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SUMMARY

The present work investigates the adaptive capacity of the indigenous Saidi sheep and Saidi goats (109 and
80 animals, respectively) to the prevailing hot dry conditions of Upper Egypt. The environmental stressors were
summer heat stress (SHS); exercise heat stress (EHS), animals walk for 7 km under solar radiation; the third
stressor was winter cold stress (WCS) outdoor.

Exposing the animals to SHS (THI=103.2), raised significantly (P< 0.05) the respiration rate (RR) of Saidi
sheep and goats by 206 and230 %, respectively, with the incidence of deep breath. Rectal temperature (RT) and
skin temperature (ST) significantly increased (P< 0.05) with SHS. Carry on effect, continue up to 8 pm.
Exposing Saidi sheep and goats to exercise heat stress (EHS) increased RT and ST by 1.9°C and 4.7°C, for both
species. Respiration rate, multiplied by more than 5 folds for both species. Changes in the GV, differ between
the two species, it increased by 575% in sheep and only byl175% in goats. Local Saidi sheep and goats
responded to physical heat stress by vast accelerating their RR; however, Saidi sheep need to go further to deep
breath to cope the extra stressors

Winter cold stress at 4am (THI=51), reduced RT of Saidi sheep and goats by 0.7and 0.4°C, respectively;
from that at its comfortable zone at 2 pm(THI = 62). Skin temperature declined by 3.7 and 3.9°C, with WCS.

Changes in respiratory parameters with cold stress were limited, compared to that of the thermal ones.
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INTRODUCTION

Globally, expected climate changes (CC) in the
coming years represent critical challenge to mankind;
it is linked to the high risk of frequent incidence of
extreme climatic events (Ornes, 2018). The effects of
CC are likely to be more effective in the hot dry
areas. Developing countries are more vulnerable to
CC, with its high reliance on natural resources,
limited institutional and financial capacity, and high
poverty levels (Thornton et al., 2009). In the context
of the expected CC, strategies of livestock
communities in the hot dry areas are based on the
identification of heat-tolerant animals within their
populations and to breed them, while getting rid of
the low adapted ones.

Goats have numerous advantages that enable
them to maintain their production under extreme
climate conditions. Based on these advantages,
Dracan and Silanikove (2017) concluded that goat
breeding plays an important role among farm
animals, in mitigating and adapting to climate change
(CC) in harsh environments.

Upper Egypt is a hot-dry subtropical region,
extended from Giza north to Sudan border in the
south (latitudes: 22° south to 29° north). It is
characterized by intensive solar radiation, very hot
summer, cold winter nights, and scarce rainfall (15
mm/annually). Ambient temperature varies widely

between day and night; diurnal variation often
exceeds 20°C. The prevailed agro- ecological
conditions in Upper Egypt are intensive agriculture
of more than a crop/year, and mix crop-livestock
production system. Animal productions depend on
cut and carry of the cultivated green fodder (mainly
Egyptian clover in winter), and grazing crop residues
in summer.

Saidi sheep and Saidi goat, are the indigenous
Upper Egypt breeds. They are raised in small flocks;
and are known for their tolerance to heat stress and
the prevailed hot dry environment (Galal et al. 2005).
Saidi sheep are considered the oldest Egyptian sheep
breed in the country, they are characterized by high
fertility, and high mortality rate of young animals
(EL-Hommosi and Abdel-Hafiz, 1982;Guirgis,
1994and Elshazly and Youngs 2019). They are
mostly dark in color, with open coarse fleece, some
individuals are creamy or mixed colors. They have
Roman noses, dewlap under the neck, length in tail
and coarse wool cover (Ghanem 1980). Saidi goats
are mostly black in color, small size , with small to
medium ears, and are widely extended all over Upper
Egypt (Galal et al., 2005) (Fig. 1).

