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Department of Animal and Veterinary Sciences, Faculty of Agricultural and Food Sciences, American University of Beirut, Riad el Solh 1107-2020, Beirut, Lebanon; 2 INRA UMR 791 MoSAR, 16 rue Claude Bernard, 75005 Paris, France; and 3AgroParisTech, UMR 791 MoSAR, 16 rue Claude Bernard, 75005 Paris, France. Received 29 November 2013, accepted 23 January 2014. Published on the web 5 February 2014. Chedid, M., Jaber, L. S., Giger-Reverdin, S., Duvaux-Ponter, C. and Hamadeh, S. K. 2014. Review: Water stress in sheep raised under arid conditions. Can. J. Anim. Sci. 94: 243257. Sheep breeds which are indigenous to arid and semi-arid regions are known for their ability to adapt to rustic environments, to climatic variations as well as to shortages in resources. Water scarcity, often combined with heat stress, is a common challenge facing these animals, causing physiological perturbations and affecting the animal’s productivity. This review reports the effect of different forms of water stress on physiological indicators, blood parameters, thermoregulation and immunological status in sheep. Although the breed effect may be significant, the following are generally observed common responses: drop in feed intake and weight loss, increase in evaporative cooling through panting, production of a small volume of highly concentrated urine, haemoconcentration, high blood osmolality, and immunosuppression. Prolonged water shortage may affect lamb birth weight and survival, and lead to a decrease in milk production, especially in non-adapted breeds, which could lead to important economic losses, as reported in heat-stressed sheep husbandries. Novel stress alleviation approaches are also presented, such as vitamin C supplementation. Key words: Arid regions, dehydration, immunosuppression, physiology, sheep, thermoregulation Chedid, M., Jaber, L. S., Giger-Reverdin, S., Duvaux-Ponter, C. et Hamadeh, S. K. 2014. Stress hydrique chez les moutons e´leve´s sous conditions arides : une revue de la litte´rature. Can. J. Anim. Sci. 94: 243257. Les races de moutons indige`nes aux re´gions arides et semi-arides sont reconnues pour leurs habilete´s a` s’adapter aux environnements rustiques, aux variations climatiques ainsi qu’aux pe´nuries de ressources. Le manque d’eau, souvent combine´ au stress thermique, est un de´fi commun auquel ces animaux font face, causant ainsi des perturbations physiologiques et ayant un effet sur la productivite´ de l’animal. Cette revue de la litte´rature rapporte les effets de diffe´rentes formes de stress hydrique sur les indicateurs physiologiques, les parame`tres sanguins, la thermore´gulation et l’e´tat immunologique chez les moutons. Bien que l’effet de la race a un impact significatif, les suivantes sont des re´ponses ge´ne´rales commune´ment observe´es : baisse de prise alimentaire et perte de poids, augmentation du refroidissement e´vaporatif par polypne´e, production d’un petit volume d’urine fortement concentre´e, he´moconcentration, forte osmolalite´ sanguine et l’immunosuppression. Une pe´nurie d’eau prolonge´e peut avoir un effet sur le poids a` la naissance et la survie des agneaux et me`ne a` une diminution de la production de lait, surtout chez les races non adapte´es. Ceci pourrait se solder par d’importantes pertes e´conomiques telles que celles rapporte´es dans les e´levages de moutons qui subissent le stress thermique. De nouvelles approches pour l’alle´gement du stress sont aussi pre´sente´es, telles que les supple´ments de vitamine C. Mots cle´s: Re´gions arides, de´shydratation, immunosuppression, physiologie, moutons, thermore´gulation



Sheep production is a major economic activity in the arid and semi-arid regions of the globe. Sheep can make use of low-quality biomass in times of scarcity and transform it into useful products, such as milk, meat and wool. Native sheep breeds in arid and semi-arid areas demonstrate better performance under harsh environmental conditions than their non-native counterparts. Therefore, proper breed selection is a very valuable tool for sustaining animal production under an increasingly challenging environment (Silanikove 1992; Inˇiguez 2005). 4
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Water scarcity is a growing problem in arid and semiarid regions with global warming and changing patterns of rainfall, which limit water resources and affect feed quality and quantity in addition to increasing heat stress. This challenging situation causes a wide array of physiological responses in sheep with a negative impact on production, immunity and welfare (Barbour et al. 2005; Jaber et al. 2011). The objective of this review is to highlight the physiological and immunological changes in sheep when faced with water restriction, and in particular their Abbreviation: FFA, free fatty acid 243
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responses during pregnancy and lactation. The additional burden of heat stress is also considered as well as the novel approach of vitamin C supplementation to alleviate water stress. SHEEP BREEDS ADAPTED TO ARID AND SEMI-ARID REGIONS Sheep breeds differ in their capacity to overcome water shortages; the desert bighorn sheep (Ovis canadensis nelsoni) can withstand water deprivation for up to 15 d (Farid et al. 1979; Turner 1979), while the Barki sheep in Egypt could not withstand 3 d without drinking (Farid et al. 1979). Reports on other breeds like the Awassi (Jaber et al. 2004), Yankasa (Aganga et al. 1989), Merino (MacFarlane 1964) and Barbarine sheep (Ben Salem et al. 2011) lie between these two extremes. Dehydration corresponds to a negative water balance, which means that the water inputs (water drunkwater in the feedmetabolic water linked to the oxidation of carbohydrates, protein and fat) are lower than water outputs (urinary waterfaecal waterwater lost by evaporation from both the skin and respiratory tract). In order to avoid dehydration, sheep resort to various forms of adaptation. At the behavioural level, nocturnal feeding has been documented in bighorn sheep (Dwyer 2008); by foraging at night, sheep minimize their exposure to high thermal loads, reducing the need for evaporative cooling and thereby minimizing water loss. In the same way, sheep seek the protection of shelters and cool microclimates, when available, to hide from solar radiation during the day (Cain et al. 2005). Timing reproductive events may be affected by dehydration; water-stressed animals often decrease feed intake, which is reported to cause retardation of ovarian follicular growth (Blanc et al. 2004). In arid and semi-arid regions (in the northern hemisphere), where differences in daylight, as well as in food and water availability, are well defined, the breeding season usually spans from June to November (Amoah et al. 1996; Hamadeh et al. 1996). Consequently, lambing mostly occurs between February and April, when food and climate become more favourable for newborn survival and for dam milk production. Morphological adaptations are also observed in sheep adapted to arid and semi-arid regions. Fleece type (Eyal 1963) and colour (Kay 1997) contribute to protection against heat and minimize water lost due to evaporative cooling. Indigenous breeds in arid and semi-arid areas such as the Marwari (Narula et al. 2010), Omani (Mahgoub et al. 2010), Barbarine (Ben Gara 2000) and Awassi sheep (Gootwine 2011) all have carpet-type wool. This type of wool, as compared with denser wool types, seems to confer protection from solar radiation while at the same time allowing effective cutaneous evaporative cooling (Mittal and Gosh 1979; Rai et al. 1979; Cain et al. 2006). In comparison, hair-type sheep seem to be less thermoresistant under hot conditions when compared with their wool-bearing counterparts



(Symington 1960). In contrast, under tropical conditions of high temperature and high humidity, McManus et al. (2009) concluded that hair-type sheep were better adapted than wool-type breeds. Moreover, a light coloured fleece allows better reflection of solar radiation thus keeping the skin underneath relatively cooler compared with darker fleeces (Cain et al. 2005; McManus et al. 2009). Another anatomical characteristic of indigenous sheep breeds from arid and semi-arid regions is the fat-tail. This external localization of the fat allows better heat dissipation from the rest of the body (Degen and Shkolnik 1978), since the body will become less insulated by the fat tissue. In addition, the fat stored in the tail represents an energy store that can be mobilized in times of dietary shortfall (Chilliard 2000; Atti et al. 2004). The concept of the fat-tail as a store of metabolic water has been questioned (Epstein 1985), and it is now believed that its main role is to supply energy whenever dietary energy intake is insufficient, which results in some metabolic water formation that could partially help in filling the animal’s water requirements. The contribution to water intake that could be derived from metabolic sources was found to be around 8.5% in Yankasa sheep (Aganga 1992), while others reported a contribution of up to 15% in sheep in general (Sileshi et al. 2003). This contribution is affected by the level of reliance on the catabolic mobilization of body fat and protein tissue (Sileshi et al. 2003). At the physiological level, water-stress-adapted sheep show a high capacity to concentrate urine. This is accomplished by the kidney, which has a thick medulla (Schmidt-Neilson and O’dell 1961) that can produce highly concentrated urine of up to 3900 mOsm L1 in the bighorn desert sheep (Horst and Langworthy 1971; Turner 1973) and 3244 mOsm kg 1 in the Awassi sheep (Laden et al. 1987) as compared with values around 769 mOsm kg1 in urine of Awassi watered ad libitum (Degen 1977). At the same time, faecal water losses are minimized, as dehydration leads to slower feed transit in the digestive tract leading to greater water reabsorption and dryer faeces (Robertshaw and Zine-Filali 1995). The rumen plays an equally important role in water conservation in arid-adapted animals whereby it can act as a water reservoir to replenish the lost volume in the blood. Rehydration of water-deprived adapted sheep activates a coordinated chain of events from the rumen, the kidneys and the salivary glands, under hypothalamic control, to preserve the water, restore homeostasis and appetite, and prevent water toxicity. These processes are described by Silanikove (1994). Finally, arid-adapted animals may allow small increases in body temperature during the hottest parts of the day, followed by body cooling at night through conduction and radiation. The capacity to tolerate this increase in body temperature means that less water is needed for evaporative cooling (Kay 1997).
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PHYSIOLOGICAL CHANGES IN RESPONSE TO WATER STRESS



although a weight loss of up to 17% would be expected (Karnib 2009).



