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ABSTRACT 

Limited fresh water resources due to climatic changes are major challenges to face the 

animal production industry, especially in semi-arid and arid regions. The survey study was 

conducted to assess the perception regarding the quality of Lake Basaka water for sheep 

and goats in relation to their physiological and blood response in Fentalle pastoralists and 

on-station experiment was conducted to evaluate the effects of drinking salinity levels of 

Lake Basaka water on behavioural and physiological responses, and blood constituents of 

Hararghe highland lambs. A total of 28 lambs with initial body weight of 18±1.18kg were 

grouped into four levels of lake water salinity levels, namely freshwater (510mg/l TDS), lake 

Basaka water (LBW; 2560mg/l TDS); lake Basaka water plus 100% TDS of LBW; 5277mg/L 

TDS) and lake Basaka water plus 200% TDS of LBW; 7952mg/L TDS). The survey result 

showed that Lake Basaka water was a major water source for animal drinking, especially 

during dry seasons. Comparison of the measured quality parameters with guideline values 

and pastoralists’ perception showed that Lake Basaka water is saline and alkaline 

indicating, long term intake of the lake may not safe for small ruminants, especially during 

dry seasons and as well as, there were variation of physiological parameters of grazing 

sheep and goat  with greater haemoglobin, urea, and creatinine, while lower blood glucose 

and cholesterol were recorded in goat and sheep drank saline water of lake Basaka at field 

condition. On-station indicated, increasing TDS levels in lake Basaka water varies water 

intake watering frequency, time spent on drinking, inactive behavior and lower of lambs, RT 

and RR, haemoglobin glucose, albumin, urea, triglycerides, sodium, triiodothyronine (T3), 

enzymes of alanine and aspartate aminotransferases and slightly decreased thyroxine (T4). 

No significant difference was observed in dry matter intake, digestibility, and body weight, 

packed cell volume, red and white blood cell, total protein, cholesterol, creatinine, chlorides, 

potassium, magnesium and calcium. In conclusion, the on-station experiment result showed 

that, Hararghe-highland lambs were adapted to water with a high salt level (7952mg/L TDS) 

with some notable physiological changes, indicating that increased salinity beyond the level 

in the present study may affect animal welfare and productivity.  

Keywords: Lambs, lake Basaka, pastoralists, perception, total dissolved solid, water quality 



1. INTRODUCTION 

Sheep and goats are preferably reared by low-income farmers due to low investment capital, 

improved environmental adaptability, dynamic feed behavior, high fertility and growth rates, 

and a rapid reproductive cycle (Gizaw et al., 2010; Tsegaye et al., 2013). Ethiopia is 

endowed with different indigenous sheep and goats breeds with an estimated population of 

33.7 million sheep and 38.96 million goats (CSA, 2018). Moreover, the country has a 

diversified climate that renders it suitable for the support of large numbers and classes of 

livestock (Funk et al., 2012). However, in most areas of pastoral and agro-pastoral located 

in arid and semi-arid areas of the country, the livestock sector is affected by climate change 

and variability, which mainly pose a greater effect on water availability and quality (Adem 

and Bewket, 2011). While nearly 70% of the world is covered by water, only 2.5% of it is 

fresh-water (Oki and Kanae, 2006), which is one of the main problems in semi-arid and arid 

regions, where there is a higher concentration of small-ruminant herds. The main factors 

contributing to water scarcity and quality include climate change, aridity, environmental 

degradation, frequency of droughts and a rapid increase in the human population 

(Haileslassie et al., 2011; Mdletshe et al., 2017)   

Furthermore, in many arid and semi-arid regions, including Ethiopia, both underground and 

surface water are being contaminated with increased salinity due to sea level rises resulting 

from global warming (IPCC, 2018). Consequently, as freshwater is becoming contaminated, 

lake water is playing a significant source of drinking, irrigation, recreation and fisheries 

resources water around the world; and also being affected by climate change the changes in 

their physics, chemistry and biology, and its ecological response will become more 

pronounced in the future  (Jeppesen et al., 2014; IPCC, 2018). Lake Basaka is founded in 

Ethiopian Main Rift Valley, where high water scarcity and poor quality are prevalent 

(Ayenew, 2007; Dinka, 2017). It has a surface area of about 3km2 in 1957, 43.5km2 in 2010 

and saline (EC∼6.3dS/m), sodic (SAR∼300) and alkaline (pH∼9.6). Besides, seasonal 

variations in precipitation, surface runoff, interflow, groundwater flow, pumped in water and 

outflows significantly impact lake water quality (Dinka et al., 2014; Aminiyan et al., 2016).    

Under semiarid conditions, goats and sheep are the most efficient animals in water use due 

to their smaller size and better use of ingested and excreted water, which are associated with 

adaptive processes that increase the efficiency of water use and reabsorption along the 
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digestive tract, which maximizes its use and metabolism during scarcity, as well as the ability 

to tolerate the use of saline and brackish water (Araújo et al. 2010). The maximum safe level 

of salinity that can be tolerated by animals is based on environmental conditions, breeds, 

species and diet (Mdletshe et al. 2017). Assad and El-Sherif, (2002) recommended, camels 

protected themselves from salt stress by lowering the amount of saline water intake, while 

goats and sheep excreted more urine and increased the filtration rate to reduce the high salt 

load resulting from their high consumption of saline water. Greater tolerance of goats than 

sheep to water high in salinity has been noted by McGregor (2004).  

Ruminants are particularly sensitive to sudden and drastic changes in feed composition due 

to their rumen physiology and a stepwise adaptation is recommended for changes in the diet 

(Faniyi et al. 2019). Similarly, stepwise habituation to saline water might help exposed 

animals to cope with higher water salinity without health impairment (Runa et al. 2019). 

Most experiments that investigated the effect of drinking saline water on animal performance 

have been used NaCl added to freshwater elsewhere (Yousfi et al., 2016; Yousfi and Salem, 

2017; Castro et al., 2017; Paiva et al., 2017; Mpendulo et al., 2017; Ghanem et al., 2018; 

Vosooghi-Postindoz et al., 2018) and in Ethiopia (Yirga 2019). Diluted seawater has been 

also used in a few experiments (Assad and El-Sherif, 2002; Attia-Ismail et al., 2008). Very 

a few studies have used actual natural sources of saline drinking water. The once available 

include Sharma et al. (2017) with growing buffalo calves consuming mixtures of a brackish 

water source and freshwater. For small ruminants, in the USA, Tsukahara et al. (2016) 

evaluated the effects of 0, 33, 67 and 100% of a brackish water source with 6900mg/l on 

intake, digestibility, and heat energy by young Boer and Spanish goat wethers. Yirga et al. 

(2018) also investigated the effects of 100% fresh , 100% brackish water, 50% freshwater 

and 50% brackish water, 100- brackish water plus 3450mg/l NaCl added and 100 brackish 

water plus 6900mg/l NaCl on feed intake, digestion, heat energy, ruminal fluid 

characteristics and blood constituents in growing Boer goat wethers and mature Boer goat 

and Katahdin sheep wethers.  

Furthermore, Analysis of farmers’ perceptions regarding the quality of their water sources 

is critical to understand the perceived risk and in integrating this information into the 

policymaking process (Woldetsadik et al. 2018). As well, the farmers have extensive 
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knowledge of many of the interactions existing between animals and their environment, 

particularly those involved in grazing and shelter-seeking behaviour ((Komwihangilo et al., 

2001). Therefore, the perceptions and knowledge they have on water scarcity and quality for 

animal production are likely to influence how best they will manage their animals. 

Understanding the physiological and biochemical adaptability mechanisms underlying the 

ability of small ruminants to adapt to a saline load is a necessary step to develop sustainable 

strategies to raise small ruminants on areas of water scarcity or high salt concentrations 

(Digby et al., 2011). Moreover, although drinking water is a critical nutrient and its quantity 

and quality have a significant impact on small ruminants, the research on drinking saline 

lake water has been neglected and there is a little information on the effects of drinking lake 

water in Ethiopia on small ruminants’ production and productivity.  

