rial.



Physiological effects of limited

water intake

A series of studies have been conduct-
ed at CAZRI with a view to obtain quan-
titative information on the ecological and
physiological aspects of water use eco-
nomy in desert sheep. Some of the salient
features of these studies have been dis-
cussed in this monograph.

In Marwari sheep, a partial correla-
tion between water intake and air tem-
perature was found to be highly signi-
ficant indicating that when absolute hu-
midity was held constant, the increase
in air temperature increased water in-
take (Taneja and Abichandani, 1967a).

Studies conducted on grazing adult
(about 2-year old) Marwari and Magra
sheep (Rams and ‘ewes) at Pali (25°
50'N; 73°15’E) — situated about 75 km
to the SE of Jodhpur — from Sep-
tember 1974 to May 1975 (first experi-
mental period) and again from January
1976 to June 1976 (second experiment-
al pericd) indicate that watering twice
weekly (intermittent) on two fixed days,
2 and 3 days apart, does not impair the
health and productivity of these breeds
(Abichandani, 1981). The climatic data
pertaining to the two study periods have
been rresented in Figs. 1 and 2 respec-
tively. The intermittently watered animals
of both the breeds consumed less than

half the quantity of water consumed by
the daily watered animals during these
pericds and by resorting to such a (i.e.
twice/week) watering schedule, about
200 animals can be maintained on the
water ration-required by 100 sheep when
watered daily. Saving of drinking water
to the tune of 50 to 85 litres per sheep
per month has been found achievable by
watering the animals twice every week
instead of daily (Tables 1 and 2; Figs.
3, 4, 5 and 6). Intermittently watered
Magra and Marwari lambs (4-5 months
old, born to twice-weekly watered par-
ents) also consumed less water and a
net saving of 25-30 litres per month per
Jamb could be achieved by resorting to
twice-weekly watering schedule instead
of daily watering. Around 9-12 months
old Magra ewes, when watered twice a
week consumed about 62 per cent of the
amount of water consumed by daily
watered animals (Table 3) (Abichan-
dani, 1981). The water intake on unit
body weight basis by the water restricted

group, as per cent of the quantity con-.

sumed by the daily watered group, dur-
ing the first 1'/» months (first 3 fort-

nights) was comparatively more (80-94

per cent) in comparison to the subse-
quent fortnightly. water intakes (51-70

|
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per cent). It would seem that the water
restricted animals are not able to adapt
to a twice weekly watering schedule im-
mediately, and hence, a comparatively
higher water intake in the initial stages
of the experiment. No significant treat-
ment effect on body weight was record-
ed. Water restriction also had no effect
on wool production and lambing perfor-
mance of the animals. The daily water-
ing of sheep would, therefore, appear to
be a dispensable practice, at least in the
management of desert adapted breeds.
Taneja (1965) working on Marwari
wethers also concluded that 169 animals
can be maintained on the water ration
required for 100 animals if the watering
is done on every third day and that, this
practice allows the animals to maintain
near-normal respiration rate and body
temperature. He further added that it
would not be safe to ‘water the animals
less frequently than on every third
day.

Maloiy and Taylor (1971) observed
that in haired sheep from the arid North-
ern Frontier Region of Kenya, the daily
water consumption was of the order of
8 per cent of the body weight when
water was available freely while this was
reduced to about half (or 4 per cent of
the body weight per day) when the water
intake was restricted. Earlier, Clark and

Table 4. Water intake in South African sheep

Quin (1949), working during the late
spring in South Africa with moderate
air temperatures ranging upto 36°C,
had observed that withholding of water
from sheep would seem to have a sparing
efiect on expenditure (Table 4). They
suggested that a dehydrated sheep may
be able to reduce its water expenditure,
although they gave no hint of the mech-
anism involved. According to Maloiy and
Taylor (1971), evaporation is the major
source of water loss in sheep. In their
study, it was reduced from 6 per cent of
body weight per day to about 3 per cent
when water was restricted under hot,
dry conditions.

Quantitative information on the effect
of water restriction on faecal water out-
put in ruminant animals is very limited,
although it has generally been observed
that during dehydration the faecal mois-
ture content is greatly reduced. Purohit
et al. (1974) working on Marwari and
cross-bred (Russian Merino X Marwari,
Fy generation) observed that on 50%
water restriction, significant decreases
(P<0.01) in urine volume, faecal water
content, and in the Transfer Function of
Kidney (TFK) occurred, while urinary
electrolyte concentration increased sig-
nificantly (P<0.01). When water res-
tricted animals were offered water ad
lib., the urine volume was recovered on

Average water
intake per day

Control sheep,
daily watering

Water every 2 days
3 days
4 days

1.8 1.8
L5 2.4
1.5 2.4

(From Clark and Quin, 1949).

11



the next day. The reduction in urine vo-
lume and faecal water content during
water restriction in these sheep breeds
was apparently an adaptive mechanism
to conserve body water for the mainten-
ance of water balance (Purohit et al,,
1974). Several others have reported
reduction in urine volume and faecal
water during water restriction in
sheep (Macfarlane et al., 1956; Yesberg
et al., 1970; Warner, 1971; Wilson,
1970). Yesberg et al. (1970) observed
that in Australian Merino sheep, the urine
volume remained unchanged on rehydra-
tion after prolonged deprivation of water
because of an increase in anti-diuretic
hormonal activity in the blood. Purohit
et al. (1974) were of the view that dur-
ing short term water deprivation, the
anti-diuretic hormonal activity of the
blood of the water restricted animals may
not increase upto an extent which can
affect urine volume. "
Purohit et al. (1972) working on Mar-
wari rams observed that the water de-
prived sheep lost 17.8% of body weight
in 3 days, an average loss of 6% per
day. In Macfarlane’s studies, Shorthorn
cattle lost weight at about 8% per day in
summer, Merinos at 4-5% per day, and

12

camels at less than 2% per day. This
would put the Marwari sheep in a cate-
gory between the Merino and the Short-
horn cattle -a position occupied by
horses and donkeys. However, no com-
parison of resistance to dehydration is
possible because pastoral and climatic
conditions were not the same in all cases.

In field experiments carried out by
Macfarlane’s group in the hot arid re-
gions of central Queensland, sheep were
deprived of drinking water for 5 days.
As they stood in the summer sun they
were given full rations of feed, so the
additional strain of walking around to
seek the food was absent. In these sheep
the average body weight decreased from
30.3 kg to 38.4 kg, a loss of 23 per cent
(Macfarlane et al., 1956).