The present study aims to investigate the adaptive
capacity of the indigenous Saidi sheep and Saidi
goats to the environmental conditions of Upper
Egypt, which is very hot summer with frequent
incidence of extreme hot waves, very cold winter
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nights with wide diurnal variation in ambient
temperature. The thermo neutral zone of the
Egyptian  desert and non-desert goat breeds were
reported by EI-Sherbiny, et al. (1983) to range

between 20 and 30°C. While the upper critical
temperature is above 35°C and the lower critical
temperature is below 10°C.
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Fig. 1. Saidi ram and Saidi Buck.

MATERIAL AND METHODS

Experimental design :

The study was carried out at Malawi
Experimental Farm, latitude 27° N and longitude
30°E, 50 meters above sea level. Number of animals
involved were 109 Saidi sheep and 80 Saidi goats
(Tablel). Three trials were carried out over 2018 and
2019 to investigate the adaptive capacity of Saidi
sheep and Saidi goats to the environmental stressors
in Upper Egypt. The animals were housed in semi
open pens and fed concentrate mixture plus hay in

summer and Egyptian clover in winter. The applied

treatments were as follow.
1-Summer heat stress (SHS) exposing the animals
to direct solar radiation (SR) from 12 pm to 2 pm

in August 2018.
2- Exercise heat stress (EHS) animals were
encouraged to walk around 7 km under direct
solar radiation from 12pm to 2 pm, simulating
summer grazing on crop residues fields, August
20109.
3-Winter cold stress (WCS) animal kept outdoor
at 4 am, compared with their performance at 2
and 8 pm, January 2018 and 2019.

Table 1. Number of animals involved in different trials and their average body weight (BW)

Saidi sheep Saidi goats
Trial No. mean + SE No. mean + SE
Summer Heat Stress 2018 (SHS) 29 37.0+1.10 20 27.0+1.10
Exercise Heat Stress Summer 2019 (EHS) 30 325+0.73 15 23.3+£0.96
Winter Cold Stress 2018 (WCS) 20 38.4+1.68 20 27.0+£1.10
Winter Cold Stress 2019 (WCS) 30 37.9+0.89 25 245+1.30
Total/average 109 36.2 £0.57 80 25.2 £ 0.58

Studied traits:

Physiological body parameters related to animal
adaptation to environmental stressors, were measured
on each animal before and after exposer to stress as
follow:

-Rectal temperature (RT), as °C by clinical
thermometer,

-Skin temperature (ST), as °C by infrared
thermometer,

-Respiration rate (RR), as res./min., and

-Exhaled gas volume (GV), as l/res. use open circuit
technique,  Harvard  Apparatus, England;
according to Yousef and Dill (1969)

Climatological parameters: dry- bulb temperature
(TDB) and relative humidity (RH) were measured at
rest and after exposure. Temperature Humidity Index
(THI) were calculated after Hahn, et al. (2003):
THI=((TDB*1.8)+32)-((0.55*(RH/100)))*
((TDB*1.8)+32)-58) and presented in Table (2).
Animals are consider in its comfortable zone when
THI value is < 74in moderate stress when THI
values ranged from 75-78under dangerous heat
stress when THI is 79-83, and >84 is under
emergency heat stress.
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Table 2. Meteorological parameters at exposure in different trials
AT*(°C) RH (%) THI

Year 4am  2pm 8pm 4 am 2pm 8pm 4 am 2pm 8pm
Summer 2018, (SHS) 30.7 443 - 71.3 29.0 - 75.8 103.2 75.8
Summer 2019, (EHS) 23.7 455 28.5 80.7 22.7 53.8 67.3 107.2 -
Winter 2018, (WCS) 9.1 17.6 8.1 70.7 48.9 74.0 52.0 62.0 51.2
Winter 2019, (WCS) 8.2 18.2 - 85.0 51.2 -- 52.0 62.9 -

*AT: Ambient Temperature, RH: Relative Humidity, THI: Temperature- Humidity Index

Statistical analysis:
The model used for the statistical analysis was:

Yi=H +S;+ TD; + (S*TD);+ ej where,
Yk is the value of the studied parameter (RT, ST, RR
and GV),

£ is the overall mean,

S; is the fixed effect of i species, i= 1 and 2 (1=
sheep and 2= goats),

TD; is the fixed effect of j time of day, j= 1,2, 3 (1=
morning, 2=noon and 3= night),

(S*TD); is the interaction between species and time
of day; and

gjjk is the random error distributed by (O,CTE-.:- )
Two-way analysis of variance was applied for the
model (SAS, 2009).