Therefore, the overall objective of this study was to assess the farmers’ perception, water 

quality and effects of saline water of Lake Basaka on the physiological, behavioural, 

biochemical, and haematological parameters of sheep and goat in Ethiopia.  

The study was conducted to achieve the following specific objectives; 

➢ to access farmers’ perception of the effect of saline water drinking by livestock and 

determine the salt contents of Lake Basaka water, 

➢ to investigate the effects of drinking saline water of lake Basaka on physiological 

response and blood constituents of free-grazing sheep and goat and, 

➢ to evaluate the effects of drinking lake Basaka saline water and added salt levels on 

physiological, behavioural, and blood constituents of stall-fed sheep.   
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2. LITERATURE REVIEW 

2.1. Small Ruminants Production in Ethiopia 

Ethiopia is home for a large and diverse livestock resources and favourable production 

environments. Livestock production is of subsistence nature. Like all other livestock species, 

sheep and goat in Ethiopia are kept under traditional extensive systems with no or minimal 

inputs and improved technologies, which results in characteristically low productivity 

(Gizaw et al., 2010). Small ruminants in Ethiopia are important sources of both tangible 

(income, meat, milk, skins and manure) and intangible (saving, insurance against 

emergency, cultural and ceremonial) benefits that vary among different cultures, socio-

economies, agro-ecologies and locations (Mohammed and Wondimagegn, 2018). There are 

nine sheep (Solomon et al., 2010) and seven goat  (Mekuria et al., 2018) breeds kept in 

diverse production systems and different agro-climates ranging from the hot arid and 

semiarid areas to the cold humid highlands and evolved to survive in harsh environments at 

the expense of all other factors (production included).  In Ethiopia, sheep and goats are 

mainly kept in two broad production systems namely mixed, and pastoral and agro-pastoral 

farming systems. A mixed farming system is predominantly found in highland agro-

ecological zones where climatic factors are conducive for farming of crops and raising 

livestock. Almost all sheep and goats are produced in mixed crop-livestock and pastoral and 

agro-pastoral production systems characterized by low levels of input and technologies, feed 

scarcity and disease challenge (Getachew and Jane, 2014).  

The mixed crop-livestock production system is often found in the highland agro-ecological 

zones where livestock production is secondary to crop production. The system comprises of 

very small flock sizes due to shrinkage of grazing areas per household, limited feed 

availability and land degradation(Solomon et al., 2014). On the other hand, the pastoral and 

agro-pastoral production systems are found in the arid and semi-arid agro-ecological zones 

where the majority of small ruminants are concentrated. However, the practice of pastoral 

livelihoods, the number of and type of animals, and livestock production and productivity 

have gradually diminished over time.  
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Pastoralist lifestyles in arid and semi-arid regions of Ethiopia are increasingly impacted by 

environmental and anthropogenic drivers, which have contributed to the degradation of the 

rangeland and water resources upon which they depend. Environmental drivers include 

increased rainfall variability, and more frequent and severe droughts, floods which leads to 

water scarcity and salinity for animals (Müller-Mahn et al., 2010). Besides, water is essential 

for agriculture including livestock, increasing global concern that access to agricultural 

water will constrain food production and that livestock production uses and degrades too 

much water, there is compelling need for better understanding of the nature of livestock–

water interactions. Inappropriate animal management along with poor cropping practices 

often contributes to widespread and severe depletion, degradation and contamination of 

water (Haileslassie et al., 2009). 

2.2. Water Quality Challenges to Sheep and Goats 

Water is considered one of the most important substances or nutrients, which consume in 

larger quantity than other nutrients by livestock (Mustafa et al., 2010) it covers almost 98% 

of the molecules in the animal organism (NRC, 2007). Water quality generally refers to 

parameters like colour, odour, taste, bacterial content, mineral content, salinity, and the 

amounts of inorganic or organic compounds used to assess the suitability of water for some 

purpose. Important water quality issues for livestock include water salinity and the presence 

of water contaminants such as blue-green algae, organic material, heavy metals, and 

chemicals. Water salinity is the sum of all the salt ions dissolved in water, including sodium, 

calcium, magnesium, chloride, sulphate, and carbonate ((Ensley, 2013).  

Water salinity is the most important water quality limitation for livestock as they can refuse 

to drink excessively saline water leading to loss of production. Excessively saline water may 

cause salt poisoning in livestock. The reduction of water consumption due to contamination 

causes mineral imbalance. If some particular salts and other elements remain at a higher 

level, it may reduce growth and reproduction or may cause illness and death. Excess of 

magnesium, calcium, sodium, and chloride increases the salinity and may have toxic effects. 

The sulphate ion is the most common component of salinity and high level of sulphate in 

water may cause diarrhoea. Water having more than 1,500 mg sulphate/l reduces the copper 
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status in cattle. Intake of highly alkaline water may cause digestive upsets, diarrhoea, 

reduced feed intake, and feed conversion (Naqvi et al., 2013). Although animals can 

consume high-salinity water for few days without any effect, salinity tolerance depends on 

age, species, season, and physiological condition. However, scanty literature is available on 

the impact of water quality on livestock in Ethiopia. 

2.3. Effects of Climate Change on Water Resources and Quality 

Global warming has wide-ranging impacts on natural systems and human life affecting water 

quantity and quality, ecosystems, food production, and health (IPCC, 2014; Watts et al., 

2015). Observational and climate projection data suggest considerable impacts of climate 

change on freshwater resources (Bates et al,. 2008), which in turn will contribute to wide-

ranging social and environmental consequences (Green et al., 2011).  Different components 

of the hydrological cycle that include atmospheric water vapour content, precipitation, and 

evapotranspiration patterns, the balance between snow cover and melting of ice and glaciers, 

soil temperature and soil water content, and surface runoff and stream flow are affected by 

climate changes (Green et al., 2011). Non-climatic drivers such as population increase, 

economic development, urbanization, and land use or natural geomorphic changes also 

challenge the sustainability of resources by decreasing water supply or increasing demand. 

Climate changes are likely to impact different aspects of quantity and quality of water 

including sediments, nutrients, dissolved organic carbon, pathogens, pesticides, salt, and 

thermal pollution (Whitehead et al., 2009).  

The causes of water salinization vary across the regions of the world. They include the over-

pumping of groundwater and land-use changes (Chang et al., 2011). Reducing groundwater 

levels as a result of over-exploitation of coastal aquifers leads to saltwater intrusion. Climatic 

variables, such as precipitation, surface runoff, and temperature can play a big role in 

affecting saltwater intrusion (Ranjan et al., 2006). While river discharge, tidal range, and 

geological setting are important local factors, climate change and sea-level rise are 

anticipated to aggravate the intrusion process (Mimura, 2013). Besides, excess irrigation for 

food production, especially in arid and semi-arid areas, discharge from industrial and mining 

activities, use of salt for de-icing in cold regions, effluent from sewage treatment plants, and 
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reduced upstream flow due to damming are also responsible for the salinization of water 

((Cañedo-argüelles et al., 2013). 

 
Figure 1. An overview of climate change impact on the water resources  (Rannow, 2014).  

Though Ethiopia is endowed with huge water resources in sub-Saharan Africa with very 

high variation in the spatial and temporal availability of water resources is one of the main 

problems in the country (Awulachew et al., 2007). Moreover, the quality of water is also 

becoming one of the main problems of communities in the vicinity of urban areas associated 

with indiscriminate disposal of industrial and domestic wastes (Legesse and Cover 2010). 

From the perspective of providing adequate drinking water to livestock, the high variation 

in the availability of water and the poor quality of water can have adverse effects on the 

health and productivity of the animals. Despite the aforementioned facts, studies focusing 

on the quantity and quality of water, which is intended for livestock production, are very 

limited in Ethiopia.  Studies assessing livestock production in Ethiopia hardly included 

issues of the availability and quality of livestock drinking water and at the most only gave a 

very limited insight without further details. Tsegaye et al. (2008) reported the scarcity of 

water during the dry period as one of the main constraints to livestock production. 