Purohit ef al. (1972) have also report-
ed on the Marwari animal’s ability to
withstand a dehydration loss of 18% in
body weight and to conserve its extracel-
lular fluid volume relatively efficiently
during water stress. As stated earlier,
Abichandani (1981) observed that both
the Marwari and Magra sheep are able
to face prolonged sub-lethal water re-
striction with equal felicity.



Effect of water restriction on

body weight

Purohit (1972) reported that on com-
plete water deprivation for 3 days dur-
ing summer there was an average loss
of 2091%, 25.40%, 28.84% and
25.48% in body weight in the Marwari,
Russian Merino X Marwari, Pugal and
Chokla breed, respectively. In winter,
the body weight losses were of the order
of 16.13%, 21.99%, 16.00% and
16.80% in these breeds, respectively. The
Marwari was more tolerant of water re-
striction than any other breed. The
Pugal was the least tolerant of all the
breeds in this respect.

In general, Purohit’s (1972) findings
are in close agreement with the results
obtained by earlier workers (Macfarlane
et al.,, 1956, 1961; Taneja. 1965, 1966).
These authors have found that the loss
in body weight in sheep is related to the
degree of dehydration.

Taneja (1965) investigated the effect
of watering at different intervals, viz.
watered daily (normal) and on second,
third and fourth day, on rectal tempera-
ture, respiration rate and body weight
loss of 2-year old wethers of the Mar-
wari breed. Rectal temperature was
higher in the dehydrated animals than in
the hydrated ones and its effect was more
pronounced with increasing dehydration.

The weight loss in the animals waterec
on every second, third and fourth dajy
was 5.5, 9.3 and 12.3 per cent, respec:
tively. The environmental temperature
during the experimental period (12 days)
saaried from 74° to 88° F.

Taneja (1966) also examined the
effect of restricted watering, i.e. watered
once daily and in amounts representing
%, %, 4,  and Y/ of that given ad libi-
tum once for 4 days, on the body tem-
perature, respiratory rate, pulse rate,
body weight, packed cell volume and
specific gravity of blood, in 7-8 year old
wethers of Marwari sheep; the effect of
complete deprivation of water for 4 days
was also studied. The loss in body weight
was proportional to the degree of water
restriction and significant losses occurred
only in the animals receiving half or less
than half of the quantity of water con-
sumed by the daily watered animals.
Recovery (50 per cent) in weight was
obtained if water was provided at the
end of the restriction period. The loss
in body weight was significantly correlat-
ed with the rise in body temperature. A
similar correlation, though not significant,
was observed in respect of respiration
rate. The differences in the mean packed
cell volume, estimated before and after
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the watering treatments, gradually in-
creased with increasing degree of water
restriction, but these differences were
significant only when the animals received
% or less of the amount of water
given ad libitum. The values for speci-
fic gravity of plasma showed almost si-
milar trends as packed cell volume.
Purohit et al. (1972) working on
Marwari sheep observed that the most
conspicuous change in fluid distribution
in the animals when deprived of water
for 3 days was the decrease in plasma
volume which was reduced to almost
half (43%) and the extracellular fluid
volume by 33% of its initial value. This
is similar to the 45% decrease in plasma
volume of the Australian Merino during
dehydration loss of 25% in body weight
(Macfarlane et al., 1956). A similar
response has been observed in the guan-
aco (Lama guanicoe Muller) - a near re-
lative of the camel (Rosenmann and
Morrison, 1963), although the camel
itself (Schmidt-Nielsen er al., 1956)
and the burrow (Equus asinus) (Yousef
et al., 1970) are known to resist any
precipitous fall in plasma volume dur-
ing dehydration. Macfarlane (1964a)
had concluded that the sheep draws ap-
proximately half of the water used for

* urine formation and evaporative cooling:

from the éxtracellular space and the rest
comes from gut and cell wall. Purohit’s
(1972) findings on the Marwari sheep
tend to support this view. He observed
that in Marwari sheep, as in the Merino,
there is, apparently, no mechanism for
sparing of the circulatory fluid during de-
hydration. Unlike Macfarlane’s Merinos
which had identical percentage reduc-
tion in plasma and ECF volumes at the
end of the S5-day experimental period
during summer (Macfarlane et al,
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1956), the Marwari, examined by Puro-
hit during winter, tended to conserve
its ECF volume somewhat more
efficiently, their being a reduction in
SCN space by only 33%. This fact may
have some significance from the point of
view of desert living, as, a slower loss
of ECF would mean a slower change in
the water status of the gut (Purohit ef al.,
1972). It would appear that derange-
ment of the water distribution pattern in
the body of the Marwari animal occurs
only at a level between % and % water
restriction. It can, therefore, be taken
that the Marwari animal will not suffer
any undue stress, at least in winter, if it
is deprived of upto # its voluntary water
intake for a short period, but, these
animals would be unlikely to thrive at a
watering level below 75% (Purohit
et al., 1972). These findings clearly point
to an unusual ability of these animals
to maintain circulation even when faced
with considerable haemoconcentration.

Purohit et al. (1972) concluded that
Marwari animals are able to withstand a
dehydration loss of 18% in body weight
and they are reasonably well adapted
to dehydration. They do not, however,
scem to possess the ability to maintain
an expanded plasma volume against ge-
neral dehydration - a significant defici-
‘ency from the point of view of desert
adavotation.

In Abichandani’s (1981) experiment.
both the experimental and control groups
of Magra and Marwari breeds registered
increases in their body weights during the
first experimental period; however, the
increase was somewhat more in the water
restricted groups (Fig. 7). Since body
weight gain js considered as an index of
overall well being of an animal, the in-
termittently watered shéep may be said
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Fig. 7. Fortnightly body weights of water restricted (watering twice a week) and
daily watered sheep of Magra and Marwari breeds.

to have been doing reasonably well. The
observed increase in the body weights of
the intermittently watered animals may
be due to:

(2) a slower rate of passage of the
feed through the gut (Purohit, 1972),
and (b) an increase in the digestibility
of crude fibres (Purohit et al., 1976).
The additional energy derived from a
better utilisation of the crude fibre com-
ponent of the feed is likely to be respon-
sible for the relatively higher body
growth increment shown by the water
restricted animals. In a non-ruminant
species, the Somali donkey, Maloiy
(1970) also noticed a similar increase
In the apparent digestibility of dry matter
when the animals were subjected to heat
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stress and dehydration.

