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SUMMARY 

 
The present work aimed at investigating adaptation of local Wahati sheep (Farafra) and Wahati goats in the 

breeders’ flocks, to summer heat stress of desert oasis in the New Valley, Egypt. The study involved, 9 flocks 

from; El Dakhla, EL Kharga and El Farafra oasis. Total number of animals used in the study were 113 mature 

Wahati ewes and 100 mature Wahati does.  Animals were exposed to summer heat stress (SHS) under solar 

radiation, from 12 pm to 2 pm in July 2018 and 2019. During exposure to heat of 101.8 to 103.8, indicating 

that animals were under severely heat stressed. 
Exposing the animals to summer heat stress, significantly increased their physiological body parameters. 

Rectal temperature (RT) increased by 1.00 C; where skin temperature (ST) increased by 9.5 and 9.00 C, in only 

two species. These may be attributed to high intensity of solar radiation under desert oasis conditions. The 

major changes with SHS were in the respiratory rate (RR) as the main mechanism practiced by desert sheep and 

goats to get rid of the extra heat load through respiration. Accelerating RR, was not sufficient to cope with the 

severe heat stress load, so animals practiced deep breathing (increase gas volume); which was more 

recognizable in sheep than in goats. Species variation in response to heat stress can be attributed, to a great 

extent, to differences in their body size and coat thickness. The smaller the animal size, the lesser changes in 

their physiological body parameters with heat stress were noted. 
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INTRODUCTION  
 

The New Valley (NV) is the largest Governorate 

in Egypt, representing 44% of the country total area. 

It is located in the south west of Egypt, extended 

from Libya borders in the west to Nile Valley in the 

east, and from Matrouh Governorate in the north, to 

Sudan border in the south, it contains three of the 

largest desert oases in Egypt: Dakhla, Kharga and 

Farafra (Fig.1). The NV has a unique environmental 

conditions of hot temperature in summer (ambient 

temperature in the shade can reach 50
o
C), very cold 

nights in winter (below zero in some nights), scarce 

rainfall (2-10 mm/ annually) and high intensive solar 

radiation (8.4 kwh/m
2
), the highest value in Egypt 

(EMA, 2021& Fig 1). Diurnal variation in ambient 

temperature varied widely between day and night, 

often exceeds 20
o
C. Desert oases, being isolated for 

centuries, with severe environmental conditions, 

resulted in the modification of local Wahati  sheep 

and goats characteristics to adapt to such harsh 

conditions (Elshazley and Youngs, 2019), mostly at 

the cost of their low productivity. 

The prevailed agro-ecological conditions in the 

NV are; intensive agriculture system of more than a 

crop/year, with mixed crop-livestock production. 

Animal production depend on cut and carry of green 

fodder (Egyptian clover) in winter, Alfalfa and 

grazing crop residues fields in summer, in addition to 

supplement of concentrate feed. Rural community in 

the New Valley is livestock keepers, mainly sheep 

and goats, as the less susceptible animals to the 

prevailed harsh environmental stressors (Khalifa, et 

al., 2005). The severe climatic conditions are the 

major factors facing the development of local animal 

productivity in the hot dry desert oasis conditions. 

Ambient temperature may exceed the upper critical 

temperature of animals, beside scarcity of water and 

pasture, and intensive solar radiation. 

Prevailed Wahati sheep (Farafra), have narrow 

medium size body, medium size head with straight 

profile. Most of the rams are dehorned, white fleece 

with brown head and small ears (Fig. 2). The fat tail 

has wide base ended by cylindrical part. The animals 

have white body with brown head or fully white body 

(Elhamamsy et al., 2018, Elshazley and Youngs, 

2019 and Bashandy, et al., 2020). Wahati goats have 

small body with medium ears; both sexes are mostly 

horned, horns are relatively long spiraling out with 

upward inclination in males (Galal, et al., 2005, and 

El-Sayed, et al., 2016). Color is mostly black, but 

some lighter colors may found. The body is covered 

with long glossy hair. 