RESULTS AND DISCUSSION

Summer heat stress (SHS):

Estimates of THI under SHS, at 2 pm (Table 2),
indicates that animals were under severe heat stress
(THI=103.2). Exposing Saidi sheep to summer heat
stress (SHS) under direct solar radiation (SR), at 2.0
pm, raised significantly (P<0.05) their thermal
parameters (RT and ST), from their rest status at the
morning (Table3). The carry-over effect of the heat
stress on RT continues until 8 pm at night, in spite of
the reduction of the THI to 75.8. Mean while the
effect of heat and SR on ST diminished per night and
return close to their rest status in the morning (34.4
vs.33.9 °C).Skin is an important pathway for heat

exchange between the body and surrounding
environments in the mammals (Rashamol et al.,
2018).

The respiration rate (RR) showed the highest
physiological changes in Saidi sheep when exposed
to summer heat stress. Rate of change was 206 %
from that at rest, with wide individual variation (30-
134 resp./min). Gas volume significantly increased
(P<0.05) from2.2at rest to 4.8 l/min., under heat
stress. They came back close to their rest status at 8
pm. Accelerating respiration, seems to be the main
mechanism of Saidi sheep to tolerate SHS. Similar
finding was reported by Aboul Naga et al. (2011) for
Barki desert sheep, under the hot dry conditions of
Coastal Zone of Western Desert. Indu and Pareek
(2015) reported that animals exposed to severe heat
stress, resort respiratory evaporative cooling
mechanisms through multiplying their RR by some
folds.

For Saidi goats, thermal parameters (RT and ST)
also showed significant changes (P<0.05) with
exposure to SHS; they were capable to return to their
rest status by 8 pm (Table 3). Exposing to severe heat
stress resulted in hyperthermia of decreased thermal
gradient between animals and surrounding
environment, and therefor, heat loss becomes less
effective (Indu and Pareek 2015). Respiration rate
increased significantly with SHS by 230 %, ranged
from 32-120 resp./min. Exhaled gas volume also
significantly increased (P<0.05) with heat stress, but
with a narrower range than sheep (1.6 -3.3L/min.).

Table 3. Physiological body parameters of Saidi sheep and goats under summer heat stress

At rest (7am) Heat Stress (2pm) At night(8pm)
Parameter LSM+SE LSM+SE LSM+SE
Saidi sheep
RT(°C) 39.1° +0.06 39.4%+ 0.04 39.5%+0.05
ST(°C) 33.9°+0.14 36.5%+0.15 34.4°+0.10
RR(resp./min) 341°+131 70.2%+5.10 30.2°+1.01
GV (I/min) 2.2°+0.52 4.8 +0.79 2.4°+0.27
Saidi goats
RT(°C) 39.2°+0.07 39.8%+0.07 39.3°+0.07
ST(°C) 34.9°+0.18 36.9* £ 0.06 34.2°+0.11
RR(resp./min) 20.8"+0.86 47.8% + 4.56 21.6°+0.77
GV (I/min) 1.6°+0.11 3.37+0.23 1.89°+ 0.05

*Within the same parameter, means followed by the same symbol don’t differ significantly at 5%probability
RT: rectal temperature; ST: skin temperature; RR: respiration rate; GV: gas volume

Inter-species variation was highly significant
(P<0.01) for RR, GV and ST, and significant
(P<0.05), for RT (Table 4). These are most probably
due to different body sizes between the two species.