Feed Intake and Body Weight Feed consumption is highly related to water intake (Silanikove 1992). An adequate level of water intake is necessary for proper digestive function (Hadjigeorgiou et al. 2000). In contrast, Kay (1997) states that drinking water is not needed for swallowing and moistening feed, since water can be circulated from the blood to maintain high salivation; it is, however, needed to replace the inevitable water loss by excretion and evaporation. When Awassi sheep experienced a 3- to 4-d intermittent watering regimen voluntary feed intake was reduced to approximately 60% of controls (Jaber et al. 2004; Hamadeh et al. 2006). The effect of this reduction in feed intake caused by dehydration is dependent on the type of feed that is available for the animals. Van der Walt et al. (1999) observed that sheep kept on a low protein diet and subjected to water restriction showed a smaller reduction in feed intake as opposed to those given a medium protein diet, and they had better urea recycling through the digestive tract. However, the group on low protein had a slightly lower growth rate than the medium protein group. Similarly, waterrestricted desert goats fed low-quality forage lost more weight than their well-fed counterparts (Ahmed Muna and El Shafei Ammar 2001). Therefore, the negative effect of water restriction is more pronounced when sheep are kept on low- versus high-quality forage (Morand-Fehr 2005). Because of this relationship, it is often difficult to differentiate the effects of water restriction, per se, from those due to low feed intake. Pulina et al. (2007) suggested that feed restriction of 50% for a period of only 3 d is enough to cause metabolic changes in lactating dairy Sarda ewes. Prolonged reduction in feed intake may eventually affect the reproductive potential of sheep (Rhind and McNeilly 1986; Maurya et al. 2004) and, consequently, reduce production. The direct consequence of water restriction and the associated decrease in dietary intake is a reduction in body weight (Jaber et al. 2004, 2011; Hamadeh et al. 2006). Part of the reduction in weight is due to body water loss, while the other part is caused by the consequent mobilization of fat (and possibly muscle) used for energy metabolism to compensate the decrease in dietary intake (Jaber et al. 2004) and rumen fill is also reduced due to the decrease in feed intake. Furthermore, it was observed that water restriction leads to more weight loss than feed restriction alone (Ahmed Muna and El Shafei Ammar 2001; Chedid 2009; Karnib 2009). The decrease in body weight in the Awassi sheep is aggravated at peak lactation, high ambient temperature and in young animals (Hamadeh et al. 2006; Jaber et al. 2011). Moreover, dry mature Awassi ewes can tolerate a 3-d intermittent watering regimen for a month or more,



Blood Chemistry Dehydration in warm weather leads to haemoconcentration as highlighted by increased haemoglobin and packed cell volume levels (Li et al. 2000; Ghanem 2008), although some authors reported no variation in these parameters in water-restricted sheep (Igbokwe 1993; Jaber et al. 2004). More consistently, serum protein and albumin are reported to increase (Jaber et al. 2004; Alamer 2005; Casamassina et al. 2008; Ghanem et al. 2008; Hamadeh et al. 2009) due to the decreased blood volume (Cork and Halliwell 2002). However, albumin and protein levels tend to decrease after prolonged water restriction (Hamadeh et al. 2006; Ghanem et al. 2008), which reflects dietary deficiency. Serum albumin serves as a labile protein reservoir providing a readily available source of amino acids until an alternative source is secured through diet or by mobilizing body sources such as skeletal muscle (Moorby et al. 2002). Albumin also plays an important role in osmoregulation and fluid movement control between different body compartments since it is a major contributor to blood colloid osmotic pressure; for this reason the rates of albumin breakdown and synthesis are regulated in response to dehydration to maintain normal colloid osmotic pressure and fluid distribution (Burton 1988). Water stress causes a decrease in urine output and the production of dry faeces controlled, respectively, by vasopressin and increased water reabsorption from the gastro-intestinal tract (Olsson et al. 1997). Under these conditions, the transfer function of the kidney is altered (Kataria et al. 2007) with slower glomerular filtration and higher urea reabsorption (Silanikove 2000). Consequently, the levels of urea and creatinine in blood are increased (MacFarlane et al. 1964; Laden et al. 1987; Igbokwe 1993; Jaber et al. 2004). However, upon prolonged water restriction and reduced feed intake, urea levels may start to decline reflecting an increase in urea recycling into the gut (Igbokwe et al. 1993; Marini et al. 2004), so it can be used as a nitrogen source by rumen microflora. Another consequence of decreased blood volume and increased renal retention is hyperosmolality as well as an increase in electrolyte concentrations (Qinisa et al. 2011), mainly sodium, Na , and chloride, Cl  (Rawda 2003; Ghanem 2005; Hanna 2006). The chain of events activated under dehydration, in order to preserve homeostasis, is described by Silanikove (1994): renal water and Na  retention is increased, while saliva production is reduced; to compensate for lost water, the animals mobilize the water from the rumen and the digestive tract; water movement is achieved through active transport of Na  across the rumen wall; this ruminal fluid is hyperosmotic therefore the excess Na  is reabsorbed by the kidneys and recycled through saliva, to preserve the
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blood Na levels. Rehydration in water-deprived sheep is equally challenging since they can drink a large volume of water in one bout, therefore risking haemolysis. However, adapted animals respond by producing large volumes of hypotonic saliva (Dahlborn and Holtenius 1990; Silanikove 1994) that channels the excess water in the blood back to the rumen. At the same time it is important that the animal minimizes the loss of this water, since the next watering may be days away; therefore kidney water retention is maintained immediately after rehydration. Finally, in order to keep body fluids at the correct tonicity, appetite is activated to ensure that Na  and energy requirements are met to restore normal transport of water and electrolytes across different body compartments. Fat Mobilization As previously mentioned, along with restricted water intake comes a reduction in feed consumption, leading to undernutrition. In order to compensate for the energy shortfall, sheep mobilize body reserves. Subcutaneous fat is mobilized first, but when energy deficiency is lengthy, native breeds turn to their specialized fat depots such as the fat-tail. The fat-tail adipocytes deposit fat when feed is available and fat mobilization was demonstrated in energy deficient Barbarine (Atti et al. 2004) as well as the Awassi sheep (Jaber et al. 2011), thus buffering fluctuations in dietary intake. Increased cholesterol levels are another indicator of fat mobilization in water-restricted sheep such as the Awassi (Jaber et al. 2004; Hamadeh et al. 2006) and Yankasa ewes (Igbokwe 1993). This reflects a deficit in dietary energy intake leading to body fat mobilization. Similarly, free fatty acid (FFA) levels were reported to increase in Awassi (Ghanem et al. 2008; Jaber et al. 2011) and the Sudanese desert sheep (Abdelatif and Ahmed 1994) indicating that fat is being mobilized from adipocytes to be used as fuel (Varady et al. 2007).



Results of different experiments describing the effect of intermittent watering supply on changes in fat mobilization parameters in Awassi ewes are summarized in Table 1. These findings show the significant increase in cholesterol and FFA, while glucose levels remained practically the same between water-restricted and control groups. Interestingly, the variations in energy intake following water restriction do not appear to be consistently mirrored by changes in glucose levels. Most reports indicated no significant variation in glucose levels in water-restricted sheep (Igbokwe 1993; Jaber et al. 2004; Casamassima 2008; Ghanem et al. 2008). Moreover, Ahmed and Abdelatif (1994) observed a direct relationship between plasma glucose and dry matter intake in feed- and water-restricted sheep. In ruminants, dietderived volatile fatty acids are the main source of energy; however, glucose is needed for key processes in the body, hence the importance of maintaining blood glucose at a constant level (McDowell 1983). Additionally, insulin and leptin concentrations, key hormones in energy metabolism, tended to decrease in water-restricted Awassi ewes (Jaber et al. 2011). Low insulin levels are thought to facilitate lipolysis (Vernon 1992) needed to compensate the dietary energy shortfall. Leptin levels are usually related to animal fatness; indeed, fat-tail adipocyte diameter is strongly correlated to leptin in water-restricted Awassi sheep (Jaber et al. 2011). According to Chilliard et al. (2000, 2005), the decrease in leptin activates a mechanism that will eventually control lipolysis to prevent FFA from reaching toxic levels; at the same time, this will ensure the preservation of fat stores for longer survival under conditions of fluctuating feed availability. Thermoregulation Thermoregulation under water restriction is of particular importance since, in sheep, evaporation is the



Table 1. Effect of different water restriction regimens on fat mobilization in non-lactating Awassi ewes Fat mobilization parameters Water regimen



Age of animals



Free fatty acid



Cholesterol



Glucose



Reference



2-d restriction 3-d restriction



Mature Mature 12 yr Mature Mature 2 yr Mature Mature Mature



    Increase* Increase* No change  Increase*



No change Increase* Increase* Increase* Increase* No change No change Increase* Increase*



No change No change Increase*     No change No change



Jaber et al. (2004) Hamadeh et al. (2006) Karnib (2009) Karnib (2009)z Chedid (2009)z Jaber et al. (2011) Jaber et al. (2011) Jaber et al. (2004) Ghanem et al. (2008)



4-d restriction 1L on day 4 and 3L on day 8 of 12-d water restriction z



Comparisons were made between the initial values of day 0 before the initiation of the experiment (Control) and the means of values obtained under water restriction (water restricted). For all other experiments, the comparison was between separate water restricted and control groups that were included in the experiment. *Indicates significant differences at PB0.05.
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major route of heat dissipation, at a time when the animal is challenged to maximize water preservation. It is estimated that 60% of heat is lost by respiratory evaporation and 40% through cutaneous evaporation (Brockway et al. 1965; Jenkinson 1972). The thermoregulatory aptitude of sheep to react to different environmental conditions varies according to the breed and its capacity to tolerate heat or cold (Degen and Shkolnik 1978; Srikandakumar et al. 2003). Thermoregulation traits include respiration rate, rectal (core) temperature, thyroid activity and water and feed consumption (Bhattacharya and Hussain 1974), which will be discussed in the following sections.