Particularly, the quality and quantity of water resource in the Rift Valley area of the country 

is adversely affected by anthropogenic activities  (Ayenew, 2007). Most of the closed-basin 

types of the Main Ethiopian Rift Valley lakes are experiencing water level and salinity 

fluctuations (Dinka et al., 2014; Dinka, 2017).  
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2.4. Water Quality of Lake Basaka 

Lake Basaka is located in the Ethiopian Rift Valley Lakes adjacent to Matahara sugar estate, 

Matahara town and Fantalle village (Ethiopia), has been expanding at a very fast and 

dramatic rate over the last about 5 decades (Dinka et al., 2009; Dinka, 2012; Dinka et al., 

2014). The surface area of the lake was increased from 3 km2 in the 1960s to about 48.5 km2 

in 2010 (Dinka, 2012). The lake water is saline (EC∼6.3 dS/m), sodic (SAR ∼300) and 

alkaline (pH∼9.6) and not usable for irrigation and domestic purposes. The expansion of the 

lake with its poor water quality has various negative (socio-economic and environmental) 

impacts of the region. Topographically, the lake is surrounded by various plateaus, which 

are the extensions of the Hararghe Highlands. Geologically, the area is characterized by 

features of past and recent volcanic events. It is bordered by older volcanoes and a rift margin 

in the eastern side, by young Quaternary complexes of Fantalle crater in the northern part, 

and by Kone in the western sides. It is founded in Matahara plain area which a semi-arid 

climate, characterized by bimodal and erratic rainfall distribution. The major rainy season 

occurs from July to September and the minor/occasional rain occurring from March to April 

(Dinka et al., 2009; Dinka, 2012) 

Lake Basaka is experiencing a reducing trend in water quality due to the dilution effect and 

also reduction of total ionic concentration occurred in Lake Basaka over 2 decades (1960-

1980) (Dinka, 2017b). The reduction of ionic concentrations with the increment in lake 

volumes was expected. The volumetric increment of Lake Basaka has resulted in a reduction 

of ionic concentration and a concomitant shift in the phytoplankton community. The 

reduction in most of the ionic concentrations is not significant in recent years (post-2000) 

and remains almost stable(Dinka, 2017a). The relatively stable or increasing ionic 

concentration of some parameters in the past 30 years may indicate that there are chemical 

sources to Lake Basaka by natural factors and/or anthropogenic effects. Natural factors could 

be weathering processes, soil erosion, sediment loading, deposition of animal and plant 

debris, and solution of minerals in the basin. The geologic condition of Lake Basaka 

catchment and its high evaporation can be another natural factor (Dinka, 2017b). Local 

anthropogenic processes could be discharges from the factory, domestic sewage, and 

farming activities are other courses (Dinka et al., 2014b). 
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Table 1. Physiochemical properties of Lake Basaka water across years  

Year 
Physiochemical parameters 

pH  EC  Na+ K+ Ca+2 Mg+2 Cl-  SO4
-2  HCO3

-2 CO3
-2 

1996a 9.7 6385 882 67.6 4.2 3.7 863 -  515 622 

2000b 9.71 -  1740 64 3.15 0.7 542 494 -  - 

2003 (Jan)c 9.54 -  2160 80 2.18 0.38 421 620 -  - 

2002 (Jun)d 9.6 7335 2449 38 18.2 6.1 1062 1504 2177 385 

2003 (Apr)d 9.8 7804 1831 15 8.4 12 996 1080 1932 624 

2006c 9.7 6730 1805 63.8 3.02 1.2 571 540 -  - 

2007 (May)a 9.57 6280 2583 61.4 7 1.7 927 1020 1213 350 

2009 (May)a 9.52 6170 2579 61.8 4.5 1.1 915 986 1140 340 

2010 (May)d 9.52 6168 2582 62.1 4.5 1.5 922 987 1174 322 

2015 (May)e 9.51 6150 2587 62 4.2 1.2 937 990 1180 320 

2017e 9.42 2709.9 1415.1 45.8 
  

339.8 187.22 - 80.7 

2018f 7.5-

10.9 

1407 

3321 

 

- 

0.64-

1.74 

0.54-

4.22 

0.26-

2.07 

202 70 - -  

2019j 9.16 - 453 15.5 1.89 0.312 307 - - 109 

All are in units of mg L-1, except EC (µS cm-1). Sources: a Dinka, 2012; bAyenew, 

2007;cKlemperer and Cash, 2007; d Dinka 2017b; e Fuad and Gelaneh, 2019; f Umer et al., 

2019; jYirga et al., 2019.  

Water quality of Lake Basaka was studied by different researchers’ (Ayenew, 2007; Dinka, 

2012; Dinkaa et al., 2015) Based on its high salinity and alkalinity levels, the use of Lake 

Basaka water for irrigation and drinking purpose is impossible. The excessively high Na 

content of Lake Basaka has the potential to destroy soil structure and aggregate stability, 

which can lead to reduced organic matter/carbon content and other problems. There is a 

tendency of Na salts to exceed above their solubility limit in lake water, which leads to 

precipitation of Ca salts as CaCO3. The salinity (EC) concentrations are exhibiting a 

reduction trend since the 1960s (Table 1). The reduction in EC is very dramatic until the end 

of the 1970s. Since then, the reduction is gradual and very slow. The salinity level was about 

74.17 dS/m (Dinka et al., 2014b) and hence, decreased by about 12-fold (∼6.15 dS/m in 

2015) across the past half-century (1960-2015). 

2.5. Adaptation of Sheep and Goat to Saline Water 

Animal performance plays a vital role in the monitoring of physiological responses of 

animals to their environment (Eigenberg et al., 2013). Indigenous small ruminants’ genetic 

resources in Ethiopia have evolved largely through natural selection and developed specific 
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adaptations to the existing harsh environment, which makes them suitable for use in the 

traditional, low-input production system (Gizaw et al., 2008). They produce and reproduce 

under climatic stresses, poor quality feed, seasonal feed and water shortage, endemic disease, 

and parasite challenge (Mirkena et al., 2010). The physiological features of goats that are 

responsible for superior digestion capacity include large salivary glands, the large absorptive 

area of their rumen epithelium, and the capacity to rapidly change the volume of the foregut 

in response to environmental changes. Mcgregor (2004) reported that Goats safely used 

saline water with up to 11,000 mg TDS/L and 470 mg Mg/L. It appears goats can tolerate 

water with high salinity levels and prefer water with up to 12,500 mg/L to freshwater, but 

they need to be adapted to saline water. Evidence of the ability of goats to survive on 

seawater was found and, in all circumstances, the goats were adapted and had access to shade 

and moist herbage. During drought, goat producers should monitor the salinity of their water 

supply, particularly new sources of water. However, Long-term effects of increased saline 

water intake and elevated trace element exposure in adapted goats should be investigated. 

Zoidis and Hadjigeorgiou (2018) reported that young male adapted goats can tolerate high 

levels of salinity in drinking water, for at least 2 weeks, without harmful effects. The salinity 

tolerance of animals is based on species, age and physiological conditions of small 

ruminants. Many scholars (Araújo et al., 2010; Gerard, 2016) indicated that animals under 

physiological stress due to pregnancy, lactation, or rapid growth, are susceptible to salinity 

effects. Differences in sensitivity to salinity are most likely reflective of specific metabolic 

demands of animals (Olkowski, 2009). A study by Runa et al. (2019) confirmed higher body 

weight gain (52.8 vs 42.7 kg), feed consumption (1.02 vs 0.822 kg/day), and water intake 

(0.721 vs 0.426 l/day) in older than young goats offered 1.5% NaCl in drinking water. The 

salt content of water and diet also affects the tolerance of livestock to high saline water. 

Drinking water with guideline value of salt increased feed and water intake in animals, but 

too saline water affects animal performance and health (Attia-Ismail et al., 2008). While, 

livestock grazing green pastures are more tolerant to drinking high saline water as compared 

to those grazing dry pastures or saltbush, as the high moisture content of green feed will 

dilute the salinity levels of the water supply (Gerard, 2016). 