Water restriction of dams and sires had
no effect on either the birth weight or
the growth rate of the lambs born to
them in both Marwari and Magra breeds
(Fig. 8) (Abichandani, 1981). The in-
crease in the body weight of animals dur-
ing the first experimental period (Sep-
tember 1974 to May 1975) and a de-
crease during the second experimental
period (January 1976 to June 1976)
(Fig. 7) would seem somewhat intrigu-
ing, particularly in view of the possible
physiological explanation for the former
observation indicated earlier. Tt needs
mentioning here that ecological condi-
tions were markedly different in the two
experimental periods, with attendant



o= TWICE WEEKLY WATERED

% e~ DAILY WATEREQ

{ kg )

BODY WEIGHT

o - T
01 2 34 5 6 7 8 910 ) 5 6 8 9
i AGE (MONTHS) .
Fig. 8. Growth rate of Marwari and Magra lambs born to twice weekly watered

and daily watered parents.

v y—
-
L

~

. ~--— WATER RESTRICTED

MAGRA e— DAILY WATERED MAERWARI
481
ae
-~ 42

-]
Z 40

-
3 34+
: 36 1
% 344
o 324
W 30

i
g 20+
= zs{

Sz 4 G b o2 e e 022425 0 2 4 68 102K 182022225
JAN, JUNE SEP OEC JAN. wWUNE SEP, OEC
1976 1976

F O R T N t G H T S8
- Fig. 9. Effect of intermittent watering (watering twice a week) on body weight

in Magra and Marwari sheep over a period of one year.

v

16



variations in the availability and digesti-
bility of the forages. The general dec-
rease in the body weight of the animals
from the peak in December-January to
the first week of May is a reflection of a
slow decline in the nutritive status of the
forage. The gradual increase in body
weight from September to December is
clearly an effect of grazing on an abund-
ant and lush monsoonal pasture. The ap-
parent paradox of a relatively heavier
body weight at the peak of summer, i.e.
in May, than in the peak of monsoon,
i.e. in September (Fig. 9), can be ex-
plained by observing that the grasses at
the earlier intensive stages of the mon-
soon usually contains a considerable
amount of water and, consequently, dry

matter intake by grazing animals is rc-
latively less during that period. This re-
sults in reduced energy intake and, as
a result, the body weight decreases.
Thus, while the body weights of the ani-
mals in the beginning of May are under-
standably lower than in January, they
are still comparatively higher than those
in September. Presumably, the animals
gain in body weight from October till the
end of January and then the body weight
starts declining till it reaches the trough
of the curve by the end of September.
Lynch et al. (1972) had observed a
significant reduction in the birth weight
of the lambs of Merino ewes maintained
without drinking water for 12 months.
In the CAZRI studies, restriction of

Table 5. Wool yield (kg/100 kg body weight), mean + S. E. of daily and intermittently

(twice a week) watered desert sheep

Breed Sex Wool clip Watering treatments Difference
Iotermittent Daily between
N ~ Wool yield N Woolyield treatments
Magra Ram March 1975 2 3.07 £ 0.14 2 4.10 = 0.05 i
Oct. 1975 2 3,78 £ 0.12 2 429 + 0.27 *
March 1976 2 1.99 + 0.03 2 2.44 £ 0.16 *
Oct. 1976 1 1.66 1 2.17
Marwari Ram March 1975 2 2,43 £ 0.29 2 2.46 + 039 N.S.
Oct. 1975 2 2.75 = 0.05 2 3.05 £ 0.65 N.S.
March 1976 2 1.88 = 0.19 2 1.91 = 0.29 N.S.
Oct. 1976 2 1.59 = 0.03 2 1.66 = 0.19 N.S.
Magra Ewe March 1975 8 2.32 £ 0.19 7 1.98 £ 0.12 N.S.
Oct. 1975 8 3.85 = 0.42 7 3.63 = 0.21 N.S.
March 1976 8 1.97 = 0.18 6 2.14 = 0.09 N.S.
Oct. 1976 4 1.45 = 0.27 5 2.02 = 0.09 N.S.
Marwari Ewe March 1975 5 1.88 = 0.12 5 1.77 £ 0.25 N.S.
Oct. 1975 5 2.06 = 0.14 5 1.63 = 0.18 *hE
March 1976 5 1.28 = 0.19 5 1.28 £ 0.13 N.S.
Qct. 1976 3 1.18 = 0.42 3 1.51 £ 0.46 N.S.

N : Number of animals

*** . Significant at 0.1% level of probability
** : Significant at 1% level of probability
# . Significant at 5% level of probabitity
N.S : Not significant



water intake over a prolonged period
has failed to produce any such effect.
In a 2-year study conducted at Armi-
dale, Lynch (1969) had observed that
water deprived Merinos performed at-
least as well as control sheep in both
wool growth per head and mean body
weight. In a later experiment Lynch et al.
(1972) found that depriving breeding
Merino ewes of drinking water had little
effect on their wool production. In the
CAZRI study (Abichandant, 1981) al-
so, prolonged water restriction does mnot
seem to have affected the wool growing
potentiality of the animals of the two
breeds examined. Water restriction had
no adverse effect on the wool yield on
unit body weight basis in both the sum-
mer as well as in the autumn clip (Table

5). The mean wool yields (kg/100 kg
body weight = S. E.) of the water res-
tricted and daily watered groups of 9-12
month old Magra ewes for the summer
clip were 2.21 *0.13 and 2.12 = 0.12,
and the values for the autumn clip were
240%0.12 and 2.72 £0.17, respec-
tively (Table 3). The difference in wool
yield between the 2 groups was not statis-
tically significant in either clip.

Thus, the CAZRD’s findings (Abi-
chandani, 1981) indicate that not only
considerable water saving may be achi-
eved by resorting to a twice weekly wa-
tering schedule instead of watering the
sheep daily over a prolonged period, this
watering practice will also maintain ani-
mal production in terms of body welght
and woo) growth.