Saidi sheep weighed in average 36.2 kg while Saidi
goats weighed 25.2 kg (Table 1). With the different
responses of the two species to SHS, species by time
interaction was highly significant (P<0.01) for RT,
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ST and GV, but not for RR. Seixas et al. (2017)
reported that the smaller size animals are more heat
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tolerant. Pacifici et al. (2017) stated that small body
size is a mean of adaptation to warmer climate.

Table 4. Mean squares (MS) for changes in physiological parameters of Saidi sheep and goats with

Summer Heat Stress

L MS
Source of variation df RT ST RR Y,
Species 1 0.45* 5.6** 7789.6*%* 27.8**
Time 2 6.12** 87.37** 16529.7** 111.1*%*
Species*time 2 1.95** 3.77** 585.2 3.4**
Residual 141 0.08 0.44 225.9 0.46

*Significant at 5%, **significant at 1%.

RT: rectal temperature; ST: skin temperature; RR: respiration rate; GV: gas volume

Exercise heat stress (EHS):

When Saidi sheep and goats were exposed to
physical exercise under summer heat stress, walking
for 7 km under direct solar radiation from 12 to 2 pm
with THI=107.2; RT and ST increased by 1.9°C and
4.7°C, respectively, in both species (Table 5).
Respiration rate increased by nearly five folds in both
Saidi sheep and goats, when exposed to EHS.
Meanwhile, changes in GV with EHS significantly
differed between the two species (P<0.01), being
575% in sheep and only 175% in goats. Saidi sheep
and goats respond to physical stress under heat by
vastly accelerating their respiration rate. However,
Saidi sheep need to go further to deep breath to
withstand the combined stressors of physical

exercise, solar radiation, and heat .Kasa et al. (1995)
found that 1 hour exercise for Saanen goats increased
their RR by 6-folds from that at rest. Barki desert
sheep responded to exercise heat stress under the hot
dry conditions of the Coastal Zone of Western
Desert, by accelerating their RR, together with the
frequent incidence of deep breath (Aboul Naga et al.
2021). The thermoregulatory mechanisms of Barki
goats to tolerate EHS were to increase their
respiratory heat loss and reduce their heat production,
reflecting species differences in their mechanism to
cope with the physical heat stress under hot dry
desert conditions.

Table 5. Physiological body parameters of Saidi sheep and goats with Exercise Heat Stress

At rest(7am) Heat stress (2 pm) Changes
Parameter LSM+SE LSM+SE LSM+SE
Saidi sheep
RT(°C) 39.1%+0.06 41.0°+0.06 1.9£0.07
ST(°C) 31.7%+0.18 36.4°+0.51 4.7+0.91
RR (resp. /min.) 21.7°+0.58 126.9"+5.53 105.2+5.60
GV (I/min.) 1.2°+0.07 8.10°+0.20 6.9+0.19
Saidi goats
RT(°C) 38.6°+0.08 40.7°+0.10 1.9£0.15
ST(°C) 31.2°+0.24 35.9°+0.25 4.7+0.35
RR(resp./min) 20.3%+0.85 85.4°+10.85 65.1+11.08
GV (I/min) 0.8°+0.04 2.2°+0.34 1.4+0.34

*Within the same parameter, means followed by the same symbol don’t differ significantly at 5% probability
RT: rectal temperature; ST: skin temperature; RR: respiration rate; GV: gas volume

Winter cold stress (WCS):