2.6. Feeding Recommendations of Salt for sheep and Goat 
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Feeding recommendations refer to the minimum intake of nutrients required for production 

and good health. The sodium requirements for sheep and goats are estimated using a factorial 

approach considering maintenance, growth, pregnancy, and lactation (NRC, 2007). 

Endogenous sodium losses also need to be considered when estimating total daily sodium 

requirements for small ruminants. Sodium requirements for maintenance and lactation are 

added to the true absorption rate of 0.91 and the absorption rate of sodium in goats is around 

80%, which is slightly lower than in sheep (NRC, 2007).  

Table 2.Guidelines for the use of saline water by livestock 

TDS (mg/l) Effects on Livestock 

< 1,000  Relatively low level of salinity. Should not present any serious burden to 

livestock. 

1,000-2,999  Should be satisfactory but may cause temporary and mild diarrhoea in 

unaccustomed livestock. Should have no other effects on health or performance. 

3,000-4,999  Should be satisfactory for livestock, although might cause temporary diarrhoea 

or be refused at first. Poor waters for poultry, often causing watery faces, 

increased mortality, and decreased growth, especially in turkeys. 

5,000-6,999 Can be used with reasonable safety for dairy and beef cattle, sheep, pigs, and 

horses. For pregnant or lactating animals or horses in work, avoid using water 

with salinity at higher levels in this range. Unacceptable for poultry. 

7,000-

10,000 

The considerable risk in using water for pregnant or lactating stock, young 

animals, or any animals subjected to heavy heat stress or water loss. 

Unacceptable for poultry. Unsuitable for pigs and horses. In general, should be 

avoided in livestock, although older livestock may subsist on these waters in 

conditions of low stress. 

10,000-

15,000 

Risky. Cannot be used for stock other than adult, dry sheep. 

>19,000 Toxic: effects will vary depending on the type of salts present. 

Source: Greg, 2014. 

2.7. Effects of Drinking Saline Water on Small Ruminants  

2.7.1. Feed and water intake 

The intake of water is an important responsibility for establishing the adaptive capacities of 

sheep ((Minka and Ayo, 2010; Sejian et al., 2010). The concentration of salts in the drinking 

water may influence water intake in small ruminants. Ingestion of salt (sodium chloride) in 

water or feed, as salt added to the diet or while grazing saltbush, has an impact of the feed 

intake and water intake of sheep, and on the hormonal control of both energy balance and 
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salt and water balance ((Digby et al., 2011). However, the magnitude of the depression of 

intake is dependent on the type of feed (halophytic plants or constituents of diets with salt 

added) and is reduced more with the higher quality and digestibility of feed and greater 

moisture content in the leaves. The different sensitivity of feed intake to the ingestion of salt 

either from food or drinking water might be due to different responses of the digestive system 

of sheep to salt diet and salty water ((Digby et al., 2010). 

 Many studies found that water consumption is increased as the salinity level increased. 

Yousfi et al. (2016) found that offering water with 7g NaCl/l in Barbarine lambs increased 

water intake (P<0.001) compared with lambs offered fresh water. Moreover, in Barbarine 

rams, Yousfi and Salem (2017) reported that water intake was increased (P<0.05) with the 

increase of salt in drinking water from 11 to 15g NaCl/l compared with the tap water group. 

More related studies showed similar results, increasing water consumption of sheep as 

salinity level increased (Moura et al. 2016). On the other hand, some studies found no effect 

of saline water on water consumption in ruminant species, Tsukahara et al. (2016) noted that 

the water intake was not affected in Boer and Spanish yearling wether goats consuming 

freshwater or brackish water containing 6,900mg TDS/l. Moreover, in dairy cattle, 

Shapasand et al. (2010) found that drinking saline water containing 900 or 3400ppm TDS 

did not affect water consumption. In contrast, many other studies had been revealed that 

water consumption was decreased as the salinity level increased in drinking water due to less 

palatability of saline and to decrease the salt stress. Mdletshe et al. (2017) showed that the 

average daily water intake was decreased (P<0.05) in non-lactating female Nguni goats 

which offered 5.5 and 11g NaCl/l in drinking water compared with those offered reservoir 

water 0.033g TDS/l.  

Generally, feed intake of both sheep and goats increased by increasing the level of salinity, 

while species differences existed. Water intake response to a load of elevated salt was higher 

in sheep than goats (Attia-Ismail et al., 2008). Yousfi and Salem (2017) reported that the 

administration of NaCl in the water at rates of 11 and 15g/l decreased feed intake (P˂0.01) 

in Barbarine sheep by 4% and 14%, respectively compared with the tap water group. Also, 

in goats, Mdletshe et al. (2017) showed that the average daily feed intake was significantly 

(P<0.05) reduced with increasing salinity levels in drinking water in female goats from 0 to 
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5.5 and from 5.5 to 11g TDS/l. Similarly, saline water decreased feed intake in goats 

(Eltayeb, 2006; Zoidis and Hadjigeorgiou, 2017) beef cattle (López et al., 2016)  and calves 

(Sharma et al., 2017). On the other hand, in the crossbred Santa Inês sheep, (Moura et al., 

2016) noted that the dry matter intake was not influenced by water salinity level (640, 3188, 

5740, and 8326 mg TDS/l). Offering brackish water containing 6900 mg TDS/l did not affect 

feed intake in Boer and Spanish yearling wether goats (Tsukahara et al., 2016). Furthermore, 

Alves et al. (2017) reported that the increase of TDS concentrations in drinking water from 

640, 3187, 5740 to 8326 mg TDS/l did not affect the dry matter intake in heifers. Besides, 

Visscher et al. (2013) indicated that the feed intake was significantly (P<0.05) increased in 

young bulls consuming saline water (5 or 10g TDS/l) compared with 0.1g TDS/l group.  

2.7.2. Growth performance  

Different studies were reported that different concentrations of salt levels in drinking water 

have effects of the bodyweight of sheep and goat under different management. Mcgregor 

(2004) found that Australian domestic goats on seawater of 3.6% of body weight per day for 

24 days occurred with 15 to 20% weight loss. In contrast, in Barbarine lamb, Yousfi et al. 

(2016) found that offering saline water containing 7g NaCl/l did not affect the final body 

weight. Besides, in castrated goats, Zoidis and Hadjigeorgiou (2017) indicated that the NaCl 

at the levels of 0.5, 5, 10, and 20% in drinking water did not affect the body weight. Some 

studies stated that body weight gain was adversely affected by water salinity.  

For example, Mdletshe et al. (2017) reported that, as the salinity level increased from 0 to 

5.5g TDS/L, the average daily gain was decreased from 57.6 to 48.3g/d in Nguni goats. 

Furthermore, the increase in salinity level from 5.5 to 11g TDS/L, decreased ADG further 

from 48.3 to 17g/d. Reduced ADG could be due to reduced ADFI and ADWI at salinity 

levels above 5.5 g TDS/L. Similarly, there was a slight tendency of bodyweight decrease 

noted at the highest (20%) concentration of NaCl, which increased again when freshwater 

was delivered (Zoidis and Hadjigeorgiou, 2017). Also, water salinity negatively affects the 

body weight, liver, and kidney appearance of Barki sheep and thus sheep production 

(Ghanem et al., 2018). On the other hand, body weight gain was not affected by saline water 

according to some studies. For example, in Barbarine lamb, Yousfi et al. (2016) found that 

offering water with 7g NaCl/l did not affect the average daily gain. On the contrary, in Barki 
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ram lambs, Hekal (2015) showed that saline water (2886ppm TDS) increased the average 

daily gain compared with the group of consumed 275ppm TDS, with average daily gain of 

80 and 50g, respectively.  