Seasonal variation in normal

water intake

A study on seasonal variation in nor-
mal water intake by different indigenous
and cross-bred sheep [Marwari, Chokla,
Pugal and Russian Merino X Marwari
(F: generation)] was conducted in two
seasons, viz. summer and winter (Puro-
hit er al., 1975). It was observed that
water intake in all the breeds was higher
in summer (double) than in winter, and
the differences between seasons were
highly significant (P<0.001),

A study on the effect of 24 h water
deprivation on body weight loss and rec-
tal temperature in 5 indigenous (Mar-
wari, Magra, Jaisalmeri, Pugal and Cho-
kla) sheep breeds has revealed that
Marwari has a relatively superior physio-
logical mechanism for the maintenance
of body equilibrium while animals of the
Pugal breed are apparently the least effi-
cient in this respect (Abichandani and
Ghosh, unpublished observations). The
Marwari animals also seem to be at an
advantageous position with regard to
body weight maintenance under water
stress conditions, as well as in respect of
Wa.ter requirement, although the Magra
ammals in this experiment had the high-
est body weight recovery upon re-

hydration after 24 h water restriction
(Table 6),
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The maximum average body weight
loss due to dehydration in all the breeds
examined was between 18% and 26%
(Table 6) during the months of April
and May when the maximum air tem-
perature varied between 38.7° C and
40.9° C. The minimum weight loss rang-
ing from 8% to 13% occurred during
December-January when the air tempera-
ture varied between 23.1° C and 29.2° C.
With increases in the ambient tempera-
ture, there were corresponding increases
in the percentage of body weight loss of
the animals after 48 h of water depriva-
tion, These findings are in agreement with
those of Macfarlane et al. (1956) who,
working in the hot arid region of Aus-
tralia, reported a loss of 23% (around
12.0 kg) in the body weight of sheep
deprived of drinking water for 5 days.
When Macfarlane’s sheep were offered
water after 5 days, they were able to
restore their water content and do so
rapidly by drinking 7 to 9 litres ‘at once’.
This is around 18% to 23% of the .dehy-
drated body weight, and is similar to
the drinking capacity of the camel and
the donkey. Since the average weight
loss was 12 kg, and some fraction of
this was due to loss of tissues, it seems
that sheep drink to restore their body
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water content, and do so rapidly (Mac-
farlane et al., 1956). In our experiments,
sheep, after 48 h water restriction in
summer, consumed between 6.0 and
10.1 litres at a single bout. However. at
lower temperatures, the intake was bet-
ween 1.8 and 4.3 litres (Table 7). The
lost body weight of 48 h water deprived
sheep was almost fully recovered after a
single drench, and in some cases, the
recovery was even more than 100%
(Table 6). Macfarlane et al. (1961) and
Macfarlane (1964b) reported that sheep
make up about 65% of the body weight
lost during dehydration with the first
draught and complete rehydration is
achieved within a day or two. It would
appear that at higher ambient tempera-
tures, the recovery of lost body weight
due to dehydration is faster than at mil-
der ambient conditions.

Animals of all the indigenous breeds
examined by us were able to maintain
their rectal temperature within a narrow
range during experimental water depri-
vation for 48 h in different seasons when
maximum ambient temperature varied
from 24.4° C to 42.4° C and the maxi-
mum mean monthly temperature varied
from 23.1° C to 40.9° C. Sheep exposed
to the hot arid conditions of Queensland,
Australia, in the summer, showed only
moderate diurnal variations (about 1.5°C
to 2.0°C) in their body temperature.
This is a more moderate fluctuation in
body temperature than is found in the
camel. This relative stability of body
temperature in desert sheep is achieved
mainly by evaporation of water through
panting. The observed initial rise in the
rectal temperature of the dehydrated
animals may be due to dryness in the gut
of those animals, and with increasing de-
hydration it tended to stabilize (Taneja.
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1965). However, Maloiy and Taylor
(1971) did not observe any effect of
water restriction on the body tempera-
ture in African haired sheep and goats.
The respiratory rate per minute in Mar-
wari sheep decreased by half during com-
plete deprivation of water for three days
(Purohit, 1972). It seems that these
desert sheep breeds tend to conserve
water by reducing moisture loss through
ventilation. Similar observations have
been made by other workers also (Mac-
farlane, 1964a; Taneja, 1965).

Taneja (1966) also observed that the
major loss in weight of sheep occurred
during the first 24 h of water depriva-
tion. The total body weight loss during
the first 48 h was as high as 20 per cent
if the animals were completely deprived
of water and loss in body weight during
the following 48 h was not more than
5 per cent. The maximum strain of de-
hydration was, therefore, manifested
during the first 2 days of water depriva-
tion,

Taneja (1966), working on Marwari
wethers, reported that dehydrated ani-
mals tend to have a higher rectal tem-
perature which in some of the animals
reached as high as 105° F. Macfarlane
et al. (1956) have also recorded rectal
temperature of 105.8° F in Merino sheep
deprived of water for 5 days.

Taneja (1965) observed that in Mar-
wari wethers the body temperature of
animals watered every second day was
higher than that of animals watered daily
although the rise was still within the
range of thermoneutrality. He also noted
that in animals watered every third and
fourth day, the rectal temperature at
first rises on the day following the first
day of dehydration and then drops on
the following waterless day, although the
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final temperature, on the average, tends
to be higher than the initial tempera-
ture.

Contrary to the findings of the above
workers (Macfarlane et al., 1956; Taneja,
1965, 1966), a recent study (Abi-
chandani and Ghosh - unpublished data)
has revealed that the variation in the
rectal temperature of Rajasthan desert

sheep, when watered daily and when
kept without water for 48 h, are com-
parable and are within the zone of ther-
moneutrality. However, as compared to
the body temperatures of daily watered
animals, there are more animals with
higher rectal temperature when the same
animals are subjected to 48 h water
deprivation.
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Dehydration and tolerance to

water depletion

Almost 100 per cent of the body
weight lost by Marwari and Magra sheep
after 48 h of water restriction is usually
recouped with a single draught. The
mean water intake/ammal on watering
ad lib. after 48 h water deprivation varied
between 2.3 and 5.2 litres and the ani-
mals drank between 10.8 and 19.2 per
cent of the dehydrated body weight.
Taneja (1966) reported that sheep re-
ceiving little or no water were relatively
slow in drinking because the resorption
of water from the tissues was not quick-
ly restored. In his study, sheep receiving
full, 3, 3, %, 4, 1/16 and O quantities of
water lost, respectively, 1.12, 2.12, 3.87,
6.49, 6.87, 7.13, 6.25 kg of body weight
at the end of the water restriction pe-
riod of 4 days and drank 2.5, 2.9, 3.6,
3.5, 4.6, 4.4 and 4.0 '1/animal respec-
tively, In Taneja’s (1966) study, sheep
receiving as low as % of the ad libitum
intake of water were able to restore their
lost body weights fully when they were
offered water ad lib. However, the ani-
mals which were offered less than 4 the
daily normal intake of water after a 4-
day water deprivation period could make
up only upto half the loss in body
weight.