Evaporative Cooling Sheep in semi-arid regions need to adopt special physiological functions to sustain thermal equilibrium (Maurya et al. 2004). Under neutral environmental temperature (128C), sheep lose about 20% of their total body heat through respiratory moisture; this rate increases to about 60% at an ambient temperature of 358C (Thompson 1985), which sometimes leads to respiratory alkalosis due to increased respiratory rate (Cain et al. 2006). Hales (1973) observed that sheep could maintain normal respiratory and cardiovascular functions when subjected to mild heat stress, while severe hyperthermia greatly affected the respiratory function, although cardiovascular activity remained mildly altered. When dehydrated, arid-adapted sheep (and goats) tend to reduce their thermoregulatory evaporative cooling mechanisms (panting and sweating) in order to maintain their body water and prevent further dehydration (Baker 1989; McKinley et al. 2009). McKinley et al. (2009) reported that water-deprived sheep have a slow panting rate that increases twofold after rehydration. Different breeds demonstrate different panting and sweating rates reflecting different adaptive potential to tolerate heat stress. Alamer and Al-hozab (2004) observed that the Awassi and Najdi sheep could tolerate water deprivation, with the Awassi demonstrating a better capacity at water conservation under heat stress, through a lower sweating rate, than Najdi sheep. In a comparative study, Rai et al. (1979) found that breeds with denser fleece, such as the Rambouillet, were less effective in heat dissipation through cutaneous evaporative cooling and had to rely more on respiratory cooling; furthermore, in this breed, sweating started at lower environmental temperatures than in adapted breeds such as the Chokla, leading to higher water losses. Unlike the camel (Schmidt-Neilsen et al. 1956), dehydrated sheep and goats shift to preferential heat dissipation through the respiratory path rather than by sweating (Hales and Brown 1974; Baker 1989; Robertshaw 2006). It was suggested that this may be a way of obtaining evaporative cooling of the brain area while minimizing total water losses in dehydrated
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animals (Robertshaw and Dmi’el 1983). In fact, Fuller et al. (2007) concluded that dehydration leads to selective brain cooling, which is usually followed by inhibition of evaporative heat loss thus preserving body water. Selective brain cooling is probably achieved by transferring heat from arterial blood in the carotid to the venous blood cooled by respiratory evaporation in the nasal passages (Taylor and Lyman 1972; Cain et al. 2006; Fuller et al. 2007). Brain cooling maybe also responsible for the observed temporary hyperthermia that is often reported in dehydrated sheep, activated by the hyperosmolality observed in dehydrated animals (Fuller et al. 2007). This could allow for temporary heat storage at peak day temperatures, followed by passive body cooling at night when ambient temperatures drop (Alamer and Al-hozab 2004). This adaptive feature, allows the maintenance of homeothermy while minimizing water loss (Silanikove 1992) by increasing the core temperature threshold and delaying the time at which evaporative cooling mechanisms are activated (Cain et al. 2006). As observed in desert-adapted goats (Ahmed and ElKheir 2004), water lost through panting for evaporative cooling is compensated for by an increased capacity to conserve water through the production of small volumes of highly concentrated urine. To achieve this, sheep resort to high Na  and water retention in the kidneys. More and Sahni (1978) reported that dehydrated sheep maintained positive balances for cations, particularly K , based on the comparison of electrolytes input through feed and water and their output through faeces and urine. The highly positive K  balance led them to conclude that it is being lost through sweating, since it cannot be stored in the body, in order to maintain osmotic pressure and acid-base balance within different body fluid compartments. Therefore, cutaneous evaporative cooling also plays a role in maintaining electrolyte and acid-base balance under arid conditions.



Rectal Temperature Sheep are homeotherms (MacFarlane 1964; Degen 1977); they try to maintain their body temperature within a fixed range even under harsh climatic conditions. Normal rectal temperatures range between 38.3 and 39.98C under thermo-neutral conditions, but when exposed to heat stress (3338.58C), the rectal temperature increases significantly and when surrounding temperatures exceed 428C, it becomes life threatening to the sheep (Marai et al. 2007). A high variation (increase) in rectal temperature indicates lack of thermal equilibrium and increased water ingestion in order to replace evaporative losses (Mohamed and Johnson 1985); it also involves a marked reduction in feed intake and will negatively influence reproductive function of the sheep (Eltawill and Narendran 1990). Reports on the effect of water restriction on rectal temperature in sheep are not consistent. While some
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(Ghanem et al. 2005, 2008; Sevi et al. 2009) reported that dehydration was found to cause an increase in rectal temperature in sheep, others (MacFarlane 1964; Degen 1977; Jaber et al. 2004; Hamadeh et al. 2006; Chedid 2009) found that sheep, such as the Awassi, retain thermostability even under water suppression. On the other hand, Ahmed and Abdelatif (1994) pointed out that dehydration causes a slight decrease in rectal temperature, while reduced feed intake considerably reduces it, especially when combined with a reduction in water intake. When studying the effect of water deprivation on unshorn sheep, McKinley et al. (2009) found that the core temperature was maintained during the first day (24 h) of dehydration, but a significant increase was noted on the second day without water. Table 2 shows that Awassi sheep can maintain their core temperature under different water restriction regimens. However, when subjected to water limitation combined with high ambient temperatures, this breed displayed a significant increase in its rectal temperature supporting the hyperthermia hypothesis mentioned above.



Thyroid Activity Thyroid hormones, T3 and T4, play a major role in thermoregulation and metabolic homeostasis of energy and proteins, as well as in the metabolic response of animals to different nutritional and environmental conditions (Huszenicza et al. 2002; Latimer et al. 2003; Thrall 2004). Levels of T3 and T4 were found to decrease in water-limited healthy Marwari, non-lactating Awassi ewes and Butana desert rams (Abdelatif and Ahmed 1994; Kataria and Kataria 2006; Jaber et al. 2011); this effect was reversed upon rehydration in Marwari sheep (Kataria and Kataria 2006). The reduction in thyroid hormone activity under dehydration is associated with the animal’s attempt to minimize water losses by reducing general metabolism (Nazifi et al. 2003; Kataria and Kataria 2007). It also reflects the reduction in feed intake since T3 and T4 were reported



to decrease in feed-restricted pregnant Whiteface Western ewes (Ward et al. 2008), while T4 increased following the afternoon meal in water-restricted Butana rams (Abdelatif and Ahmed 1994). The decrease in thyroid activity is further reinforced under heat stress (Hamadeh et al. 1994; Khalifa et al. 2002). In arid adapted animals, changes in thyroid activity may be affected more by the physiological activity (pregnancy or lactation) of the animals than by seasonal changes in temperature as has been noted in Awassi and Finn  Texel Awassi sheep (Hamadeh et al. 1994). Furthermore, the authors noted the importance of the production system under which the animals are raised, whereby extensively raised animals of both breeds were shown to be less sensitive to ambient heat than their intensively raised counterparts due to better adaptation to the environmental conditions. Bernabucci et al. (2010) further described the importance of metabolic and hormonal acclimation to heat stress in order to limit its negative consequences. Many aspects of thermoregulation in situations of dehydration remain to be studied. In a recent review, Alamer (2011) noted that prolactin is a hormone that is found to be increased in blood in response to heat stress. In this review, the author summarizes the role of prolactin in thermoregulation including its possible effects on fluid balance and distribution in hydrated and dehydrated animals, modulation of sweat gland activity, regulation of seasonal pelage growth, etc. Research on this topic will be valuable in understanding how different sheep cope with the combined effects of heat and dehydration. Immunosuppression In general, immune response and stress are negatively correlated. Exposure to stressful environmental conditions can modify a host’s resistance by affecting its immune system, mainly through the mediation of immunosuppressant hormones such as glucocorticoids (Ewing et al. 1999). Although it is obvious that water stress, as any other form of stress, would cause perturbations in the



Table 2. Effect of water restriction on rectal temperature of Awassi sheep Average rectal temp. (8C) Water restriction regime 2-d-restriction 3-d-restriction 4-d-restriction 1L on day 4 and 3L on day 8 of 12-d water restriction 1L on day 4 of 7-day water restriction



Water restricted



Control



Age



Ambient temp. (8C)



Reference



39.490.06 39.490.14 38.690.15 39.5*90.05 39.590.06 40.0*90.25 39.8*90.10



39.490.06 39.290.14 38.690.15 39.490.05 39.490.06 39.490.10 39.590.10



Mature Mature Mature Mature Mature Mature Mature



1532 2730 2328 2731 1532 2535 2333



Jaber et al. (2004) Chedid (2009)z Karnib (2009)z Hamadeh et al. (2006) Jaber et al. (2004) Ghanem (2005) Chedid et al. (unpublished)