2.7.3. Behavioural and physiological responses  

Animal behaviour can be used to indicate the quality of the whole production system, 

including individual activities of the animal in its social and physical environment (Custodio 

et al. 2016). Feeding behaviour is affected by environmental constraints including water 

stress. The Ingestive behaviour is an important tool for evaluating the animal response to 

certain diets, because it allows for understanding the factors acting on the regulation of the 

intake of feed and water, thus making it possible to establish adjustments in the feeding 

management of animals aiming at the better productive performance (Carvalho et al., 2004; 

Mendonça et al., 2004). A few studies were reported that the behaviour of sheep and goats 

is influenced by water stress. For instance, Moura et al. (2016) reported changes in feed 

efficiency, rumination, and water consumption with the elevation in salinity levels of water 

offered to sheep. Similarly, Leite et al. (2019) found that Morada Nova females’ sheep that 

consumed water with an SL of 9.0 dS/m spent a greater amount of time drinking water 

compared to those consuming water with an salinity levels of 3.0dS/m. 

Thermoregulation traits include rectal temperature, respiration rate, pulse rate and thyroid 

activity are the major indicator for adaptability of animals to stress.  Sheep are homeotherms, 

they try to maintain their body temperature within a fixed range even under harsh climatic 

conditions. Normal rectal temperatures range between 38.3 and 39.98oC under thermo-

neutral conditions, but when exposed to heat stress (33-38.58oC), the rectal temperature 

increases significantly and when surrounding temperatures exceed 42.8oC, it becomes life-

threatening to the sheep (Marai et al. (2007)  Reports on the effect of water stress on the 

rectal temperature in sheep and goat are not consistent. According to Hekal (2015), rectal 

temperature was increased in Barki ram lambs offered saline water containing 2886ppm 

TDS compared with the control group (275ppm TDS). In contrast, many studies showed that 

water salinity did not affect rectal temperature. For example, saline water did not affect the 

rectal temperature in goats (Eltayeb, 2006; Mdletshe et al., 2017)). Similarly, increasing up 
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to 8000mg/l TDS content in drinking water had no significant effect on the rectal 

temperature of Baluchi lambs (Vosooghi-Postindoz et al., 2018). 

Some studies clarified that the respiration rate increases by drinking saline water. For 

example, Hekal (2015) indicated that Barki ram lambs offered saline water containing 

2886ppm TDS had a higher respiration rate than the 275ppm TDS group, (55.34 vs. 

48.8breaths/min., respectively). Similarly, Eltayeb (2006) found that the respiration rate was 

significantly (P<0.05) higher during summer at 2:30 pm in female Nubian goats offered 

saline water (0.8, 1.2, 1.6, and 2.0% NaCl during four consecutive periods of 10 days) than 

those offered tap water. However, in goats, Mdletshe et al. (2017) found that the respiration 

rate was not influenced by saline water containing 0, 5.5, or 11g TDS/l.  The pulse rate of 

animals is also influenced by water salinity. The observed increase in pulse rate of goats at 

11g TDS/L, when compared to the 0.0g TDS/l and 5.5g TDS/l saline  (Mdletshe et al., 2017). 

Similarly, increase of the salinity level from 6.0 to 9.0dS/m, resulted in a significant 

reduction of 12.2% in the pulse rate of Morada Nova female’s sheep (Leite et al., 2019). 

Higher pulse rate indicates that animals were directing more energy to the heart to excrete 

excess salt from the body system. However, Yirga (2019) reported the absence of effect of 

water salinity level of up to 17 g TDS/l on thermoregulation traits of growing and mature 

Blackhead Ogaden sheep and Somali goats.  

2.7.4. Blood haematological variables  

Blood is an important and reliable medium for assessing the health status of the individual 

animal (Bhat et al., 2011). Variations in haematological responses of animals are due to 

several factors such as altitude, feeding type, age, sex, breed, diurnal and seasonal variation, 

temperature, and physiological status of animals (Bhat et al., 2014). Many studies indicated 

that saline water decreased blood haemoglobin (Hb). For instance, in female Nubian goats, 

Eltayeb (2006) showed that during the summer season the blood Hb was decreased (P<0.05) 

in goats offered saline water (1.2 and 1.6% NaCl) compared with those offered tap water. 

Also, in Barki sheep, a decrease in haemoglobin concentration (Hb) was observed in the 

saline water group (2800ppm TDS) than that in the tap water group (10.74 vs 2.38 mg/dl, 

respectively) (Heka, 2015). In contrast, many studies showed that saline water did not affect 

blood Hb. For example, in Barbarine lamb, Yousfi et al. (2016) found that saline water (7 g 
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NaCl/l) did not affect the blood Hb. Several studies reported that saline water increased PCV. 

Zoidis and Hadjigeorgiou (2017) reported PCV significantly increased (P<0.001) in 

castrated goats offered saline water (20%NaCl) compared with those offered tap water. In 

contrast, blood PCV was decreased by saline water in some experiments. Eltayeb (2006) 

showed that the blood PCV was decreased (P<0.05) in female Nubian goats offered saline 

water (1.2 or 1.6% NaCl) compared with those offered tap water. However, saline water did 

not affect the blood HCT values in, Barki lambs (Hekal, 2015), and Barbarine lamb (Yousfi 

et al., 2016). Also, in goats, Tsukahara et al. (2016) noted that brackish water containing 

6900 mg TDS/l did not influence the blood HCT values.  

Different studies indicate that Red blood cell count and indices were influenced by drinking 

saline water on sheep and goat. Zoidis and Hadjigeorgiou (2017) showed that saline water 

(20% NaCl) increased (P<0.001) red blood cells count (RBCs) and increased (P<0.01) the 

mean corpuscular haemoglobin concentration (MCHC) in castrated goats compared with the 

freshwater group. In contrast, in Barbarine lamb, Yousfi et al. (2016) found that RBCs count 

was not affected by saline water containing 7g NaCl/l. Similarly, on Baluchi lamb, raising 

the content of TDS (8000mg/l) in the water had no any significant effect on RBC counts and 

indices (Vosooghi-Postindoz et al., 2018). Moreover, the values of mean corpuscular 

haemoglobin (MCH) were increased (P<0.001) at 0.5 and 5% NaCl then return to the control 

range at 10% and 20% NaCl. While the values of mean corpuscular volume (MCV) were 

decreased (P<0.001) at 0.5, 5, and 10% NaCl then latterly return to the control range at 20% 

NaCl, while platelets count was not affected. Besides, in Barbarine lamb, Yousfi et al. (2016) 

found that offering saline water (7g NaCl /l) did not affect the blood WBC, MCV, MCH, 

MCHC, and platelets count. Similarly, Zoidis and Hadjigeorgiou (2017) indicated that WBC 

was not affected in castrated goats having access to saline water (20% NaCl) or freshwater.  

2.7.5. Biochemical blood variables 

The knowledge of biochemical blood variables is necessary to define the biochemical 

profile, energy metabolism, metabolism disorders, liver function, bone abnormalities, and, 

based on them to access the adaptation level of animals to climatic adversities (Swenson and 

Reece, 2006). many studies stated that saline water increased blood glucose concentrations. 

Hekal (2015) reported that plasma glucose increased in Barki ram lambs offered saline water 



17 

 

 

 

(2886 ppm TDS) compared with the tap water group. Also, in Barbarine sheep, Yousfi and 

Salem (2017) reported that glucose (P<0.01) was increased in groups offered saline water 

containing 11 or 15g NaCl/l TDS compared with the freshwater group. Similar results were 

observed in castrated goats (Zoidis and Hadjigeorgiou, 2017). Nevertheless, Tsukahara et 

al. (2016) noted that the blood glucose concentration was higher (P<0.05) in Boer and 

Spanish yearling goats consuming tap water than those offered water containing 6,900mg 

TDS/l. Besides, Preeti et al. (2018) found that there was a significant decrease (P<0.05) in 

plasma glucose with increasing salinity water in calves. On the other hand, in Barbarine 

lamb, Yousfi et al. (2016) found that offering water with 7g NaCl/l in lamb did not affect 

the serum level of glucose.  