The present work aimed to investigate adaptive 

capability of local Wahati sheep and goats at the 

breeders ’flocks to summer heat stress, under direct 

solar radiation in the desert oases of the New Valley. 
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Fig. 1. Map of the study  area (Kharga ,Dakhala and Frafra Oasis), 

(Source: Kosmopoulos et al. ( 2018). Solar   Atlas of Egypt). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Wahati goats and Wahati sheep (Farafra). 

 

MATERIALS AND METHODS  
 

Experimental Animals: 

The study involved animals from nine breeders 

flocks (three flocks from each oasis) in the New 

Valley Governorate; Dakhla, Kharga and Farafra. 

Total number of animals covered by the study were 

113 mature Wahati ewes and 100 mature Wahati 

does (Table1). Animals fed on green fodder 

(Egyptian clover) in winter. In summer they fed 

Alfalfa, graze crop residues fields, second grade 

dates, and concentrate feed supplement in summer. 

 

 

Table 1. Number of Wahati sheep and Wahati goats enrolled  

Item 2018 2019 Total 

 sheep goats Sheep goats 

Location:      

  El Dakhla  oases  32 16 10 16 74 

  El Kharga oases 18 18 15 13 64 

   El  oases 20 20 18 17 75 

Total 70 54 43 46 213 
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During the study period (2018 - 2019), ewes and 

does from the breeder’s flocks were exposed to direct 

solar radiation from 12 pm to 2 pm in July. Dry bulb 

temperature (TDB), and relative humidity (RH) were 

measured at rest (7 am), and at exposure at treatment 

day, using dry thermometer and hygrometer. THI 

was calculated according to Hahn and Mader (1997): 

THI=((TDB*1.8)+32)-((0.55*(RH/100))*(TDB*1.8) 

+32)-58. It averaged 101.8 and 103.8 in 2018 and 

2019, respectively (Table 2), indicating that the 

animals were under severe heat stress, with variation 

between different oases. Metrological parameters, 

showed hotter and drier conditions in the south 

Kharga oasis; resulted in higher THI of 108.9 and 

110.0, in 2018 and 2019, respectively. 

 

Table 2. Meteorological information and THI  

Year AT* RH THI 

 At rest At exposure At rest At exposure At rest At exposure 

2019       

El Kharga 31.5 47.5 38.0 26.0 82.3 108.9 

El Dakhla 27.0 45.7 58.0 33.3 73.7 103.9 

El Farafra 26.7 44.7 26.3 16.3 90.3 107.6 

Overall 
27.7 

(25-38) 

45.8 

(42-49) 

42.7 

(24-70) 

25.2 

(14-40) 

80.9 

(69.7-94.8) 

106.5 

(100.9-112.1) 

2020       

El Kharga 33.0 48.0 40.0 25.5 84.1 110.0 

El Dakhla 32.0 43.5 58.0 47.0 79.5 96.9 

El Farafra 32.0 43.5 57.0 41.5 79.7 98.4 

Overall 
32.3 

(30-35) 

45.0 

(42-50) 

51.7 

(40-60) 

38.0 

(22-58) 

81.1 

(77.1-86.9) 

101.8 

(91.8-114.3) 

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

Physiological body parameters were measured, at 

rest (7am), and after exposure to summer heat stress 

(SHS) under direct solar radiation (2pm). The 

thermal parameters were: rectal temperature (RT, 
o
C) 

measured by clinical thermometer; skin temperature 

(ST, 
o
C), and ear temperature (ET,

o
C), measured by 

infrared thermometer (Menolita, Japan) . The 

respiratory parameters were: respiration rate (RR, res. 

/min), exhaled gas volume (GV, L/min) measured by 

dry gas meter (Harvard, UK) Animals were weighed 

before exposure to heat stress. 
 