Purohit (1972) also reported that

after 3 days of water deprivation in sum-
mer, the average body weight losses in
adult animals of the Marwari, Russian
Merino X Marwari, Pugal and Chokla
sheep breeds were of the order of 8.90,
6.00, 9.00 and 7.65 kg, respectively. The
average amounts of water drank by ani-
mals of these breeds when water was
offered on the 4th day of the experiment
were 7.8, 5.4, 7.2 and 5.9 litres, respec-
tively. In Purohit’s (1972) study, the
recovery of lost body weight was 86%
in Marwari, 90% in Russian Merino X
Marwari, 63% in Pugal and 77% in
Chokla breed, respectively, on the first
day of rehydration. By the 3rd day of
rehydration the entire loss in body
weight was recouped. The interesting ob-
servation recorded was that while the loss
in body weight of the animals, during

. dehydration was gradual, the recovery of

24

the lost body weight was almost fully
achieved on the first day of rehydration.
In our studies on the effect of 48 h water
deprivation on 5 indigenous and a cross-
bred sheep, during November 1974 to
May 1975, the maximum loss in body
weight was in May, the values being 5.8,
6.2, 6.8, 6.8, 5.5 and 7.7 kg in Marwari,
Magra, Jaisalmeri, Pugal, Chokla and
cross-bred (Russian Merino X Marwari)



animals, respectively for which the re-
coveries of lost body weight after rehy-
dration were 118, 122, 113, 100, 113
and 100% (Table 6), respectively. The
average amounts of water intake in May
by animals of these breeds on rehydration
after water deprivation was 6.8, 10.1,
8.0, 7.0, 8.0, 8.0 litres in Marwari,
Magra, Jaisalmeri, Pugal, Chokla and
crass - bred animals (Table 7), respec-
tively. The average water intakes of desert
sheep in summer, as recorded in Puro-
hit's (1972) and our study, were in the
same range but the recovery in lost body
weight of the animals after rehydration
in Purohit’s study was not as high as
in our studies. Macfarlane et al. (1956)
working on Merino sheep also observed
that, on an average, each sheep took 9.0
litres of water on rehydration and were
able to restore their body water content
rapidly after remaining water deprived
for 5 days and suffering a loss of
11.8 kg in body weight. Schmidt-Nielsen
(1964) and Schmidt-Nielsen et al.
(1956) had observed that while the
camel can recover its lost body weight
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within 10 minutes, the desert donkey,
with iis capacity to drink 8 litres per
minute, has the fantastic ability to regain
a similar proportion of the lost body
weight within just 2 minutes. The desert
sheep breeds examined may be consider-
ed as belonging to the category of the
camel and the desert donkey in so far
as the ability to recover lost body
weight on rehydration after dehydration
is concerned.

It can, therefore be concluded that
sheep are able to almost fully recover
their lost body weight usually quite quic-
kly on rehydration after water depriva-
tion. At low ambient temperatures, the
recovery may be about 75% immediately
on watering ad lib., and 100% in a day
or two. Schmidt-Nielsen (1964) has al-
so opined that an animal which drinks
occasionally at a water hole where it may
fall prey to a carnivore must drink fast
and get away fast. It scems possible that
modern domestic sheep might be follow-
ing a pattern of behaviour acquired from
their wild ancestors.



Effect of water restriction on
feed intake and utilization

The relationship between feed and
water intake has been studied in several
species of mammals. It has been observ-
ed that water and feed intake are inter-
dependent - there being a voluntary re-
duction in one whenever the other is
restricted.

In the dry season there is often no
leafy material left for grazing and brows-
ing and the animals are forced to eat
materials of practically no nutritive value.
But, there are certain shrubs and trees,
the leaves and pods of which contain
fairly high amounts of protein and suffi-
cient moisture are available in abund-
ance during the dry seasons. These pro-
vide a ready source of essential nutrients
to the otherwise starving animals. It has
been found that the grazing Marwari
sheep do not lose body weight even after
twelve days of water restriction during
summer provided they have free access
to the fallen pods of Khejri (Prosopis
cineraria) which contain about 68%
water and are highly nutritious (Taneja,
1966). ’

Dry matter intake

Purohit (1972) recorded statistically
non-significant reductions in dry matter
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intake of the order of 8.50% and
11.70% in Marwari and Russian Mer-
ino X Marwari sheep respectively when
these animals were on a 50% water de-
privation regime for 2| days. Earlier
workers  (Lloyd et al., 1962; Bianca
et al., 1965; Forbes, 1968; Clark and
Quin, 1949) had observed that dry mat-
ter intake in livestock is generally reduc-
ed when the frequency of watering is re-
duced. In the Australian Merino, dry
matter intake is greatly reduced after
two days of water deprivation (Macfar-
lane et al., 1961). In the studies of
Purohit (1972), feed intake by sheep
was more or less maintained upto 21
days of 50% restriction of water. This
is comparable to the finding in the camel
the feed intake of which remains un-
affected during water deprivation upto
20% to 30% loss in body weight
(Schmidt-Nielsen, 1964). ’

Rate of passage of feed through the gut
in relation to water availability

Of the ruminant animals studied, the
rate of passage of feeds, particularly of
lucerne hay, through the digestive tract
of the sheep appears to be the highest
and this may be ascribed to the high level



of fermentation in the rumen of this
species. The lucerne hay when fed to
sheep, showed a faster rate of passage
when compared to the other feeds
(Chowdhary, 1966). A negative cor-
relation between intestinal retention
time and the percentage of water in the
faeces has been reported to exist in ru-
minants (Castle, 1956; Coombe and
Kay, 1965). This relationship would sug-
gest that the efficiency of water absorp-
tion is dependent on the length of time
for which food particles are retained in
the intestine. Purohit (1972) reported that
in the Marwari and Russian Merino X
Marwari sheep, faecal water is decreased
by 40 to 50% when water intake is res-
tricted to 50% of normal requirement.
It may be noted, however, that this re-
lationship does not hold good in the case
of goat (Weston, 1968), where a higher
faecal water content has been found to
accompany a higher retention time and
a factor other than retention time has
been suggested to play a significant role
in the determination of the water con-
tent of faeces.