Winter cold stress at 4am (WCS) with (THI=52),
significantly reduced RT of Saidi sheep by 0.7°C from
that at its comfortable winter zone by 2 pm (THI =62)
(Table 6). Indu and Pareek (2015) reported that with
the low THI in winter, animals are unable to maintain
their core body temperature and their RT decreases.
Skin temperature of Saidi sheep detect ably declined
with WCS at 4 am by3.7°Cfrom its values at 2 pm;
and by 0.9°C from its value at 8pm. The open fleece of
Saidi sheep seem not sufficient as isolator from winter

cold stress. Changes in the respiratory parameters with
cold WCS were limited, compared to the changes in
the thermal parameters. Respiration rate of Saidi
sheep was reduced by 13% per night. The exhaled gas
volume was reduced by 22% at 4 am and return to
normal by 8 pm. Kamur et al. (2018) reported that the
RR, RT and ST of Malpura lambs significantly
increased (P <0.05) at the winter morning from the
afternoon.
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Table 6. Physiological parameters of Saidi sheep and Saidi goats under Winter Cold Stress

4am (outdoor) 2pm 8 pm

Parameters LSM=SE LSM+SE LSM=SE
Saidi sheep

RT(°C)+ 38.9"* + 0.05 39.6% +0.09 39.1° +0.09

ST(°C) 27.8°+0.48 33.5°+0.72 25.3°+0.29

RR(resp./min) 23.7°+0.75 31.5°+1.89 19.1°+0.71

GV (I/min) 2.9°+0.09 3.7%+0.15 2.9°+0.06
Saidi goats

RT(°C) 39.0° +0.06 39.7°+0.06 39.1° +0.07

ST(°C) 26.2° +0.37 32.9°+0.75 25.2°+0.29

RR(resp./min) 21.0°+0.83 26.8°+1.86 17.7°+0.70

GV (I/min) 2.6" +0.06 3.4*+0.12 2.7° £0.03

*Within the same parameter, means follow by the same symbol don’t differ significantly at 5%probability
RT: rectal temperature; ST: skin temperature; RR: respiration rate; GV: gas volume

Changes in the physiological parameters of Saidi
goats with WCS tend to be similar to that of Saidi
sheep Species differences were only observed only in
the magnitude of the effect, being less in Saidi goats
than in sheep (Table 7). Species variation was
significant (P<0.05) for RR and GV, and insignificant

for RT, and species *time interaction. It seems that
both species withstand well winter cold stress (THI
around 50) and react well to the diurnal variation in
ambient temperature between day and night up to
20°C.

Table 7. Mean squares (MS) of changes in physiological parameters of Saidi sheep and goats with Winter

Cold Stress

. MS
Source of variation df RT ST RR GV
Species 1 1.05* 43.85 657.25** 5.5%*
Time 2 11.47** 1331.2** 2047.2** 17.29**
Species*time 2 0.06 3.65 27.56 0.002
Residual 224 0.21 14.7 83.6 0.51

*Significant at 5%, **significant at 1%.

RT: rectal temperature; ST: skin temperature; RR: respiration rate; GV :gas volume

CONCLUSIONS

Exposing Saidi sheep and goats to summer heat
stress (SHS) significantly raised their physiological
body parameters with the effect carry on up at 8pm.
When they were exposed to physical heat stress
(EHS) under direct solar radiation, their thermal
parameters sharply increased, and RR increased by
nearly five folds. Saidi sheep need to go to deep
breath to stand the environmental stressors such as
heat, solar radiation and physical exercise. Saidi
goats seems to stand the environmental stress of
Upper Egypt; better than Saidi sheep. Both sheep and
goats return to their normal physiological status at
night.

Winter cold stress at 4 am reduced the thermal
parameters of Saidi sheep and goats from its
comfortable zone at 2pm. Changes with WCS were
mainly in the thermal parameters rather than the
respiratory ones, in contrary to the heat stress, where
the main adaptive mechanism was through the
respiratory performance.

In Summary, Saidi sheep and goats adapt well to
the severe hot- dry conditions of Upper Egypt, even
with physical exercise, utilizing accelerating panting,
with incidence of deep breath in sheep. They further
with stand diurnal variation in ambient temperature

of more than 20°C, and cold winter stress that
prevailed in Upper Egypt.
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