Statistical analysis: 

Statistical analysis of variance was performed on 

the studied physiological body parameters, by SAS 

(2009), for the fixed effects of: location, year, body 

weight groups, and animal as random factor. 

Principle Component Analysis (PCA) was carried out 

using SPSS (2008) to investigate animal variation in 

response to SHS, and to identify high and low 

tolerant animals according to changes in their 

physiological parameters. Two components were 

retained for PCA that explained most of total 

variance (62%); thermal parameters (RT and ST) as 

component 1 and respiratory parameters (RR and 

GV) as component 2. 

 The model used for the statistical analysis was; 

Yijkl=  + Si + Lj + BWk+ eijkl where, 

Yijkl is the value of the studied parameter (RT, ST, 

RR and GV), 

 is the overall mean, 

Si is the fixed effect of i
th 

studied species, i= 1 to 2 

(1= sheep and 2= goats), 

Lj is the fixed effect of j
th

 location, j= 1 to 3 

(1=Dakhla, 2=Kharga and 3= Farafra), 

BWk is the fixed effect of k
th

 body weight groups 

and, k=1 to 8 (1=10-15, 2=16-20….and 8>45kg), and 

eijkl is the random error assumed NID (0, ) 

 Duncan test was used to compare means within 

the same category. 
 

RESULTS AND DISCUSSION  
 

Exposing local Wahati sheep and goats flocks to 

summer heat stress under solar radiation (SHS), 

significantly raised their physiological body 

parameters (Table 3). Rectal temperature increased 

by about 1.0±0.05
o
Cfor both sheep and goats, when 

exposed to summer heat stress. Skin temperature 

increased sharply by 9.5±0.36 and 9.0±0.38 
0
C, for 

Wahati sheep and goats, respectively. Changes in ST 

come up to 20
o
C for some animals from both species. 

These can be attributed to the very intensive solar 

radiation prevailed (Fig.1) on  increasing the 

vasodilation of skin capillary bed in enhancing blood 

flow to the skin, to facilitate heat transfer to the 

surroundings, as explained by Sejian, et al. (2018). 

There were also large changes in ET for both species, 

8.9 and 8.4
o
C for Wahati sheep and goats, 

respectively (ranged from 0.3 to 24.5 in sheep and 

from 0.9 to 22.8 in goats). 

The major changes detected in the studied 

physiological body parameters with exposure to SHS, 

were in the RR (179 and 151 %for sheep and goats, 

respectively), which is considered to be the main 

mechanism practiced by sheep and goats to get rid of 

the extra heat load. Panting is the major evaporation 

heat loss mechanism for sheep and goats species 
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(Robertshaw, 2006). Changes in RR is be 

recommended as main parameter to assess tolerance 

of desert sheep and goats to heat stress under 

extensive conditions. Davis, et al. (2003) stated that 

RR proves to be the most accessible and easiest 

technique for evaluating the impact of heat stress on 

farm animals under stress conditions. When 

accelerating respiration rate is not enough for the 

animal to cope with the severe heat stress, they 

practice deep breathing (increase their GV) to avoid 

alkalosis (Hales, 1969). This was more recognizable 

more with Wahati sheep than with Wahati goats.  

Similar species variation in the respiration 

mechanism to cope with heat stress, was reported by 

Aboul Naga, et al. (2011), for desert Barki sheep and 

goats. Barki sheep practiced more deep breathing to 

cope with the needed energy for physical exercise 

under heat stress, than Barki Goats. Mehaba, et al. 

(2021) reported significant increase in RR and GV in 

heat stressed dairy ewes, compared to that under 

thermo-neutral conditions.  