Purchit (1972) opined that when
sheep are allowed restricted water intake,
not only feed intake is considerably re-
duced, but- the passage of feed through
the digestive tract is also considerably
delayed. He reported that it took 58.5
hours for 50% of ingested stained feed
to pass through the digestive tract of
the animals receiving half the quantity,
of normal water intake whereas the time
taken for similar excretion in the fully
watered sheep was 48.0 hours. Purohit
(1972) concluded that the rate of pas-
sage of feed through the digestive tract
of at least the Marwari breed of sheep

is influenced by the volume of water
drunk.
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Dry matter digestibility

Purohit et al. (1976) reported that
50% water restriction over a period of
21 days had no effect on dry matter
(DM) intake per unit body weight and
in the coefficient of digestibility of dry
matter, crude protein (CP), ether ex-
tract (EE) and nitrogen free extract
(NFE) in comparison to ad libitum
watering treatment in desert-adapted
sheep. The coefficient of digestibility of
crude fibres (CF) was, however, found
to be significantly (P<0.01) increased in
the water restricted animals. It has, how-
ever, been speculated that the improve-
ment in crude fibre digestibility during
water restricted regimes may not be a
direct effect of water restriction but may
result indirectly from the production of
additional saliva during such conditions
(Blaxter et al., 1956). There was no
treatment effect on the nitrogen balance
of the animals. Since there was a mar-
ginal increase in digestible energy intake
of the water-restricted animals, it seems
probable that desert-adapted sheep may
have a somewhat better energy balance
under water scarcity conditions.

Bohra and Ghosh (1977) working on
3-year old Marwari rams have reported
that on 50% water restriction in sum-
mer, dry matter intake (DMI) and di-
gestible energy intake were reduced but
no significant treatment effect was ob-
served by these workers on the digesti-
bility coefficients for dry matter, organic
matter and cell-wall constituents of the
feed. The values for the latter, were,
however, consistently higher in the case
of the water restricted animals. The di-
gestibility coefficient of crude protein
for normally watered and water restrict-
ed animals was -3.63% and -16.63%



respectively. Throughout the experiment-
al period, animals of both the groups re-
mained in negative nitrogen balance, this
being somewhat more pronounced in the
water restricted group. Similar observa-
tions have been reported by Thornton
and Yates (1969) in cattle and by Os-
man and Fadlalla (1974) in Sudanese
sheep. They concluded that as the feed
intake is reduced due to the water restric-
tion, nitrogen intake necessarily declines
and, consequently, the relative propor-
tion of endogenous nitrogen in the total
amount of nitrogen excreted becomes
greater. These authors believe that this
phenomenon is of paramount import-
ance in differentiating between the nitro-
gen retention values per se as a property
of the feeds, and the nitrogen retention
values obtained with the particular feed
under conditions of sub-optimal feed in-
take. This effect is likely to be magnified
by the desquamation of the epithelial
tissues of the digestive tract, caused by
the fibrous components of the feed.
Purohit et al. (1976) in their studies
made in winter, did not observe any ad-
verse effect of 50% water restriction on
either DMI or nitrogen balance in Mar-
wari sheep. This would suggest that
there is a marked seasonal variation in
this breed’s response to restricted water
intake in respect of DMI and N meta-
bolism. Interestingly, Livingstone et al.
(1964) and Utley et al. (1970) ob-
served increases in nitrogen retention in
cattle when water restriction was im-

posed.

Bohra and Ghosh (1977) also ob-
served that there was a decreased waler
loss through both urine and faeces in
water restricted sheep. The reduced faecal
water loss was apparently duc to (a) a
reduction in total faecal output, and (b)
a reduction in the amount of moisture/g
of fresh faecal matter (which was reduc-
ed by 22.1%). It would seem, there:
fore, that reduction in faecal water loss
is one of the important measures by
which these animals conserve body water
during periods of water scarcity. Thorn-
ton and Yates (1969), working on cattle,
had arrived at a similar conclusion. In
their view, the hind gut is likely to have

" a regulatory role in the observed res-
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ponse to water restriction.

It is likely that water restriction re-
duces the passage of boluses (Balch
et al., 1953), allowing for_increased re-
absorption of moisture from the gut.
Similar obsfervations have been made on
water restricted Marwari sheep (Puro-
hit, 1972).

Bohra and Ghosh (1977) further ob-
served that after a 23-day experimental
period, both normally-watered and water-
restricted sheep lost in body weight, the
average loss being of the order of 5.3%
of the initial weight in the former and
21.2% in the latter. At the end of the
23-day experimental period, when the
water restricted animals were offered
water ad libitum, they drank about 6-7
litres within 7 minutes and recovered
71.5% of their lost body weight within
3 days.

L



Body water distribution

* In desert sheep and goat

The pattern of distribution of water
during water deficiency conditions in vari-
ous body compartments, and the effici-
ency of the kidneys in reabsorbing the
filtered water back into the system de-
termine -the survivality of an animal in
the desert. During water restriction, water
lost from an animal is drawn from vari-
ous body water compartments and the
degree by which these compartments are
depleted during dehydration differ from
species to species. For example, in the
Marwari (Barmer) goat, 4 days of water
deprivation during summer brought down
plasma volume (PV) by about 139 ot
normal (Khan et al., 1979). However,
in the Marwari sheep, PV was reduced
by as much as 439 only after 3 days
of water deprivation under similar con-
ditions. Examination of the levels of cell
and gut water as per cent of total loss in
body water at the end of dehydration re-
gimes in the sheep and goat has revealed
that while in the goat the reduction is of
the order of 90%, in the sheep it is only
to the extent of 62% (Khan et al., 1979).
Cell and gut water is of special signifi-
Cance during periods of water stress in
desert animals because it is this water
Wwhich is mainly relied upon by the cit-
Culatory medium for the maintenance of

its normal volume (Ghosh and Khan,
1980}. The cell and gut water may, thus,
be considered as the “emergency water
reservoir”’. The inability of the sheep to
use this water fully at times of water
crisis, and its primary dependence on
circulatory water for evaporative cooling
and other essential purposes makes the
sheep decidedly less desert worthy than
the goat (Ghosh and Khan, 1980).
With regard to responses of kidneys to
dehydration in these two species, it was
observed that in the event of water stress,
the urine output of the goat was reduced
considerably on the 4th day of water
deprivation, the reduction being as much
as 77%. Although the desert sheep also
reduces its urine output, it is not capa-
ble of reducing it to the extent as the
goat does. Glomerular filtration rate
(GFR) in Marwari (Barmer) goats re-
ceiving a quarter of their normal daily
water intake during summer was reduc-
ed to 1/; of the normal (Ghosh and
Khan, 1980). It is conceivable that in
desert adapted animals, a reduced GFR
is one of the principal adaptational
strategies to meet the threat of water