*Means within a same experiment with (z) are significantly different P B0.05. z Comparisons were made between the initial values of day 0 before the initiation of the experiment (Control) and the means of values obtained under water restriction (water restricted). For all other experiments, the comparison was between separate water restricted and control groups that were included in the experiment.
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general health status and welfare of the animal, research dealing with the effect of dehydration and immunity is very limited. This might be due to the fact that sheep native to arid regions, where occasional water shortages are most common, are known to be well-adapted to dehydration, thus directing scientists’ attention to other research topics. The effect of heat stress on sheep immunity, milk production as well as udder health was reviewed by Sevi and Caroprese (2012): heat stress reduced cellular immunity by decreasing cellular proliferation. The mechanism of action is unclear and may involve heat shock proteins, altered cytokines profiles as wells as changing cortisol levels. Sevi et al. (2009) reported a severe drop in immunity in ewes exposed to high ambient temperatures; this immuno-reduction was accompanied by a significant mineral imbalance and an increase in milk neutrophil levels, and higher counts of Staphylococci, coliforms and Pseudomonas, thus showing how heat stress can negatively influence both an animal’s health and milk quality. In 2004, Barbour et al. studied the effect of water restriction on the humoral antibody response of Awassi ewes to Salmonella Enteritidis; they found that immunity in the dehydrated animals was significantly lower than in Awassi receiving water 24 h a day. Moreover, the study showed that the humoral antibody response to Salmonella Enteritidis fimbriae and other polypeptides decreased by 38.5% in the water-restricted sheep as compared with their daily watered counterparts. Marked immunosuppression was also observed in water-deprived lactating Awassi ewes, which showed a significant drop in their immunity to polypeptides 21 kDa as compared with non-lactating ewes (Barbour et al. 2005). Differential leukocyte counts are sometimes used as a combined indicator of the immune status and stress level of animals. Kannan et al. (2007) reported that a leukogram is a good indicator of prolonged stress in transported goats. Glucocorticoid levels have been linked to leukocyte profiles of the immune system where high ratios of heterophils or neutrophils to lymphocytes in blood samples indicate high concentrations of glucocorticoids and therefore high levels of stress (Dhabhar et al. 1995; Kannan et al. 2007; Davis et al. 2008). However, it was also observed that glucocorticoids may not always suppress leukocytes but rather induce a redistribution of the immune cells to certain organs such as the skin, thought to be the first line of defence against pathogen entry (Dhabhar 2006; Martin, 2009). In a review about the mechanisms of stress-induced immunity modulation, Moynihan (2003) summarized the possible routes for immune suppression and even stimulation following stress. The author describes four main compounds that can modulate stress: corticotropinreleasing hormone, endogenous opioids, catecholamines and glucocorticoids, with glucocorticoids being the most widely studied. He further notes the complex relationship between stress and immunity, highlighting
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differences in the response based on the nature, duration and severity of the stressor on one hand and on the immune function or organ that is being assessed on the other. To these factors, Salak-Johnson and McGlone (2006) add the effects of social status and genetics, which also play an important role in determining how an animal’s immune system responds to a certain stressor. The specific effects of water stress, particularly in sheep, are poorly understood. This line of research would be of great interest to determine the consequences of short-term and long-term water shortages on sheep defence systems during different critical production and reproductive periods. CHANGES IN RELATION TO PHYSIOLOGICAL STATUS Pregnant and lactating animals have 4050% higher water turnover rates than non-lactating animals (Cain et al. 2005) with a greater need for feed, water and electrolytes in order to meet the requirements of the foetus and the mammary gland (Olsson 2005). Pregnancy The reported changes in pregnant water-restricted sheep are usually similar to those observed in non-pregnant animals, including haemoconcentration (More and Sahni 1980), which denotes a reduction in the extracellular fluid space. However, in contrast to nonpregnant sheep, pregnancy seems to reduce the urine concentrating capacity of animals in response to dehydration, probably due to the high concentrations of circulating prostaglandins, which cause a reduction in sensitivity to arginine-vasopressin (Benlamlih et al. 1985; Rodriguez et al. 1996). The effect of water restriction during pregnancy on lamb weight and survival is an important aspect to consider, since it affects productivity and sustainability of the farm operation. The desert-adapted Magra and Marwari sheep could sustain a twice weekly watering regimen imposed for an extended period with no effects on lamb birth weight (Mittal and Gosh 1986). Furthermore, pregnant Chokla ewes watered once every 4 d gave birth to lambs of lower weight compared with ewes that were watered daily or once every 3 d; however, after birth at 12 wk of age, lamb weights were similar between the different groups (More and Sahni 1980). Further studies to assess the long-term consequences of water restriction during gestation on the growth and later performance of offspring are necessary. Lactation Water restriction in lactating Awassi (Hamadeh et al. 2006) and Comisana ewes (Casamassima et al. 2008) led to a greater weight loss than in non-lactating animals since they have higher metabolic requirements necessitating greater mobilization of fat deposits (Sevi et al. 2002). Lactating sheep have a relatively higher blood
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volume due to the high water demand by the mammary gland (El-Nouty et al. 1991). Consequently, water restriction led to lower haemoglobin levels in lactating Awassi sheep when compared with their non-lactating counterparts (Hamadeh et al. 2006). Reports indicate that blood chemistry indicators such as glucose, cholesterol, protein, albumin and globulin, show little variation between lactating and non-lactating sheep beyond the first month of lactation (Hamadeh et al. 2006). When subjected to water restriction, the changes in blood indicators of lactating sheep were similar to those of non-lactating animals including significant increases in serum concentrations of triglycerides, albumin, total proteins and cholesterol, urea and creatinine (Rodriguez et al. 1996; Hamadeh et al. 2006; Casamassima et al. 2008). Lactation did not seem to modify the response to water restriction. Moreover, differences in pH and electrolyte levels were observed between water-restricted lactating and non-lactating Awassi ewes. An increase in pH was noted in water-restricted lactating Awassi sheep; it was related to a drop in Ca  and K  needed for milk production and a corresponding increase in Na  and Cl  needed for nutrient transport (Fig. 1) (Hamadeh et al. 2006). Dehydration usually causes a decrease in milk production due to reduced blood flow to the mammary gland (Hossaini-Hilali et al. 1994; Dahlborn et al. 1997; Mengistu et al. 2007). In contrast, milk osmolality, density and lactose content appear to increase under water restriction (Dahlborn 1987; Hossaini-Hilali et al. 1994). Lactose is the major osmotic component of milk, and its concentration is strictly controlled to keep milk isotonic with the blood (Dahlborn 1987).



ECONOMIC IMPACT OF HEAT STRESS ON SHEEP PRODUCTION Loss in production due to water stress is similar to that observed under heat stress, especially since the two occur together under arid and semi-arid environments; heat stress leads to decreases in milk production, reproduction and feed intake, causes infertility and increases the risks of lameness and culling (Alhidary et al. 2012; De Vries 2012; Lucy 2012). Heat stress in cattle causes loss of appetite and weight gain (Sackett et al. 2006), it negatively affects the oestrus cycle and hence reduces reproduction (Monty and Wolf 1974; Hansen et al. 2001) leading ultimately to economic losses. Most of the literature investigates the economic impact of heat stress on dairy and beef cattle production. According to Sackett et al. (2006) economic losses in feedlot beef cattle in Australia is estimated around 16.5 million AUD when 30% of the cattle is subjected to heat stress during summer, whereas losses in dairy and beef cattle in the United states is estimated to be $8971500 million and $370 million, respectively (St-Pierre et al. 2003). While St-Pierre et al. (2003) attribute these losses to welfare expenses, such as infrastructure and shading, others (Sackett et al. 2006; Lucy 2012) suggest that heat stress problems can be solved by investing in heat reduction systems, modifying animals’ genetics and intensifying the reproductive management in heat stress periods. A decade ago, although heat was acknowledged as a source of stress in sheep, the economic impact of this stress was not well studied, perhaps because sheep are mainly raised in extensive systems rather than in feedlots (that exhibit high rates of respiratory diseases under hot



Fig. 1. Changes in electrolytes of non-lactating (2) and lactating (") Awassi ewes watered daily () or subjected to a 3-d-restriction regimen (---) (Hamadeh et al. 2006).
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and humid climatic conditions) or because sheep are bred in a variety of environmental conditions and are considered to be rustic animals that can withstand high ambient temperatures (Silanikove 2000). Literature on the economic impact of heat stress on sheep production is still scarce; nonetheless, recent works reported that thermal stress can lead to severe economic losses in sheep husbandry (Pluske et al. 2010; Wojtas et al. 2013). Kandemir et al. (2012) reported that lamb production is seriously affected when pregnant ewes are exposed to heat stress during mid and late gestation: the total of embryo cell number and the placentome size are significantly decreased; lamb birth weight, growth rate and the total body solids and daily solids gain are also reduced. Economic losses caused by high temperatures could be reduced by protecting ewes from heat waves during the breeding season (Kandemir et al. 2012), and by the addition of shelters and the implementation of fleece length strategies in commercial feeding lots (Pluske et al. 2010). Moreover, the integration of a preventive health program, feed optimization and basic selection of the animals has proven efficacy in improving the economic sustainability of sheep production in semi-arid regions (Tami et al. 2005). The economic impact of water and/or heat stress on sheep production in arid and semi-arid regions warrants further research, especially since it reflects on the livelihoods of the majority of the rural population in these areas. VITAMIN C: STRESS ALLEVIATOR Vitamin C administration is not a common practice in adult livestock nutrition (McDowell 2000) since it is normally biosynthesized in ruminants (National Research Council 2007). It is an important antioxidant that helps in the scavenging of free radicals (Jariwalla and Harakech 1996). It also plays a role in modulating the immune response by enhancing neutrophil function and in minimizing free radical damage (Politis et al. 1995) and by improving antibody response to antigens (Cummins and Brunner 1990). Administration of vitamin C to stressed animals such as weaned pigs (de Rodas et al. 1998), heat stressed Japanese quails (Avci et al. 2005), aluminum intoxicated rabbits (Yousef 2004) and heat stressed broilers subjected to feed restriction (McKee et al. 1997) yielded positive results such as improving performance under stressful conditions, enhancing feed intake, protecting from toxicity and improving body energy storage. Similarly, stress alleviation was reported in vitamin C supplemented goats in hot and dry conditions (Minka and Ayo 2007). Several studies were performed to assess the effect of vitamin C supplementation on water-stressed Awassi sheep: supplementation tended to decrease weight loss (Ghanem et al. 2008; Karnib 2009) and was linked to improved feed intake (Hamadeh et al. 2009). Similar results were obtained in goats during stressful transportation conditions accompanied by dehydration (Kannan et al. 2000; Minka and Ayo 2007). The effect of vitamin
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C on weight reduction after water restriction is shown in Table 3. It is clearly seen that vitamin C administration reduces weight loss regardless of the dose given and the water limitation regimen. The reduction in weight loss could have economic significance in large farming operations, warranting further studies. When assessing haematological effects, packed cell volume levels were reported to decrease in vitamin C supplemented dehydrated Awassi sheep (Ghanem et al. 2008) and transported Red Sokoto goats (Minka and Ayo 2007). In contrast, conflicting observations were reported regarding the haemoglobin concentrations: in transport-stressed goats vitamin C administration decreased haemoglobin (Minka and Ayo 2007), while in water-stressed Awassi sheep there was no effect (Ghanem et al. 2008). The effects of vitamin C administration on serum protein, globulin and albumin in water-stressed Awassi sheep are not consistent (Hamadeh et al. 2006, 2009; Ghanem et al. 2008). It is worth noting that the water restriction regimen and the amount of vitamin C used in these experiments were not identical. This may explain the variable results. Additionally, it was observed that daily supplementation of water-restricted Awassi sheep with 5 g of vitamin C led to an increase in serum creatinine and urea, while lower levels had no effect (Hamadeh et al. 2009; Karnib 2009). Vitamin C has an indirect impact on fat mobilization through its role in norepinephrine and carnitine formation, which helps fat mobilization and fatty acid transport, respectively (Ghanem et al. 2005). However, vitamin C administration to water-restricted Awassi sheep did not lead to significant changes in adipocyte diameter and other fat mobilization indicators (Jaber et al. 2011), while cholesterol levels tended to be higher in other experiments (Ghanem et al. 2005; 2008; Karnib 2009). Blood osmolality and electrolytes are greatly affected by water restriction. However, their response to vitamin C supplementation in water-stressed Awassi ewes is not consistent (Hanna 2006; Ghanem et al. 2008; Hamadeh et al. 2009; Karnib 2009). Cortisol levels, used as indicators of water stress, did not show any differences between vitamin C supplemented and non-supplemented animals (Parrot et al. 1996; Parker et al. 2003; Ghanem et al. 2008), although others demonstrated that vitamin C played a role in decreasing cortisol secretion (Civen et al. 1980; Sivakumar et al. 2010). In conclusion, more research is needed to fully explore the role of vitamin C in stress alleviation and determine the correct level to be supplied to sheep in various stress situations, particularly since supplemented animals lost less weight. CONCLUSION This review highlights the adaptive mechanisms observed during dehydration of sheep reared mainly in arid and semi-arid regions. Regardless of their physio-
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All animals were weighed at day zero before the initiation of the experiment and at the end of the experiment. Control animals were watered daily. ac Different letters in the same row indicate significant differences (PB0.05). y