 

Table 3. Physiological body parameters of Wahati sheep and Wahati goats in the New Valley 

 Morning (7am) 

LSM±SE 

Noon (2pm) 

LSM±SE 

Changes 

LSM±SE 

Wahati sheep (N= 113) 

RT(
o
C) 

39.1b* ± 0.05 

(38.0-40.7) 

40.1a ± 0.05 

(38.9-41.7) 

1.0 ± 0.05 

(0.0-3.4) 

ST(
o
C) 

35.0b ± 0.17 

(30.1-38.3) 

44.5a ± 0.33 

(36.8-54.3) 

9.5 ± 0.36 

(1.0-20.8) 

ET(
o
C)* 

33.3b ± 0.38 

(27.6-37.9) 

42.3a ± 0.53 

(36.5-53.0) 

9.0 ± 0.73 

(0.3-24.5) 

RR(/min) 
27.7b ± 0.55 

(20.0-45.0) 

77.4a ± 2.19 

(40.0-140.0) 

49.7 ± 2.29 

(8.0-120.0) 

GV (l/min) 
2.5b ± 0.05 

(1.4-4.0) 

4.6a ± 0.11 

(2.4-8.2) 

2.2 ± 0.12 

(0.0-5.8) 

Wahati goats (N= 100) 

RT(
o
C) 

38.9b ± 0.04 

(38.0-40.5) 

40.0a ± 0.06 

(38.5-41.3) 

1.1 ± 0.06 

(0.0-2.6) 

ST(
o
C) 

35.5b ± 0.20 

(31.2-39.4) 

44.4a ± 0.39 

(38.5-58.9) 

9.0 ± 0.38 

(2.3-20.7) 

ET(
o
C)* 

33.5b ± 0.51 

(27.2-36.8) 

42.2a ± 0.67 

(36.4-51.0) 

8.6 ± 1.01 

(0.9-22.8) 

RR(/min) 
23.1b ± 0.43 

(17.0-36.0) 

57.9a ± 2.04 

(30.0-120.0) 

34.8 ± 2.06 

(4.0-100.0) 

GV (l/min) 
2.1b ± 0.05 

(1.0-3.4) 

3.9a ± 0.11 

(1.6-6.4) 

1.8 ± 0.10 

(0.0-5.2) 

*Within each parameter, estimates followed by the same letter don’t differ significantly from each other at P>5% 

RT: Rectal Temperature; ST: Skin Temperature; ET: Ear Temperature; RR: Respiration Rate; GV: Gas Volume. 

 

Analysis of variance of changes in the 

physiological body parameters with SHS, showed 

highly significant variation (P≥0.01) due to species, 

location, treatment, and body weight on RR and GV 

(Table 4). Data confirmed that respiration rate and 

type of panting (shallow or deep) were the main 

mechanism used by desert Wahati sheep and goats to 

tolerate severe heat stress. Respiratory and cutaneous 

cooling mechanism, are involved in dissipation of the 

extra heat load by vaporizing more moisture to the 

surroundings (Berman, 2006). With the extension of 

the three oases over large area of land, variation due 

to location (oasis) were also highly significant 

(P≥0.01), except for RT. Elkharga oasis, as the far 

south oasis, showed higher THI (ranged from 108-

114), and ambient temperature from 42-50
0 

C, with 

lower precipitation. 

 

Table 4. ANOVA for changes in physiological body parameters of Wahati sheep and goats with SHS 

Source of 

variation 
df 

MS 

RT ST ET RR GV 

Specie 1 0.92 21.8 1.9 11703** 8.1** 

Location 2 0.74 105.7** 1039** 9587** 20.7** 

Body weight 7 0.72* 9.52 25.1 2001** 3.0** 

Residual 202 0.29 10.2 17.2 370.9 1.1 

RT: Rectal Temperature; ST: Skin Temperature; ET: Ear Temperature; RR: Respiration Rate; GV: Gas Volume 

 

 Significant species variation in the changes of the 

physiological body parameters (mainly RR and GV) 

can be attributed, to a great extent, to differences in 

their body size. Mature Wahati ewes weighed in 

average 35.1 kg vs. 20.1 for Wahati does. Both 

breeds are considered small size breeds, within their 
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species ranges. They have wide variation in their 

body weight (Galal, et al., 2005). Generally, the 

smaller in size animals, the lesser changes in their 

physiological body parameters with SHS (Fig 3).  