On the other hand, Hekal (2015) observed that saline water containing 2886ppm TDS 

increased the plasma total protein compared with the 275 ppm TDS group. Similarly, Zoidis 

and Hadjigeorgiou (2017) indicated that the blood total protein and albumin concentrations 

were significantly (P<0.001) increased in castrated goats offered water containing 20% NaCl 

compared with 0% NaCl group. Similar results were observed in Barki lambs (Hekal 2015) 

and goats (Eltayeb, 2006). In contrast, many studies reported that saline water decreased 

blood albumin. For instance, in calves, Preeti et al. (2018) found that the increasing levels 

of TDS in drinking water from 500 ppm TDS to 2000, 4000, 6000, or 8000 ppm TDS 

decreased (P<0.05) the plasma albumin level. However, Yousfi and Salem (2017) reported 

that the plasma albumin concentrations were not affected by saline water.  

Hekal (2015) found that blood globulin concentrations were increased in Barki ram lambs 

offered 2886 ppm TDS water compared with those offered tap water. In contrast, Zoidis and 

Hadjigeorgiou (2017) indicated that saline water containing 20% NaCl did not affect the 

blood globulin in castrated goats and also, the increased blood cholesterol as a result of 

offering saline water containing 8000mg/l TDS observed in Baluchi lambs (Vosooghi-

Postindoz et al. 2018). On the other hand, many studies reported that saline water decreased 

blood cholesterol. Hekal (2015) found that offering saline water (2886ppm TDS) decreased 

the plasma cholesterol in lambs compared with the tap water group. Also, Mehdi et al. (2015) 

found that the serum cholesterol concentrations were decreased in Barbarine sheep offered 

saline water (10% NaCl) compared with the 5% NaCl group. Runa et al. (2019) showed that 
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saline water (10350 mg TDS/l) significantly (P<0.01) increased the plasma triglycerides in 

growing Boer goat wethers. However, Mehdi et al. (2015)  found that a high concentration 

of saline water (10% NaCl) decreased serum triglyceride concentrations during the first 

month of lactation in Barbarine sheep (P<0.05) compared with those offered low 

concentration (5% NaCl).  

Urea is mainly synthesized in the liver using NH4
+, the end product of protein catabolism, 

and is released to the blood. Urea is excreted by the kidneys to rid the body of the excess N 

intake that was not used for maintenance or production, or it is recycled through saliva or by 

reabsorption into the rumen to be utilized by rumen microflora (Huntington and Archibeque,  

2000). Yousfi and Salem (2017) reported that the plasma urea was significantly (P<0.001) 

higher in Barbarine sheep offered saline water containing 11 or 15g NaCl/l compared with 

those offered tap water, suggesting an alteration of kidney function. In Barki sheep, Ghanem 

et al. (2018) showed saline water (4557 or 8934 ppm TDS) for 9 months significantly 

(P<0.05) increased the serum urea compared with the tap water group. Similar results were 

observed in castrated goats (Zoidis and Hadjigeorgiou, 2017), and in Baluchi lambs 

(Vosooghi-Postindoz et al., 2018). On the other hand, Mehdi et al. (2015) reported that 

serum urea concentration reduced during the second month of lactation (P<0.01) in 

Barbarine sheep offered saline water containing 10% NaCl compared with 5% NaCl group.  

Creatinine is produced in the muscles and excreted by the kidneys in proportion to the muscle 

mass and the rate of proteolysis (Caldeira et al., 2007).  In Barbarine lambs Yousfi et al. 

(2016) found that offering water with 7g NaCl/l significantly increased the serum creatinine 

compared with the freshwater group. Besides, in Barki sheep, Ghanem et al. (2018) showed 

saline water (4557 or 8934 ppm TDS) for 9 months significantly (P<0.05) increased the 

serum creatinine concentrations compared with the tap water group. Similarly, saline water 

increased blood creatinine in Barbarine lambs (Yousfi and Salem, 2017), goats (Mohammed, 

2008; Zoidis and Hadjigeorgiou (2017). However, Hekal (2015) showed that plasma 

creatinine was lower in saline water in the lambs’ group (2886 ppm TDS) than tap water 

group (0.77 and 0.87mg/dl, respectively). Serum enzymes like aspartate aminotransferase 

(AST) and alanine aminotransferase (ALT) are indicators considered for liver health, and 

major changes to their concentration can indicate liver damage (Badakhshan and , 
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Mirmahmoudi 2016).  Assad and El-Sherif (2002) observed an elevation of plasma AST and 

ALT (P<0.05) in sheep offered saline water containing 13,535 ppm TDS compared with 

those offered freshwater group. Besides, in calves, Preeti et al. (2018) showed a significant 

increase (P<0.05) in plasma AST and ALT with the increasing of the water TDS.  

Increased renal retention of Na+ is a physiological response to water restriction in different 

small ruminant breeds, which allows the maintenance of sodium balance in the body. Eltayeb 

(2006) showed that increasing NaCl concentration in drinking water increased (p<0.001) the 

serum sodium level in female Nubian goats. The  increase of water salinity (0.5%, 5%, 10%, 

and 20% NaCl) increased the plasma sodium (P<0.05) in castrated goats (Zoidis and 

Hadjigeorgiou, 2017). In contrast, Meintjes and Engelbrecht (2004) reported the plasma 

sodium concentrations were significantly (P<0.05) decreased in sheep offered saline water 

containing 4.5 or 9g NaCl/l compared with the freshwater group. Similar results were 

observed in sheep (Hekal, 2015). 

2.8. Symptoms of salt poisoning 

Sodium chloride poisoning may be caused by excessive intake of salt (direct salt 

poisoning) or by a shortage of water (indirect salt poisoning); more often than not by a 

combination of these two factors (Gupta, 2012). The concentration of sodium chloride in the 

feed or drinking water which meets the physiological demands of the organism without 

causing toxicity is less than 0.5%. Salt is more toxic if dissolved or mushy, i.e. readily 

accessible to absorption, then if solid, e.g. in salt lick blocks (Kahn, 2010). Sodium and 

chloride ions are responsible for the osmotic balance in the body. Increased blood osmolality 

causes thirstiness stimulates water uptake and because it affects the antidiuretic hormone, it 

causes water retention in the organism. This compensation mechanism decreases 

osmolality and is effective only if the animal has enough water at its disposal. Clinical 

symptoms of poisoning develop within 1-2 days (Gupta, 2012). Therefore, the technique 

could easily be adopted by resource-limited smallholder farmers under a traditional farming 

system in assessing sheep and goats which are negatively affected by saline drinking water. 
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3. MATERIALS AND METHODS  

3.1. The Framework of the Study 

This thesis research has two major interrelated studies. The first experiment was designed to 

assess the perception of livestock owners using lake Basaka as a source of livestock drinking 

water and grazing ruminants response to drinking the lake, and the second study was aimed 

to evaluate the effects of drinking saline water of lake Basaka and to which NaCl is added 

to increase its salinity on sheep kept under intensive management at Haramaya University 

goat farm.  

3.2. Survey Study  

3.2.1. The geographical location of the Study Site 

The survey study was conducted in the Fentalle district which is located in the Ethiopian 

Mid Rift Valley, Oromia regional state crossed by the Kesem and Awash River, 193 km east 

of the capital Addis Ababa. The district is geographically located within 8o45′ to 9o10′ N 

latitude and 39o48′ to 40o00′ E longitude (Figure 2). It is bordered, in the northeast by the 

Afar Regional State, southeast by the Arsi Zone, south by the West Hararghe zone, southwest 

by the Boset woreda, and northwest by the Amhara Regional State. Most parts of the Fentalle 

district range from 900 to 1000 meters above sea level. Lake Basaka is located 8°51.5’N 

latitude and 39°51.5’E longitude, and altitude of 950 m.a.s.l in the Middle Awash Basin, 

central rift valley of Ethiopia. The lake is volcanically dammed, endorheic, and terminal 

situated in the northern part of the Main Ethiopian Rift (MER) atthe near distance to the Afar 

triangle (Belay, 2009). The lake catchment is about 500 km2, and receiving an annual rainfall 

of approximately 0.28 billion m3. The surface area of the lake was increased from 3 km2 in 

1960s to about 48.5km2
 in 2010. The long term mean annual rainfall is about 543.7mm and 

the mean maximum and minimum temperatures are 32.9°C and 17.5°C, respectively. The 

climate of the area, in general, is classified to be semi-arid (Dinka, 2012; Dinka, 2014a). 
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Figure 2. Map of the study area (Fentalle district) 

3.2.2. Study animals, design and sample size determination 

Cross-sectional study design was carried out to access perception regarding the effects of 

drinking saline water of Lake Basaka on goats and sheep during February 2019. The study 

animals were selected using a simple random sampling method. A total of 76 households 

were selected based on goat and sheep ownership, distance to the lake Basaka water source, 

the use of the lake water for goats and sheep drinking. Questionnaires were translated into 

the local language (Afan Oromo) to improve the quality of responses by farmers and also to 

improve the quality of data capture. Household heads, sheep and goat keepers, and elderly 

members of the communities were identified for the interviews. Secondary data about 

livestock species kept, water sources, and water availability comparison for the past years 

was obtained from key informants and agricultural extension officers. Aspects covered in 

the questionnaire included household demography, sheep and goat production, perception of 

owners on the effects of lake Basaka water on livestock production, water accessibility, and 

quality.  