z



23 yr 30



23 yr 23 yr



3-d restriction 1 L on day 4 and 3 L on day 8 of 12-d water restriction 1 L on day 4 and 3 L on day 8 of 12-d water restriction



25 30



22.1c 1.2a 2.5 g Vit C ewe 1 d 1



6.9b



Karnib (2009) Ghanem et al. (2005) 16.8a91.14 13.7b92.00  0.7a92.00



12.7b91.27 6.0b92.00
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WRVit C WR



d 3 g Vit C ewe 5 g Vit C ewe 1 d 1 3 g Vit C ewe 1 d 1 10 g Vit C ewe 1 at the beginning and in the middle of the experiment 3 g Vit C ewe 1 d 1 2.5 g Vit C ewe 1 d 1



1 1



Controly Vit C administration Age of animals Average ambient temperature (8C) Water regimen



Table 3. Effect of different regimes of water restriction (WR) and vitamin C (Vit C) administration on percent weight change in dry Awassi ewesz
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logical statuses, sheep subjected to water stress decreased their feed intake, which consequently resulted in a reduction in weight caused by water and body mass loss. Changes are also observed in blood parameters, thermoregulatory mechanisms and immunity. Adapted breeds under water restriction during hot and dry seasons mobilize their fat stores in order to overcome dietary deficiency. This is clearly seen in the high levels of FFA and cholesterol in blood. Moreover, water conservation is mirrored by water retention by the kidneys as reflected by small volumes of urine and high blood Na , urea and osmolality. Non-lactating ewes of highly adapted breeds are able to survive severe water shortages on short intermittent watering regimens without displaying serious physiological damage, thus enabling pastoralists to roam during the hot summer months with their flock when water resources are scarce. However, young, lactating and gestating animals are affected by dehydration, which may reduce milk production (during peak production), reproduction, lamb weight and resistance to disease. The Awassi sheep is presented as an example of adapted indigenous breeds. This review also highlights the promising use of vitamin C, an antioxidant nutrient supplement, in attenuating the negative effect of water stress. Determining the adaptability of sheep to water restriction is crucial in order to take the proper measures to sustain the extensive production systems in arid regions where water scarcity is becoming more common. Future research is needed to study the overlapping effects of water stress, feed limitation and high ambient temperatures. Testing new management approaches and drugs for stress alleviation is also important, while giving special attention to animal welfare and the practical use of these procedures in the field.



ACKNOWLEDGMENTS



The authors are grateful to the Lebanese National Council for Scientiﬁc Research and the American University of Beirut Research Board for generously funding their work on water restriction in the Awassi sheep over the past decade. We also thank A. A. Ponter (INRA-ENVA, UMR BDR, Paris, France) for reading the manuscript. Abdelatif, A. M. and Ahmed, M. M. M. 1994. Water restriction, thermoregulation, blood constituents and endocrine responses in Sudanese desert sheep. J. Arid Environ. 26: 171180. Aganga, A. A., Umunna, N. N., Oyedipe, E. O. and Okoh, P. N. 1989. Inﬂuence of water restriction on some serum components in Yankasa ewes. Small Ruminant Res. 2: 1926. Aganga, A. A. 1992. Water utilization by sheep and goats in Northern Nigeria. World Anim. Rev. FAO. 73: 914. Ahmed, M. M. and El Kheir, I. M. 2004. Thermoregulation and water balance as affected by water and food restrictions in Sudanese desert goats fed good-quality and poor-quality diets. Trop. Anim. Health. Prod. 36: 191204.



Can. J. Anim. Sci. Downloaded from www.nrcresearchpress.com by MICHIGAN STATE UNIV on 01/28/17 For personal use only.



CHEDID ET AL. * WATER STRESS IN SHEEP IN ARID REGIONS Ahmed, M. M. M. and Abdelatif, A. M. 1994. Effects of restriction of water and food intake on thermoregulation, food utilization and water economy in desert sheep. J. Arid Environ. 28: 147153. Ahmed Muna, M. M. and El Shafei Ammar, I. 2001. Effects of water and feed restriction on body weight change and nitrogen balance in desert goats fed high and low quality forages. Small Rumin. Res. 41: 1927. Alamer, M. 2005. Effect of deprivation and season on some biochemical constituents of blood in Awassi and Najdi sheep breeds in Saudi Arabia. J. Anim. Vet. Adv. 48: 1520. Alamer, M. and Al-hozab, A. 2004. Effect of water deprivation and Seaton on feed intake, body weight and thermoregulation in Awassi and Nadji sheep breeds in Saudi Arabia. J. Arid Environ. 59: 7184. Alamer, M. 2011. The role of prolactin in thermoregulation and water balance during heat stress in domestic ruminants. Asian.-Aust. J. Anim. Sci. 6: 11531169. Alhidary, I. A., Shini, S., Al Jassim, R. A. M. and Gaughan, J. B. 2012. Physiological responses of Australian Merino wethers exposed to high heat load. J. Anim. Sci. 90: 212220. Amoah, E. A., Gelaye, S., Guthrie, P. and Rexroad Jr., C. E. 1996. Breeding season and aspects of reproduction of female goats. J. Anim. Sci. 74: 723728. Atti, N., Bocquier, F. and Khaldi, G. 2004. Performance of the fat-tailed Barbarine sheep in its environment: adaptive capacity to alternation of underfeeding and refeeding periods. A review. Anim. Res. 53: 165176. Avci, M., Yertu¨rk, M. and Kaplan, O. 2005. Effects of ascorbic acid on the performance and some blood parameters of Japanese quails reared under hot climate conditions. Turk. J. Vet. Anim. Sci. 29: 829833. Baker, M. A. 1989. Effects of dehydration and rehydration on thermoregulatory sweating in goats. Physiol. J. 417: 421435. Barbour, E., Rawda, N., Banat, G., Jaber, L., Sleiman, F. T. and Hamadeh, S. 2005. Comparison of immunosuppression in dry and lactating Awassi ewes due to water deprivation stress. Vet. Res. Commun. 29: 4760. Barbour, E., Banat, G., Itani, W., Jaber, L. S., Habre, A. and Hamadeh, S. K. 2004. Quantitative assessment of humoral immunosuppression in water deprived semi nomadic sheep. Int. J. Appl. Res. Vet. Med. 2: 310320. Ben Gara, A. 2000. De´ﬁnition des objectifs de se´lection des ovins de race Barbarine en Tunisie. Options Me´diterrane´ennes A43: 111116. Ben Salem, H., Lassoued, N. and Rekik, M. 2011. Merits of the fat-tailed Barbarine sheep raised in different production systems in Tunisia: digestive, productive and reproductive characteristics. Trop. Anim. Health. Prod. 43: 13571370. Benlamlih, S. A., Bourkaik, A., Belarbi, A. and Abouhala, A. 1985. Fluid balance in pregnant and lactating Dman ewes. Effect on litter size, protein intake and inhibition of prostaglandin synthesis. Comp. Biochem. Physiol. A80: 591597. Bernabucci, U., Lacetera, N., Baumgard, L. H., Rhoads, R. P., Ronchi, B. and Nardone, A. 2010. Metabolic and hormonal acclimation to heat stress in domesticated ruminants. Animal 4: 11671183. Bhattacharya, A. N. and Hussain, F. 1974. Intake and utilization of nutrients in sheep fed different levels of roughage under heat stress. J. Anim. Sci. 38: 877886.