The PCA distribution of Wahati sheep (Fig.4, 

left), Wahati goats (Fig.4, right), showed animals 

with the least changes in their physiological 

parameters (high tolerant animals) from both Wahati  

sheep and goats, are located in the 3
rd 

quarter (left 

down). While, low tolerant animals didn’t show clear 

trend in this regard, and scattered all over the four 

quarters. The studied physiological parameters 

identified well the high tolerance of Wahati sheep 

and goats, especially RR and GV parameters, but not 

for the low tolerant animals. Further physiological 

and genetic parameters are needed for the 

identification of low tolerant Wahati sheep and goats.  

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig (3) changes in physiological parameters of Wahati sheep and goats with their body weights.  
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Fig. 4. PCA distribution of Wahati sheep and goats according to the PCA. 

 

CONCLUSIONS  

Main changes in the physiological body 

parameters of Wahati sheep and goats, with summer 

heat stress, were significant increase in RR and GV, 

which were more profound in sheep than in goats. 

The intensive solar radiation increased sharply their 

ST and ET. The prevailed harsh environment, 

resulted in the modification of Wahati sheep and 

goats ’characteristics to tolerate, produce and 

reproduce successfully under the hot dry desert oasis 

conditions, at the cost of low growth rate, lower 

fecundity and high losses in young animals (Abdel 
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Sabour, 2021). Low body mass and metabolic 

requirement of animals are regarded as assets to 

minimize their maintenance and water requirements 

in areas where water and feed resources are limited 

by quantity and quality (Silanikove, 

2000).Management practiced by the breeders in the 

NV, to cope with the severe environmental 

conditions of the desert oasis, is  merely shedding the 

animals at noon in summer, and confine them in 

winter nights (Abdel Sabour, 2021).. 

The present finding of high capability of Wahati 

sheep and goats to stand the very harsh conditions of 

the desert oasis, make them genuine animals in 

tolerating summer heat stress under intensive solar 

radiation. More investigations on their phenotypic 

and genetic characteristics in relation with their 

adaptive capacity to such harsh conditions are 

needed. Furthermore, wide intra-species variation, 

encourage the practice of intensive selection within 

their indigenous populations, for genetically adapted 

animals to severe desert climate conditions.  
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 بمصر الجذَذ بالىادي الصحراوَت الىاحاث لظروف الىاحاتً والماعس الأغىام لقطعان التكُفُت القذرة
 

محمىدأبىالىجا عادل
1

عبذالخالك ،طارق
1

حُذر محمد  ،
1

حمذون ،حاتم
2

أبىزَذ ،جمال
1

عبذالصبىر طه ،
1

الشافعٍ حسه محمد ،
1 

 

 الخارجت الجذَذ، الىادٌ محافظت ،الجذَذ الىادي جامعت -2 ،قاهرةال السراعُت، البحىث مركس الحُىاوٍ، الإوتاج بحىث معهذ-1

 

 انحرار٘ الإجٓبد انًربٍٛ،يغ قطؼبٌ فٙ ٔانًبػسانٕاحبحٙ انفرافرة( أٚعًب )حسًٗ انٕاحبحٙ الأغُبو حكٛف دراست إنٗ انحبنٙ انؼًم ٚٓذف     

 ػذد بهغ ٔانفرافرة(. ٔانخبرجت )انذاخهت رئٛسٛت. ٔاحت كم يٍ 3 طؼبٌ،ق 9 ػهٗ انذراست اشخًهج انجذٚذ. انٕاد٘ فٙ انصحرأٚت نهٕاحبث انصٛفٙ