“insufficiency. Unlike Marwari sheep, the
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Marwari (Barmer) goat, apparently emp-
loy a combination of several strategies,
prominent among which are a reduction
in GFR and maintenance of the fluidity



of the blood at the cost of the water
status of the gut and cells,

Body water turnover in desert sheep and
goat

In arid zone the efficiency of water
use is a major aspect of animal produc-
tion. It is normally assumed that there is
a trade-off between water use and pro-
ductivity. Body water turnover rate in a
given environment is an accurate index
of overall water use functions of an ani-
mal. The average water turnover in Mar-
wari (Barmer) goat is considerably lower
(74 ml/kg. b. wt/24 h) than in Mar-
wari sheep (112 ml/kg. b. wt/24 h) dur-
ing summer (Khan, 1982). The water
turnover values of the Marwari sheep
are comparable with those reported for
Australian Merino and Awassi sheep of
Israel (Macfarlane and Howard, 1972).
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The 1R"Iarwari (Barmer) goat, however,
would seem to be a miore efficient user
of water than other reported desert
adapted goat breeds (Macfarlane and
Howard, 1972; Shkolnik et al., 1979).
The comparatively low water turnover
in Marwari (Barmer) goats is likely to
be of considerable eco-physiological sig-
nificance as this would enable these ani-
mals to graze over long stretches of the
desert range for 3 - 4 days at a time be-
fore reaching a water hole. By contrast
the Marwari sheep will at best be able
to stand only 2 days grazing away from
any source of water. The superior water
use efficiency of the desert goat must
have been responsible for the enormous
increase in goat numbers (about 70%
increase during the decade 1961-71) in
western Rajasthan while the growth rate
of the sheep population of this tract has
preceded at a much slower raté”



Effect of water restriction on

blood constituents

Physiological changes in the blood
‘constituents of the Australian Merino
and the Marwari sheep, receiving rest-
ricted quantities of water have been re-
ported (Macfarlane et al., 1961; Taneja,
1965, 1966). Very little changes in hae-
moglobin concentration have been re-
corded in the Australian Merino depriv-
ed. of water for three days, but by the
end of the fifth day the haemoglobin
concentration was increased by 32%. In
Purohit’s (1972) study, on an average
there was an increase of 21% in haemo-
globin concentration in all the sheep
breeds examined after water deprivation
for 5 days. An apparent increase of
42% in haemoglobin concentration was
noted in the Guanaco when water
was restricted upto 23.4% loss in
body weight (Rosenmann and Morrison.
]963) It appears that the Australian
Merino and the Guanaco respond to
water restriction similarly in respect of
haemoglobin concentration. The haema-
tocrit value (cell volume) after six days
of deprivation of water, increased by
25% in the Merino (Macfarlane et al.,
1956, 1961),

Purchit (1972) also observed that in
his animals after 5 days of water depri-
vation, the haematocrit (packed cell
volume) increased by 13.14%, 15.88%,
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17.74% and 10.19% in the Marwari,
Russian Merino X Marwari, Chokla and
Jaisalmeri breed respectively. This was a
clear indication of the haemoconcentra-
tion caused by the imposed treatment.
Taneja (1965) also found a 22% incre-
ase in packed cell volume in Marwari
sheep when these animals were subjected
to water restriction for four days. He had
further observed that the increase in
packed cell volume was associated with
increase in the degree of water restric-
tion. A 39% increase in packed cell vo-
lume in the Australian Merino, after 5
days of water restriction, has been re-
ported (Macfarlane et al., 1961). The
increase in the packed cell volume re-
ported by Purohit (1972), was relatively
less when compared to the findings of
Taneja (1965) and Macfarlane et al.
(1961). Such differences may be due to
the differences in the experimental con-
ditions.

The plasma sodium and potassium
concentration in the Australian Merino
apparently remain within reasonable K-
mits after 3 days of water deprivation.
For example, Macfarlane et al. (1956)
had earlier recorded a 9% increase in
plasma sodium concentration in the Aus-
tralian Merino after the animals were
maintained without water for 5 days.



Purohit (1972) observed that the plas-
ma sodium concentration remained
unaffected after five days of water depri-
vation in Marwari, Russian Merino X
Marwari, Chokla and Jaisalmeri breeds.
The plasma potassium concentration did
not increase appreciably even after 6 days
of water deprivation; while the normal
range of plasma potassium concentration
was from 3.82 to 4.36 meq/1, a range of
4.14 to 4.72 meq/1 was recorded in the
dehydrated animals (Macfarlane et al.,
1961). Purohit (1972) also observed
that as in the case of plasma sodium,
plasma potassium concentration also re-
mained unaffected in all the Indian breeds
of sheep examined by him, after the ani-
mals were water deprived for 5 days;
however, significant breed differences
were observed in this respect. Purohit’s
(1972) findings are in agreement with the
observations of Macfarlane ef al. (1961)
on the Australian Merine subjected to
six days of water deprivation.

The constituents of the blood of the
" goat have also been reported to change
during prolonged water restriction
(Ohya, 1964).

Purohit (1972) recorded increases
of 0.38%, 0.49%, 0.58% and 0.58% in
the specific gravity of the plasma of 5-day
water-deprived Marwari, Russian Merino
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X Marwari, Chokla and Jaisalmeri sheep
respectively. Whole blood specific grav-
ity rose by 1.05%, 0.66%, 0.66% and
0.86% respectively in these breeds after
5 days of complete water deprivation.
The differences due to water restriction
were significant. Water restriction, how-
ever, had no effect on red cell fragility.
In Bianca’s (1970) studies on cattle,
however, the red cell fragility increased
and remained unchanged for several
hours after rehydration. It seems that
sheep and cattle differ in this respect.
Purohit (1972) also reported a signifi-
cant increase in the number of circulat-
ing red blood cells after 5 days of com-
plete water deprivation. The increase was
of the order of 16.18%, 22.82%,
13.04%, and 13.29% in the Marwari,
Russian Merino X Marwari, Chokla and
Jaisalmeri breed respectively. These find-
ings are in agreement with the findings
of -Bianca (1970) on cattle. It has also
been reported that when the guanaco
are dehydrated to a body weight loss of
23.4%, the total number of red blood
cells increase by 38.18% (Rosenmann
and Morrison, 1963). Tt appears that
the increase in the total number of red
blood cells, due to water restriction, is
of somewhat less magnitude in sheep than
‘n the guanaco.



Blood potassium types and

water use elficiency

On the basis of concentration of po-
tassium (K) in the blood, sheep can be
classified into high (HK) and low (LK)
potassium types. The sheep with potas-
sium concentration between 9-12 meq/]
are designated as low (LK) potassium
type and those with K concentration
between 22-25 meq/1 are designated as
high (HK) potassium type. These two
potassium types have been reported in
numerous breeds of sheep.

A survey of six sheep breeds of Raja-
sthan, viz. Marwari, Malpura, Chokla,
Magra, Sardarsamand and Pugal, has
shown -the existence of two K types
(Table 8). There are no intermediate
potassium types between HK and LK.