253



Blanc, F., Bocquier, F., Debus, N., Agabriel, J., D’hour, P. and Chilliard, Y. 2004. La pe´rennite´ et la durabilite´ des e´levages de ruminants de´pendent des capacite´s adaptives des femelles. INRA Prod. Anim. 17: 287302. Brockway, J. M., McDonald, J. D. and Pullar, J. D. 1965. Evaporative heat-loss mechanisms in sheep. Physiol. J. 179: 554568. Burton, R. F. 1988. The protein content of extracellular ﬂuids and its relevance to the study of ionic regulation: net charge and colloid osmotic pressure. Comp. Biochem. Physiol. 90A: 1116. Cain, J. W. III., Krausman, P., Rosenstock, S. S. and Turner, J. 2005. Literature review and annotated bibliography: Water requirements of desert ungulates. Southwest Biological Science Center, Flagstaff, AZ. 111 pp. Cain, J. W. III., Krausman, P., Rosenstock, S. S. and Turner, J. 2006. Mechanisms of thermoregulation and water balance in desert ungulates. Wildl. Soc. Bull. 34: 570581. Casamassima, D., Pizzo, R., Palazzo, M., D’alessandro, A. G. and Martemucci, G. 2008. Effect of water restriction on productive performance and blood parameters in Comisana sheep reared under intensive condition. Small. Rumin. Res. 78: 169175. Chedid, M. 2009. Physiological responses of feed and water restricted dry Awassi ewes to aspirin administration. M.Sc. thesis. American University of Beirut, Beirut, Lebanon. pp. 164. Chilliard, Y., Delavaud, C. and Bonnet, M. 2005. Leptin expression in ruminants: Nutritional and physiological regulations in relation with energy metabolism. Domest. Anim. 29: 233. Chilliard, Y., Ferlay, A., Faulconnier, Y., Bonnet, M., Rouel, J. and Bocquier, F. 2000. Adipose tissue metabolism and its role in adaptations to undernutrition in ruminants. Proc. Nutr. Soc. 59: 127134. Civen, M., Leeb, J. E., Wishnow, R. M. and Morin, R. 1980. Effect of dietary ascorbic acid and vitamin E deﬁciency on rat adrenal cholesterol ester metabolism and corticosteroidogenesis. Int. J. Vitam. Nutr. Res. 50: 7078. Cork, S. C. and Halliwell, R. W. 2002. The veterinary laboratory and ﬁeld manual. Nottingham University Press, Nottingham, UK. Cummins, K. A. and Brunner, C. J. 1990. Effect of calf housing on plasma ascorbate and endocrine and immune function. J. Dairy Sci. 74: 15821588. Dahlborn, K., Nielsen, M. O. and Hossaini-Hilali, J. 1997. Mechanisms causing decreased milk production in water deprived goats. Options Me´diterrane´ennes CIHEAM- Zaragoza 34: 199202. Dahlborn, K. 1987. Effect of temporary food or water deprivation on milk secretion and milk composition in the goat. J. Dairy Sci. 54: 153163. Dahlborn, K. and Holtenius, K. 1990. Fluid absorption from the rumen during rehydration in sheep. Exp. Physiol. 75: 4555. Davis, A. K., Maney, D. L. and Maerz, J. C. 2008. The use of leukocyte proﬁles to measure stress in vertebrates: a review for ecologists. Rev. Funct. Ecol. 22: 760772. De Rodas, B. Z., Maxwell, C. V., Davis, M. E., Mandali, S., Broekman, E. and Stoecker, B. J. 1998. L-ascorbyl-2-polyphosphate as a vitamin C source for segregated and conventionally weaned pigs. J. Anim. Sci. 76: 16361643. De Vries, A. 2012. Economics of heat stress: Implications for management. Extension America’s Research-based Learning



Can. J. Anim. Sci. Downloaded from www.nrcresearchpress.com by MICHIGAN STATE UNIV on 01/28/17 For personal use only.



254 CANADIAN JOURNAL OF ANIMAL SCIENCE Network. [Online] Available: http://www.extension.org/pages/ 63287/economics-of-heat-stress:-implications-for-management. Degen, A. A. and Shkolnik, A. 1978. Thermoregulation in fattailed Awassi, a desert sheep, and in German Mutton Merino, a mesic sheep. Physiol. Zool. 51: 333339. Degen, A. A. 1977. Fat-tailed Awassi and German Mutton Merino sheep under semi-arid conditions III: body temperature and panting rate. J. Agric. Sci. 89: 399405. Dhabhar, F. S. 2006. Stress, leukocyte trafﬁcking, and the augmentation of skin immune function. Ann. NY Acad. Sci. 992: 205217. Dhabhar, F. S., Miller, A. H., McEwen, B. S. and Spencer, R. L. 1995. Effects of stress on immune cell distribution. Dynamics and hormonal mechanisms. Immunology 154: 55115527. Dwyer, C. M. 2008. Environment and the sheep: Breed adaptations and welfare implications. Pages 4179 in C. M. Dwyer, ed. The welfare of sheep. Springer-Verlag, Berlin, Germany. El-Nouty, F. D., El-Naggar, M. I., Hassan, G. A. and Salem, M. H. 1991. Effect of lactation on water requirements and metabolism in Egyptian sheep and goats. World Rev. Anim. Prod. 26: 4043. Eltawill, A. and Narendran, R. 1990. Ewe productivity in four breeds of sheep in Saudi Arabia. World Anim. Rev. 25: 93. Epstein, H. 1985. The Awassi sheep with special reference to the improved dairy type. FAO Animal and Health Paper 57: 3438. Ewing, S. A., Lay, D. C. and Von Borell, E. 1999. Frame animal well-being. Prentice Hall, Upper Saddle River, NJ. 75 pp. Eyal, E. 1963. Shorn and unshorn Awassi sheep. Body temperature. J. Agric. Sci. 60: 159176. Farid, M. F., Shawket, S. M. and Abdel-Rahman, M. H. A. 1979. Observations on the nutrition of camels and sheep under stress. In Proceedings of workshop on camels, International Foundation of Science, Sweden, Kartoum, Sudan. Fuller, A., Meyer, L. C. R., Mitchell, D. and Maloney, S. K. 2007. Dehydration increases the magnitude of selective brain cooling independently of core temperature in sheep. Comp. Evolution. Physiol. 293: 438446. Ghanem, A. 2005. The effect of vitamin C supplementation on some physiological an immunological indicators in waterdeprived Awassi ewes. Master thesis. American University of Beirut, Beirut, Lebanon. B.189 pp. Ghanem, A. M., Barbour, E. K., Hamadeh, S. K., Jaber, L. S. and Abi Said, M. 2008. Physiological and chemical responses in water-deprived Awassi ewes treated with vitamin C. J. Arid Environ. 72: 141149. Gootwine, E. 2011. Mini review: breeding Awassi and Assaf sheep for diverse management conditions. Trop. Anim. Health Prod. 43: 12891296. Hadjigeorgiou, I., Dardamani, K., Goulas, C. and Zervas, G. 2000. The effect of water availability on feed intake and digestion in sheep. Small. Rumin. Res. 37: 147150. Hales, J. R. S. 1973. Effects of exposure to hot environments on the regional distribution of blood ﬂow and on cardiorespiratory function in sheep. Pﬂu¨gers Arch. 344: 133148. Hales, J. R. S. and Brown, J. D. 1974. Net energetic and thermoregulatory efﬁciency during panting in the sheep. Comp. Biochem. Physiol. 49A: 413422. Hamadeh, S. K., Hanna, N., Barbour, E. K., Abi Said, M., Rawda, N., Chedid, M. and Jaber, L. S. 2009. Changes in



physiological and blood parameters in water restricted Awassi ewes supplemented with different levels of vitamin C. In European Federation for Animal Science EAAP, 60th Annual Meeting, Barcelona 27 August. Session S.26 Abstract no. 3175. [Online] Available: http://www.eaap.org/Previous_Annual_ Meetings/2009Barcelona/Papers/26_Hamadeh.pdf [2012 Dec. 22]. Hamadeh, S. K., Moussa, Z., Abi Said, M. and Barbour, E. 1994. Physiological indicators of adaptation in Awassi and Finn TexelAwassi sheep. Options Me´diterrane´ennes 33: 231236. Hamadeh, S. K., Rawda, N., Jaber, L. S., Habre, A., Abi Said, M. and Barbour, E. K. 2006. Physiological responses to water restriction in dry and lactating Awassi ewes. Livest. Sci. 101: 101109. Hamadeh, S. K., Shomo, F., Nordblom, T., Goodchild, A. and Gintzburger, G. 1996. Small ruminant production in Lebanon’s Beka’a Valley. Small. Rumin. Res. 21: 173180. Hanna, N. 2006. Physiological changes in water stressed Awassi ewes supplemented with vitamin C. M.Sc. thesis. American University of Beirut, Beirut, Lebanon. pp. 185. Hansen, P. J., Drost, M., Rivera, R. M., Paula-Lopes, F. F., al-Katanani, Y. M., Krininger, C. E. 3rd and Chase, Jr., C. C. 2001. Adverse impact of heat stress on embryo production: Causes and strategies for mitigation. Theriogenology 55: 91103. Horst, R. and Langworthy, M. 1971. Observations on the kidney of the desert bighorn sheep. Anat. Rec. 2: 343. Hossaini-Hilali, J., Benlamlih, S. and Dahlborn, K. 1994. Effects of dehydration, rehydration, and hyperhydration in the lactating and non-lactating black Moroccan goat. Comp. Biochem. Physiol. (A) 109: 10171026. Huszenicza, G. Y., Kulcsar, M. and Rudas, P. 2002. Clinical endocrinology of thyroid gland functions in ruminant. Vet. Med. 47: 199210. Igbokwe, I. O. 1993. Haemoconcentration in Yankasa sheep exposed to prolonged water deprivation. Small. Rumin. Res. 12: 99105. In˜iguez, L. 2005. Small ruminant breeds in West Asia and North Africa. ICARDA Caravan Issue 22. [Online] Available: http://www.icarda.org/Publications/Caravan/Caravan22/Focus_ 3.htm [2012 Dec. 22]. Jaber, L. S., Habre, A., Rawda, N., AbiSaid, M., Barbour, E. K. and Hamadeh, S. K. 2004. The effect of water restriction on certain physiological parameters in Awassi sheep. Small. Rumin. Res. 54: 115120. Jaber, L. S., Hanna, N., Barbour, E. K., Abi Said, M., Rawda, N., Chedid, M. and Hamadeh, S. K. 2011. Fat mobilization in water restricted Awassi ewes supplemented with vitamin C. J. Arid Environ. 75: 625628. Jariwalla, R. J. and Harakech, S. 1996. Ascorbic acid: Biochemistry and biomedical cell biology. J. R. Harris, ed. Plenum, New York, NY. pp. 215231. Jenkinson, D. M. 1972. Evaporative temperature regulation in domestic animals. Symp. Zool. Soc. 31: 345356. Kandemir, C., Kos¸ um, N. and Taskin, T. 2012. Effects of heat stress on physiological traits in sheep. Macedonian J. Anim. Sci. 3: 2529. Kannan, G., Terrill, H., Kouakou, B., Gazal, O. S., Gelaye, S., Amoah, E. A. and Samake, S. 2000. Transportation of goats: Effects on physiological stress responses and liveweight loss. J. Anim. Sci. 78: 14501457.