 ححج انصٛفٙ انحرار٘ نلإجٓبد انحٕٛاَبث حؼرظج َبظجت. ٔاحبحٗ ػُسة 111 ٔ َبظجت ٔاحبحٗ َؼجت 113 انذراست شًهخٓب انخٗ انحٕٛاَبث

 دنٛم يخٕسػ انخؼرض،بهغ فخرة خلال انظم ححج (THI) .1119 ٔ 1112 ٕٚنٕٛ ظٓرًا 1 حخٗ ظٓرًا 11 انسبػت يٍ انًببشر، انشًس إشؼبع

 قٛى ٔجٕد شذٚذ،يغ حرار٘ اجٓبد ححج كبَج انحٕٛاَبث أٌ إنٗ يشٛرة انخٕانٙ ػهٗ , انذراست سُخٙ ،خلال 113.2 ٔ 111.2 ٔانرغٕبت انحرارة

 انخٕانٙ(. ػهٗ 111 ٔ 119)  انخبرجت ٔاحت فٙ اػهٗ

 درجت 1.1 بًقذار انًسخقٛى حرارة درجت زادث انفسٕٛنٕجٛت. انجسى يقبٚٛس فٙ كبٛرة زٚبدة إنٗ انصٛفٙ انحرار٘ نلإجٓبد َبثانحٕٛا حؼرٚط أدٖ

 ػهٗ انُٕػٍٛ كلا فٙ يئٕٚت درجبث 9.1 ٔ 9.9 بًقذار حبد بشكم انجهذ حرارة درجت زادث حٛث انٕاحبحٙ. ٔانًبػس الأغُبو يٍ كم فٙ يئٕٚت

 يؼذل فٙ كبَج انحرار٘ نلإجٓبد انرئٛسٛت انخغٛٛراث انصحرأٚت. انٕاحبث ظرٔف ظم فٙ انشًسٙ الإشؼبع شذِ إنٗ رنك سٖٚؼ أٌ ًٚكٍ انخٕانٙ.

 لا ْٔٙ انخُفس، يؼذل حسرٚغ ْٕ انسائذ انحرار٘ انحًم يٍ نهخخهص انصحرأٚت ٔانًبػس الأغُبو حًبرسٓب انخٙ انرئٛسٛت اٜنٛت كبَج انخُفس،حٛث

 انٕاحبحٙ الأغُبو فٙ ؛ٔرنك ( انخُفس غبزاث حجى )زٚبدة انؼًٛق انخُفس انحٕٛاَبث يًبرسّ انٙ اد٘ انشذٚذ،يًب انحرار٘ لإجٓبدا يغ نهخؼبيم حكفٙ

 انصحرأٚت ٔانًبػس الأغُبو ححًم يذ٘ نخقٛٛى ٔحٛذ كًؼبيم انخُفس يؼذل فٙ انفرد٘ انخببٍٚ اسخخذاو ًٔٚكٍ انٕاحبحٙ. انًبػس فٙ يُٓب أكثر

 انًربٍٛ. ظرٔف ححج رار٘انح نلإجٓبد

 الأغُبو ٔزٌ يخٕسػ بهغ ٔغطبئّ. انجسى حجى فٙ الاخخلافبث كبٛر،إنٗ حذ إنٗ انحرار٘ نلإجٓبد  ٔالأغُبو انًبػس اسخجببتً  اخخلاف ٚؼُسٖ أٌ ًٚكٍ

 حغٛرا الاقم ْٙ حجًب الأصغر ٕاَبثانحٛ انُٕػٍٛ. داخم ٔاسغ حببٍٚ يغ انًخٕسػ، فٗ كجى 11 انٕاحبحٗ يبػس ٔزٌ كبٌ بًُٛب كجى 39  انٕاحبحٗ

 انحرار٘. الإجٓبد يغ انفسٕٛنٕجٛت يؼبٚٛرْب فٙ

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 