Evans (1957) recorded differences
in the water metabolism between LK

and HK sheep and suggested that LK
animals may have more chance of survi-
val in relatively arid regions than HK
animals. This hypothesis does not hold
true when examined for the Indian
breeds. The predominance of HK in the
Indian breeds of sheep has been thought
to be due to the migration of HK animals
from Afghanistan to this region (Taneja
and Ghosh, 1965).

LK type sheep reportedly drank a re-
latively lesser quantity of water than HK
(Taneja, 1967). On a larger sample,
when potassium types were adjusted for
variations in body weight, the differences
between potassium types for water intake
were, however, not statistically signifi-
cant, but the interaction between season
and the type was significant (Purohit,

Table 8. Blood potassium type in Rajasthan sheep

Breed Number of sheep HK sheep (%)
Chokla 259 57
Malpura 99 65
Magra 115 65
Marwari . 113 72
Sardarsamand 12 66
Pugal 24 79

(From Taneja, 1970).
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1972). The differences in water intake by
the two K types of animals varied from
season to season. The differences
between the two K types in respect
of water loss through faeces, urine,
sweating and respiratory tract were also
not significant. It was observed that the
differences between the two types in res-
pect of water intake were largely in mode
than in mean. That is, there were more
animals in the LK than in the HK group
which drank lesser quantities of water.
During water deprivation, the differences
in loss in body weight between the two
K types were practically nil. It may,
thus, be concluded that the occurrence
of a high proportion of HK type animals
in the Rajasthan desert cannot be attri-
buted to their tolerance to water defici-
ency conditions in this region (Taneja,
1970).

Exercise and water consumption

In the desert, anmimals have to walk
long distances in search of feed and wat-
er. The ability of the animals to walk fast
and recuperate the losses are of prime
importance. Dowling (1956) considered
. that the time required for body temper-
ature to return to normal after exercise
is an excellent measure of an animals’
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adaptation to tropical fatigue. Taneja
er al. (1967) working on Marwari sheep
observed that body temperature in LK
animals rose significantly more than in
HK when subjected to exercise.

The rise in body temperature of LK
animals was related to their ability to
conserve body water as, after the exer-
cise, these animals did not drink as much
as HK type animals. In this respect, the
LK animals are comparable to the
camel.

Physiologically a rise in body tem-
perature above normal limits is detri-
mental to an animal and while selecting
animals preference is given to those in
which the rise in body temperature dur-
ing stress is less. Although regulation of
body temperature is generally considered
to have priority over water balance, yet
it may be logical to conjecture that in
chronically water deficient areas the
evolution of physiological adaptive me-
chanisms might have been directed pri-
marily towards saving of body water.
This would mean a necessary shift in the
prerogatives for the stability of different"
physiological parameters. The thermore-
gulatory behaviour of LK sheep is pro-
bably a manifestation of such general-
ised physiological principles aimed at
fitting it properly into its desert niche
(Taneja et al., 1967).



General discussion

In the Rajasthan desert, scarcity of
water is the main problem and, there-
fore, it is essential to gain information
about the adaptation of sheep to this
region. The underground water in this
desert is fairly limited and the water
table is also very low. The water here
is often saline. Sheep are driven several
miles daily to watering ponds.

Inspite of heavy stress imposed on the
animals due to scarcity of water, the
sheep population in Rajasthan has been
gradually rising. It seems to indicate a
relatively jigh degree of tolerance to de-
sertic stress in sheep which have manag-
ed to escape the conditions of frequent
droughts and scarcity of water.

Different breeds of sheep, when sub-
jected to various degrees of water stress,
lost around 27% of their body weight
without any physiological disfunction,
and on rehydration, they regained the
lost body weight quickly. It is unlikely
that reasonably restricted watering of
desert-adapted sheep during a period of
water scarcity would affect the economic
traits. Unlike that in cattle, the end pro-
ducts in sheep for human consumption
~Wool and matton - would require rela-
lively lesser quantity of water.

When sheep are deprived of water,
the food intake decreases. The food con-
Sumed is also retained longer in the gas-
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trointestinal tract when the sheep arc
given restricted amounts of water. This
could be advantageous to the animals if
a relatively longer retention of the feed
in the intestinal tract results in a better
absorption of the nutrients in the ani-
mals’ bodies. The ability of an animal to
withstand loss in body weight during
water deprivation might possibly be com-
pensated for by this mechanism.

There is an enormous amount of hae-
moconcentration during water restriction
in sheep. This suggests that sheep are
incapable of maintaining proper blood
circulation in the face of dehydration.
The animal overcomes the water loss
from the body during water depri-
vation mainly by passing lesser qu-
antities of urine, In this respect, sheep
resemble the camel. The sodium concen-
tration in the urine increases significantly
during dehydration in the Australian
Merino (Macfarlane et al, 1961). In
desert breeds also, during water restric-
tion, the concentration of total electro-
lytes in the urine increases.

In sheep, on water restriction, the ex-
tracellular and intracellular water com-
partments of the body are severely af-
fected. There is an overall reduction in
body fluids and the reduction is propor-
tional to the degree of water restriction.
However, the body fluid compartments



remain unaffected when sheep are water-
ed 25% less than their normal daily
requirement, but as soon as reduction
in water intake goes below this level, the
body fluid compartments begin to shrink.
The maximum reduction observed in the
total body water of water-deprived sheep
was 46%. Apparently, these sheep sur-
vive such a heavy reduction in body
fluids and it indicates the efficiency of
these animals to live under conditions
of water stress in the desert.

Some of the physiological norms are
affected during water restriction. The
rectal temperature rises during water de-
privation presumably due to the overall
dryness of the body. The respiratory fre-
quency decreases to conserve moisture
from being lost from the respiratory tract.
The rise in body temperature and de-
crease in respiratory frequency are di-
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rectly proportional to the degree of
water restriction.

When desert sheep are watered twice
a week, or are allowed 50 per cent of
the normal daily water intake, there is a
saving of 50% in the water expenditure,
while there are no ill effects on the phy-
siological functioning of the animals.
Saving of drinking water to the tune of
50 to 85 litres per sheep per month has
been found achievable by resorting to
watering of the animals twice every week
instead of daily, the corresponding sav-
ing in the case of lambs being about 25
to 30 litres per lamb per month. It would,
therefore, seem that it will be possible
to maintain around 200 sheep on the
normal water ration of 100 sheep if the
animals are allowed to drink twice every

week instead of daily.
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