Can. J. Anim. Sci. Downloaded from www.nrcresearchpress.com by MICHIGAN STATE UNIV on 01/28/17 For personal use only.



CHEDID ET AL. * WATER STRESS IN SHEEP IN ARID REGIONS Kannan, G., Saker, K. E., Terrill, T. H., Kouakou, B., Galipalli, S. and Gelaye, S. 2007. Effect of seaweed extract supplementation in goats exposed to simulated preslaughter stress. Small. Rumin. Res. 73: 221227. Karnib, M. 2009. The effect of vitamin C administration on some physiological parameters in water and feed restricted dry Awassi ewes. M.Sc. thesis, American University of Beirut, Beirut, Lebanon. pp. 148. Kataria, N. and Kataria, A. K. 2006. Endocrine and metabolic responses of Marwari sheep in arid tract. Slov. Vet. Res. 43: 13542. Kataria, N. and Kataria, A. K. 2007. Compartmental water management of Marwari sheep during dehydration and rehydration. Vet. Arh. 77: 551559. Kataria, N., Kataria, A. K., Agarwal, V. K., Garg, S. L. and Sahni, M. S. 2007. Solute loads and transfer function of kidney in dromedary camel during dehydration and rehydration in winter and summer. Vet. Arh. 77: 327246. Kay, R. N. B. 1997. Responses of African livestock and wild herbivores to drought. J. Arid Environ. 37: 683694. Khalifa, H. H., El-Sherbiny, A. A. S., Hyder, A. and AbdelKhalek, T. M. 2002. Effect of exposure to solar radiation on thermoregulation of sheep and goats. 15th conf. on Biomteorology/aerobiology and 16th int. Congress of Biometeorology. Laden, S., Nehmadi, L. and Yagil, R. 1987. Dehydration tolerance in Awassi fat-tailed sheep. Can. J. Zool. 65: 363367. Latimer, K. S., Mahaffy, E. A. and Prasse, K. W. 2003. Duncan and Prasses, Veterinary laboratory medicine, Clinical pathology. 4th ed. Iowa State Press, Ames, IA. Li, B. T., Christopherson, R. J. and Cosgrove, S. J. 2000. Effect of water restriction and environmental temperatures on metabolic rate and physiological parameters in sheep. Can. J. Anim. Sci. 80: 97104. Lucy, M. C. 2012. Reproductive loss in farm animals during heat stress. 15th Conference on Biometeorology/Aerobiology and 16th International Congress of Biometeorology  Brody Lectures: Animal Response 2A.3 Mahgoub, O., Kadim, I. T., Al-Dhahab, A., Bello, R. B., AlAmri, I. S., Ali, A. A. A., Khalaf, S., Johnson, E. H. and Gaafar, O. M. 2010. An assessment of Omani native sheep ﬁber production and quality characteristics. Sultan Qaboos Univ. Res. J. Agric. Marine Sci. 15(special issue): 914. Marai, I. F. M., El-Darawany, A. A., Fadiel, A. and AbdelHafez, M. A. M. 2007. Physiological traits as affected by heat stress in sheep  A review. Small. Rumin. Res. 71: 112. Marini, J. C., Klein, J. D., Sands, J. M. and Van Amburgh, M. E. 2004. Effect of nitrogen intake on nitrogen recycling and urea transporter abundance in lambs. J. Anim. Sci. 82: 1157 1164. Martin, L. B. 2009. Stress and immunity in wild vertebrates: Timing is everything. Gen. Comp. Endocrinol. 163: 7076. Maurya, V. P., Naqvi, S. M. K. and Mittal, J. P. 2004. Effect of dietary energy balance on physiological responses and reproductive performance of Malpura sheep in the hot semiarid regions of India. Small. Rumin. Res. 55: 117122. MacFarlane, W. V. 1964. Terrestrial animals in dry heat: ungulates. Pages 509539 in D. B. Dill, E. F. A. Adolph, and C. C. Wilberg, eds. Handbook of physiology. Section 4: Adaptation to the environment. American Physiology Society, Bethesda, MD. McDowell, G. H. 1983. Hormonal control of glucose homoeostasis in ruminants. Proc. Nutr. Soc. 42: 149167.



255



McDowell, L. R. 2000. Vitamins in animal and human nutrition. Iowa State University Press, Ames, IA. McKee, J. S., Harrison, P. C. and Riskowski, G. L. 1997. Effects of supplemental ascorbic acid on the energy conversion of broiler chicks during heat stress and feed withdrawal. Poult. Sci. 76: 12781286. McKinley, M. J., Weissenborn, F. and Mathai, M. L. 2009. Drinking-induced thermoregulatory panting in rehydrated sheep: inﬂuences of oropharyngeal/esophageal signals, core temperature, and thirst satiety. Am. J. Physiol. Regul. Integr. Comp. Physiol. 296: 18811888. McManus, C., Paludo, G. R., Louvandini, H., Gugel, R., Sasaki, L. C. B. and Paiva, S. R. 2009. Heat tolerance in Brazilian sheep: Physiological and blood parameters. Trop. Anim. Health Prod. 41: 95101. Mengistu, U. K., Dahlborn, K. and Olsson, K. 2007. Mechanisms of water economy in lactating Ethiopian Somali goats during repeated cycles of intermittent watering. Animal 1: 10091017. Minka, N. S. and Ayo, J. O. 2007. Physiological responses of transported goats treated with ascorbic acid during the hot-dry season. J. Anim. Sci. 78: 164172. Mittal, J. P. and Gosh, P. K. 1979. Body temperature, respiration and pulse rate in Corriedale, Marwari and Magra sheep in the Rajasthan desert. J. Agric. Sci. (Camb.) 93: 587591. Mittal, J. P. and Ghosh, P. K. 1986. Effect of prolonged intermittent water restriction on the reproductive performance of ewes in the Indian desert. Anim. Prod. 43: 255260. Mohamed, M. E. and Johnson, H. D. 1985. Effect of growth hormone on milk yield and related physiological functions of Holstein cows exposed to heat stress. J. Dairy Sci. 68: 1123 1133. Monty, Jr., D. E. and Wolf, L. K. 1974. Summer heat stress and reduced fertility in Holstein-Friesian cows in Arizona. Am. J. Vet. Res. 35: 14951500. Moorby, J. M., Dewhurst, R. J., Evans, R. T. and Fisher, W. J. 2002. Effects of level of concentrate feeding during the second gestation of HolsteinFriesian dairy cows. 2. Nitrogen balance and plasma metabolites. J. Dairy Sci. 85: 178189. Morand-Fehr, P. 2005. Recent developments in goat nutrition and application: A review. Small Rumin. Res. 60(12): 2543. More, T. and Sahni, K. L. 1980. Recent observations on water economy and sheep production under semi-arid conditions, Indian Society of Desert Technology and University Centre of Desert Studies. Trans. 5(1): 115124. More, T. and Sahni, K. L. 1978. Effect of giving water intermittently on excretion patterns of water and certain electrolytes in Chokla sheep during summer. J. Agric. Sci. 91: 677680. Moynihan, J. A. 2003. Mechanisms of stress-induced modulation of immunity. Brain Behav. Immun. 17: 1116. Narula, H. K., Kumar, A., Ayub, M. and Mehrotra, V. 2010. Growth rate and wool production of Marwari lambs under arid region of Rajasthan. Ind. J. Anim. Sci. 80: 350353. National Research Council. 2007. Nutrient requirements of small ruminants: sheep, goats, cervids, and New World camelids/Committee on Nutrient Requirements of Small Ruminants, Board on Agriculture and Natural Resources, Division on Earth and Life Studies. National Academies Press, Washington DC. Naziﬁ, S., Saeb, M., Rowghani, E. and Kaveh, K. 2003. The inﬂuences of thermal stress on serum biochemical parameters



Can. J. Anim. Sci. Downloaded from www.nrcresearchpress.com by MICHIGAN STATE UNIV on 01/28/17 For personal use only.



256 CANADIAN JOURNAL OF ANIMAL SCIENCE of Iranian fat-tailed sheep and their correlation with triiodothyronine (T3), thyroxine (T4) and cortisol concentrations. Comp. Clin. Pathol. 12: 135139. Olsson, K., Benlamlih, S., Hossaini-Hilali, J. and Dahlborn, K. 1997. Regulation of ﬂuid balance in goats and sheep from dry areas. Options Me´diterrane´ennes CIHEAM-IAMZ 34: 159171. Olsson, K. 2005. Fluid balance in ruminants: Adaptation to external and internal challenges. Ann. NY Acad. Sci. 1040: 156161. Parker, A. J., Hamlin, G. P., Coleman, C. J. and Fitzpatrick, L. 2003. Dehydration in stressed ruminants may be the result of a cortisol-induced diuresis. J. Anim. Sci. 81: 512519. Parrot, R. F., Lloyd, D. M. and Goode, J. A. 1996. Stress hormone response of sheep to food and water deprivation at high and low ambient temperatures. Anim. Welf. 5: 4556. Pluske, J. M., Slade, A. M. and Vercoe, P. E. 2010. Weather and wether: effects of wind, temperature and rain on sheep feedlot production. Australasian Agribusiness Review 18, paper 11. Politis, I., Hidiroglou, M., Batra, T. R., Gilmore, J. R., Gorewit, R. C. and Scherf, H. 1995. Effects of vitamin E on immune function of dairy cows. Am. Vet. Res. 56: 179. Pulina, G., Bomboi, G., Mazzette, F. B., Dimauro, C., Rassu, S. P. G. and Nudda, A. 2007. Changes in metabolic and endocrine measurements during feed restriction in dairy ewes with different BCS. J. Anim. Sci. 85: 661. Qinisa, M. M., Boomker, E. A. and Mokoboki, H. K. 2011. Physiological responses of water-restricted Tswana and Boer goats. Life Sci. J. 8: 106111. Rai, A. K., Singh, M. and More, T. 1979. Cutaneous water loss and respiration rates of various breeds of sheep at high ambient temperatures. Trop. Anim. Health Prod. 11: 5156. Rawda, N. 2003. The effect of water restriction on some physiological and immunological indicators in dry and lactating Awassi ewes. M.Sc. thesis. American University of Beirut, Beirut, Lebanon. pp. 1123. Rhind, S. M. and McNeilly, A. S. 1986. Follicle populations, ovulation rates and plasma proﬁles of LH, FSH and prolactin in Scottish Blackface ewes in high and low levels of body condition. Anim. Reprod. Sci. 10: 105115. Robertshaw, D. 2006. Mechanisms for the control of respiratory evaporative heat loss in panting animals. J. Appl. Physiol. 101: 664668. Robertshaw, D. and Dmi’el, R. 1983. The effect of dehydration on the control of panting and sweating in the Black Bedouin goat. Physiol. Zool. 56: 412418. Robertshaw, D. and Zine-Filali, R. 1995. Thermoregulation and water balance in the camel: a comparison with other ruminant species. Pages 563578 in W. von Engelhardt, S. Leonhard-Marek, G. Breves, and D. Giesecke, eds. Ruminant physiology: digestion, metabolism, growth and reproduction. Proceedings of the 8th International Symposium on Ruminant Physiology, Delmar Publishers. Rodriguez, M. N., Tebot, I., Le Bas, A., Nievas, C., Leng, L. and Cirio, A. 1996. Renal functions and urea handling in pregnant and lactating Corriedale ewes. Can. J. Anim. Sci. 76: 469472. Sackett, D., Holmes, P., Abbott, K., Jephcott, S. and Barber, M. 2006. Assessing the economic cost of endemic disease on the proﬁtability of Australian beef cattle and sheep producers. Meat & Livestock Australia Limited. pp. 1119.