A study on animal response was carried out with 60 (30 sheep and 30 goats) female adult of 

local breeds; 15 sheep and 15 goats were those drinking saline water of lake Basaka and 

another group of 15 goats and 15 sheep were those not drinking lake Basaka water. Animals 

were purposely selected from households involved in the interview. All animals were 

clinically healthy at the time of sampling. Physiological (rectal temperature, respiratory and 
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pulse rate) measurement was taken for seven consecutive days at 7:00 am while the animals 

were in the koraal/barn and at 5:00 pm after the animals’ rest for about an hour after return 

to the barn. The rectal temperature (RT) of animals was measured with a digital clinical 

thermometer with a range of 32.0-43.9oC. The respiratory rate (RR) and heart rate (HR) were 

measured through auscultation of the heart sounds with the aid of a flexible stethoscope at 

the level of the laryngotracheal region by counting the number of movements and beats for 

20sec, and the results multiplied by 3 to report at a minute time scale (Mengistu et al. 2007). 

On the 7th day of the measurement, blood samples were collected in 5ml vacuum tubes 

containing EDTA for haematological analysis and in 7ml vacuum tubes containing separate 

gel and clot for biochemical analysis from the jugular vein of each sheep and goats used for 

the measurement of physiological parameters and taken to Haramaya university laboratory.  

3.2.3. Water sampling and analysis 

New plastic bottles were labelled and transported to the sampling site. The bottles were 

rinsed twice with sample water before they are filled with water samples. Samples were 

collected from six sites from the surface of the lake, four of them at the four corners of the 

lake, and two from the central part of the lake during February 2019 and November 2019. 

The sites were chosen based on near to animal drinking sites and the guidelines for water 

analysis. The water sampling and analysis were done as per the APHA (2005) standard test 

guidelines (Dinka et al., 2015) (Table 3). The previous water quality condition of the lake 

was taken from previous studies (Ayenew, 2007; Dinka, 2012) for comparison purpose.  

Table 3. Methods adopted for water quality analysis (Dinka et al., 2015) 

Quality Parameters  Symbol  Method Used 

pH  pH  Potentiometric (1:2.5 H2O v/v) 

Electrical Conductivity  EC  Conductometry (1:2.5 H2O v/v) 

Calcium  Ca2+ EDTA titrimetric 

Magnesium  Mg2+  EDTA titrimetric 

Sodium  Na+ Flame photometric 

Potassium  K+ Flame photometric 

Chloride  Cl- Titration 

Carbonate  CO3 Titration 

Bicarbonate  HCO3 Titration (with H2SO4) 
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3.3. On Station Experiment 

3.3.1. Study site description 

The on-station experiment was conducted at Haramaya University Goat Farm, which is 

located at 42°E longitude and 9°N latitude. The area is located 515km east of Addis Ababa 

and located at an altitude of 1950m above sea level. It has an average temperature of 16°C 

with a mean annual temperature ranging from 9.73 and 24.02°C. The area has a bimodal 

type of rainfall and receives an average annual total rainfall of 790mm (Mishra et al., 2004).  

 
Figure 3. Map of the study area (Haramaya University) 

3.3.2. Animal, treatments, experimental diets 

A total of twenty-eight healthy yearling Hararghe highland lambs with an average initial 

body weight of 18.19±1.18kg were distributed into individual stalls which were equipped 

with feeders and drinkers for diet and water provision, respectively. The experimental design 

was completely randomized with four treatments and eight animals per treatment. The 

experiment lasted 75 days, comprising 12 days of animals’ acclimation to the experimental 

diets and saline treatments. At the start of the acclimation period, the animals were identified, 

weighed, treated against endo- and endoparasites, and randomly allocated to the stalls 

previously identified according to treatment.  

The treatments consisted of increasing levels of total dissolved solids in the Lake Basaka 

water, being reconstituted by using sodium chloride (NaCl), and freshwater as a control. The 

treatments were divided into four TDS levels: freshwater (FW) (~500mg/l TDS), (Lake 
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Basaka water (LBW): 2600mg/l TDS), lake Basaka water plus 100%TDS of LBW, that raise 

the TDS to 5277 mg/l TDS and lake Basaka water plus 200%TDS of LBW; that is 7952 

TDS. Freshwater was used from the farm, lake Basaka water was brought from lake Basaka 

water found at Matahara town, central rift valley of Ethiopia. The lambs were allowed to 

adapt to saline water during the adjustment period (days 1 to 5) of the experimental period 

by gradually increasing the salt concentration of the drinking water until it reached the 

required concentration.  

Water was offered to the animal twice per day (at 10:00 am and 4:00 pm) using 5 litters (L) 

buckets and removed after 45 minutes during which the animals were allowed to drink as 

much as they wanted. Water intake was measured in litters and calculated as the difference 

between the amounts of the offered and remained in the bucket. Water lost through 

evaporation was also considered in water intake calculation. This variable was estimated 

using separate buckets, with the same amount of water for each treatment, randomly 

scattered across the experimental shed, being determined as the difference in litters for water 

provided for animals. The diet was composed of dry hay ad libitum and concentrate based 

on wheat bran, Noug seed cake, Vitamin premix, and salt and formulated according to the 

National Research council- NRC (2007) to meet the maintenance requirements of the 

animals. The hay and the concentrate were offered in individual feeding troughs twice a day 

at 08:00 am and 4:00 pm. The amount of concentrate supplement was 125gm per day. Feed 

residual was collected and weighed by digital balance and those which are contaminated 

with faeces and urine were discarded. Weekly samples of supplied feed and refusals were 

taken for chemical analyses.  

Table 4. Chemical composition (% for DM and %DM for others) of the experimental diets 

Feed ingredients  DM CP OM NDF ADF ADL Ash 

Hay 91.58 12.47 80.80 77.03 41.59 7.97 10.77 

Wheat bran 89.66 17.49 86.23 55.50 11.80 3.57 4.42 

Noug-seed cake 91.58 29.16 81.35 42.27 29.34 14.37 10.23 

Concentrate mix 90.62 23.32 83.79 48.88 20.57 8.97 7.33 

DM: dry matter, OM: organic matter, CP: crude protein, NDF: neutral detergent fiber, ADF: acid 

detergent fiber, ADL: Acid detergent lignin. The concentrate mix consists of wheat bran (92%), 

Noug-seed cake (6%), Vitamin premix (1%), and salt (1%). 
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3.3.3. Measurements and Observation of Variables 

3.3.3.1. Environmental variables 

The daily minimum, maximum, average temperature and relative humidity of the 

experimental house were recorded twice a day at 8:00 and 16:30h with a thermohydrometer 

indoors (Mengistu et al. 2007).  The temperature and humidity index (THI) were calculated 

to quantify the thermal stress levels experienced by the animals (24h per day) during the 

whole experimental period according to the Equation of (Marai et al. 2006). 

THI = TA – [(0.31-0.31x RH) x (TA -14.4)] …………...………………………Equation 1 

Where AT (°C) is the dry air temperature (in units of °C) and RH is the relative humidity 

(RH%)/100. The values obtained indicate the following: < 27.8 = absence of heat stress, 

27.8-28.9 = moderate heat stress, 28.9–30.0 = severe heat stress, and 30.0 and more = very 

severe heat stres.  