Salak-Johnson, J. L. and McGlone, J. J. 2006. Making sense of apparently conﬂicting data: Stress and immunity in swine and cattle. J. Anim. Sci. 85: 8188. Schmidt-Neilsen, B. and O’Dell, R. 1961. Structure and concentration mechanism in mammalian kidney. Am. J. Physiol. 200: 1191124. Schmidt-Nielsen, K., Schmidt-Nielsen, B., Jarnum, S. A. and Houpt, T. R. 1956. Body temperature of the camel and its relation to water economy. Am. J. Physiol. 188: 103112. Sevi, A., Albenzio, M., Annicchiarco, G., Caroprese, M., Marino, R. and Taibi, L. 2002. Effects of ventilation regimen on the welfare and performance of lactating ewes in summer. J. Anim. Sci. 8: 23622372. Sevi, A. and Caroprese, M. 2012. Impact of heat stress on milk production, immunity and udder health in sheep: A critical review. Small Rumin. Res. 107: 17. Sevi, A., Casamassima, D., Pulina, G. and Pazzona, A. 2009. Factors of welfare reduction in dairy sheep and goats. Review article. Ital. J. Anim. Sci. 8: 81101. Silanikove, N. 1992. Effects of water scarcity and hot environment on appetite and digestion in ruminants: a review. Livest. Prod. Sci. 30: 175194. Silanikove, N. 2000. Effects of heat stress on the welfare of extensively managed domestic animals. Livest. Prod. Sci. 67: 118. Silanikove, N. 2000. The physiological basis of adaptation in goats to harsh environments. Small Rumin. Res. 35: 181193. Silanikove, N. 1994. The struggle to maintain hydration and osmoregulation in animals experiencing severe dehydration and rapid rehydration: the story of ruminants. Exp. Physiol. 79: 281300. Sileshi, Z., Tegegne, A. and Tsadik, T. 2003. Water resources for livestock in Ethiopia: Implications for research and development. In P. McCornick, A. Kamara, and G. Tadesse, eds. Integrated water and land management research and capacity building priorities for Ethiopia. Proceedings of a Ministry of Water Resources, Ethiopian Agricultural Research Organization, International Water Management Institute, and International Livestock Research Institute International Workshop, 2002 Dec. 24. International Livestock Research Institute, Addis Ababa, Ethiopia. Sivakumar, A. V. N., Singh, G. and Varshney, V. P. 2010. Antioxidants supplementation on acid base balance during heat stress in goats. Asian-Aust. J. Anim. Sci. 23: 14621468. Srikandakumar, A., Johnson, E. H. and Mahgoub, O. 2003. Effect of heat stress on respiratory rate, rectal temperature and blood chemistry in Omani and Australian Merino sheep. Small Rumin. Res. 49: 193198. St-Pierre, N. R., Cobanov, B., and Schnitkey, G. 2003. Economic losses from heat stress by US livestock industries. J. Dairy Sci. 86(E. Suppl.): E52E77. Symington, R. B. 1960. Studies on the adaptability of three breeds of sheep to a tropical environment modiﬁed by altitude. J. Agric. Sci. 55: 295302. Tami, F., Darwish, R., Abi Said, M. and Hamadeh, S. K. 2005. Sustainable improvement of small ruminant production in the semi-arid areas of Lebanon. J. Sust. Agric. 25: 103115. Taylor, C. R. and Lyman, C. P. 1972. Heat storage in running antelopes: independence of brain and body temperatures. Am. J. Physiol. 222: 114117. Thompson, G. E. 1985. Respiratory system. Pages 155162 in M. K. Young, ed. Stress physiology in livestock. CRC Press, Inc., Boca Raton, FL.



Can. J. Anim. Sci. Downloaded from www.nrcresearchpress.com by MICHIGAN STATE UNIV on 01/28/17 For personal use only.



CHEDID ET AL. * WATER STRESS IN SHEEP IN ARID REGIONS Thrall, M. A. 2004. Veterinary hematology and clinical chemistry. Lippincott Williams & Wilkins, Philadelphia, PA. Turner, J. C. 1979. Osmotic fragility of desert bighorn sheep red blood cells. Comp. Biochem. Physiol. A. 64: 167175. Turner, J. C. 1973. Water, energy and electrolyte balance in the desert bighorn sheep, Ovis canadensis. Ph.D. thesis. University of California, Riverside, CA. pp. 1276. van der Walt, J. G., Boomker, E. A., Meintjes, A. and Schultheiss, W. A. 1999. Effect of water intake on the nitrogen balance of sheep fed a low or medium protein diet. Afr. J. Anim. Sci. 29: 105119. Varady, K. A., Roohk, D. J., Loe, Y. C., McEvoy-Hein, B. K. and Hellerstein, M. K. 2007. Effects of modiﬁed alternateday fasting regimens on adipocyte size, triglyceride metabolism, and plasma adiponectin levels in mice. J. Lipid Res. 48: 22122219.



257



Vernon, R. G. 1992. Effects of diet on lypolysis and its regulation. Proc. Nutr. Soc. 51: 397408. Ward, M. A., Neville, T. L., Reed, J. J., Taylor, J. B., Hallford, D. M., Soto-Navarro, S. A., Vonnahme, K. A., Redmer, D. A., Reynolds, L. P. and Caton, J. S. 2008. Effects of selenium supply and dietary restriction on maternal and fetal metabolic hormones in pregnant ewe lambs. J. Anim. Sci. 86: 1254 1262. Wojtas, K., Cwynar, P., Kolacz, R. and Kupczynski, R. 2013. Effect of heat stress on acid base balance in Polish Merino sheep. Archiv. Tierzucht. 56: 92. Yousef, M. I. 2004. Aluminium-induced changes in hematobiochemical parameters, lipid peroxidation and enzyme activities of male rabbits: protective role of ascorbic acid. Toxicology 1: 4757.













Suggest Documents










Review Article Elongating under Stress





Read more





 




Modeling Soil Moisture, Water Partitioning, and Plant Stress under Irrigated Conditions in Desert Urban Areas





Read more





 




Milk composition of Chiapas sheep breed under grazing conditions





Read more





 




The Altered Output of Aloe vera (L.) Burm. f. Crop under Differential Water Stress Conditions





Read more





 




Stress Response of Graded Gravel Under Triaxial Compression Test Conditions





Read more





 




Photosystem I-dependent cyclic electron transport is important in controlling Photosystem II activity in leaves under conditions of water stress





Read more





 




WATER-DEFICIT STRESS IN COTTON





Read more





 




The crop production systems under semi-arid





Read more





 




MELTING ICE CUBES UNDER DIFFERENT CONDITIONS OF HEAT AND WATER





Read more





 




Sequestration of TRAF2 into Stress Granules Interrupts Tumor Necrosis Factor Signaling under Stress Conditions





Read more





 




Potassium nutrition improves the maize productivity under water deficit conditions





Read more





 




POLICE OFFICERS UNDER STRESS





Read more





 




Assessment of Some Important Tree Species for Production under Arid Zones Conditions





Read more





 




Comparison Between Gene Expression Programming and Traditional Models for Estimating Evapotranspiration under Hyper Arid Conditions 1





Read more





 




TECHNICAL REVIEW BOREHOLE DRILLING AND REHABILITATION UNDER FIELD CONDITIONS





Read more





 




UNDER NONSTANDARD CONDITIONS





Read more





 




Returns and Economic Efficiency of Sheep Farming in Semi-arid Regions: A Study in Rajasthan





Read more





 




under Residential Conditions





Read more





 




Physiology of heat stress in cattle and sheep





Read more





 




m-rna profiling of HSP-70 under different tropical stress conditions in various broilers





Read more





 




Lipid Productivity Of Chlorella pyrenoidosa In A Customized Lab Scale Photobioreactor Under Stress Conditions





Read more





 




Faecal cortisol metabolite excretion and stress in Standardbred Trotters under field conditions and during treadmill training





Read more





 




Stability of D-shaped tunnels in a Mohr Coulomb material under anisotropic stress conditions





Read more





 




HYDRAULIC FRACTURING & WATER STRESS:





Read more





 












×
Report "Review: Water stress in sheep raised under arid conditions"





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes












Copyright © 2024 KIPDF.COM. All rights reserved.

About Us |
Privacy Policy |
Terms of Service |
Help |
Copyright |
Contact Us










×
Sign In






Email




Password







 Remember me

Forgot password?




Sign In




 Login with Google
 Login with Facebook