3.3.3.2. Body weight 

The animals were weighed at fifteen days interval after a solid-feed deprivation of 12 h. 

Average daily weight gain (ADG) was calculated as the difference in weight between the 

final and initial weight divided by the interval in days from the dates the initial and final 

weights were taken. Feed conversion efficiency (FCE) was calculated as a proportion of 

ADG to daily dry matter (DM) intake. 

Feed conversion efficiency = 
Average daily gain  (

g

day
)

Average daily dry matter intake (
g

day
)
) 

3.3.3.3. Behavioural parameters 

During each experimental phase, the behaviour of the animals was monitored and recorded 

for 12 h during the third, sixth, and ninth days of the experiment, totalling 36h of 

observations. The data were collected through direct observations, where three observers 

stand in different corners inside the experimental house for 12h, observing and recording the 

actions of each animal according to behavioural criteria established by the methodology 
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proposed by Barreto et al. (2011) as described in Table 5. The behaviours were sampled 

every 5 min, totalling 12 samples per hour, with a total of 432 observations (12 samplings × 

72h) per animal during each experimental phase. The behavioural data were evaluated during 

the day (from 6:00 a.m. to 6:00 p.m.) and expressed in proportions of time, according to the 

following equation.  

%ETEA = (ETEA/12) × 100 …………………………………………. Equation 2 

where; %ETEA percentage of time in which the animals performed a certain activity (in 

units of %); ETEA time spent by the animals in the execution of a given activity (in units of 

h); 12 sums of the execution time of all activities performed in each period (in units of h). 

Table 5. Parameters to evaluate the ingestive behaviour of sheep  

Items  Descriptions  

Sleeping  In a state of dormancy and inert. 

Feeding  Ingestion of food with the head in the feeder and movements of the mouth.  

Inactive  Standing, sitting or lying, alert and idleness. 

Drinking  Ingestion of water with the muzzle inside the drinking fountain. 

Ruminating  Regurgitation and re-mastication of food. 

Source = Norouzian (2015). 

3.3.3.4. Physiological parameters 

Physiological parameters of experimental lambs were taken every fifteen days in the 

morning (8:00 am) and afternoon (5:00 pm) during the experimental period. Rectal 

temperature (RT) of animals was measured with a digital clinical thermometer having a 

range of 32.0oC–43.9 ◦C. The thermometer was inserted into the rectum of each animal, with 

the bulb in contact with the mucosa, remaining in the rectum until the thermometer made a 

beep, which was indicative of temperature stabilization. The respiratory rate (RR) and heart 

rate (HR) were measured through auscultation of the heart sounds with the aid of a flexible 

stethoscope at the level of the laryngotracheal region by counting the number of movements 

and beats for 20sec and the results multiplied by 3 to report at a minute time scale (Mengistu 

et al. 2007). 
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3.3.3.5. Blood collection and analysis 

Blood samples were collected from each animal at an interval of two weeks during the 

experimental period by puncturing the jugular vein after disinfection with iodine alcohol. 

The analysis of the samples was performed on the day following collection. The animals 

were also evaluated for the presence of ectoparasites, lymphadenitis, or other types of skin 

problems just after the blood collection. For haematological analysis, blood was collected 

into 5ml vacuum tubes containing 10% anticoagulant ethylene diamine tetraacetic acid 

(EDTA). The haematological parameters such as haemoglobin, PCV, WBC, RBC, MCV 

MCH, and MCHC were determined by the volumetric impedance state analysis method for 

each of the parameters ((Jain, 1993). 

For the analysis of biochemical and hormonal parameters, blood was collected in vacuum 

tubes of 7ml containing separating gel and clot. The blood was centrifuged in a digital 

centrifuge at 10oC at 2500×g for 15 min. After centrifugation, the supernatant was separated 

into 1.5 ml aliquots for biochemical and hormonal tests; the analysis was performed on the 

day following collection. Analyses were carried out using a biochemical-analysis apparatus 

(VegaSys) with a multiple wavelength photometer to determine biochemical parameters that 

include glucose, total protein, albumin, triglycerides, cholesterol, urea, creatinine, aspartate 

aminotransferase (AST), and alanine aminotransferase (ALT). The plasma concentrations of 

total thyroxine (T4) and total triiodothyronine (T3) were measured in duplicate and 

quantified by the method of Enzyme-Linked ImmunoSorbent Assay (ELISA by 

competition) using kits (In Vitro diagnostic Ltda.). 

3.3.3.6. Feed intake and digestibility 

At the end of the feeding trial, all animals were made to adapt to carrying the faecal bags for 

3 days followed by the total collection of faeces for 7 days. The faeces collected every day 

from each animal were weighed, thoroughly mixed, 10% sampled, and stored in a 

refrigerator at -20°C. The faeces sampled for 7 days were pooled for each animal, thoroughly 

mixed and then 10% sub-sampled for chemical analysis. Feed offers and refusals during the 

7 days of digestibility as well as growth trial of 75 days were recorded for each animal on a 

daily basis and a composite feed sample per feed and refusal sample per treatment was 
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formed for each trial. Dry matter intake was calculated as a difference between the offer and 

refusal. The apparent digestibility coefficient of DM and nutrients were calculated using a 

ratio of nutrient consumed minus nutrient in faeces over nutrient consumed multiplied by 

hundred. 

3.3.3.7. Chemical analysis  

Samples of feeds and faeces were dried at 65 °C for 48 h. The dried samples were ground (1 

mm screen) and stored for subsequent analyses of dry matter (DM), crude protein (CP), ash, 

neutral detergent fiber (NDF), and acid detergent fiber (ADF). DM and total ash were 

determined according to the official methods of AOAC (2000) and NDF and ADF according 

to Van Soest et al. (1991). The dry matter content of the feed was determined by drying the 

samples in an oven at 105 °C overnight while ash content was determined by burning the 

samples at 550 °C for 5 h in a muffle furnace. Nitrogen (N) was determined by the Kjeldahl 

method and CP was calculated as N × 6.25. 

3.4. Data Analysis 

The data collected using questionnaires were analysed by using the Statistical Package for 

Social Sciences (SPSSv-23). Descriptive summary statistics such as mean, percentage, and 

frequencies were calculated for socio-demographic variables and illustrated in the table. The 

purpose of livestock keeping and major livestock constraints were analysed and summarized 

by the index method. The index was computed with the principle of weighted average 

according to the following formula as employed by Musa et al. (2006):  

Index = Rn*C 1+Rn-1*C2+…. +R1*Cn/∑ Rn*C1+ Rn-1*C2…. R1*Cn …… Equation 3 

Where; Rn = Value given for the least ranked level (example if the least rank is 5th rank, 

then Rn = 5, Rn-1=4 and … R1= 1).Cn = Counts of the least ranked level (in the above 

example, the count of the 5th rank= Cn, and the counts of the 1st rank = C1). 

For the on-farm study of the effect of Lake Basaka saline water drinking on physiological 

and blood parameters of sheep and goats, statistical analysis was performed using the 

procedure of SAS (2013) version 9.4. Repeated measurement design was used for the 
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analysis with independent variables as animal species (2), water types (2) and interaction, 

and the statistical analysis model was as follows: 

𝑌𝑖𝑗𝑘 =  𝜇 +  𝑊𝑖 +  𝑆𝑗 +  (𝑊𝑥𝑆)𝑖𝑗 + 𝑒𝑖𝑗𝑘 ……………………………………… Equation 4 

Where, Yijk is the individual observation, µ is the overall mean of physiological and blood 

parameters, Wi is water types (Basaka water drinkers and not drinkers), Sj is types of species, 

(WxS)ij is the interaction between water types and species, and eijk is an error. 

For the on-station study, statistical analysis was performed using the procedure of SAS 

(2009) to determine the effect of water treatment of Lake Beseka on behavioural, 

physiological, and blood parameters of lambs. The design was RCBD with four water 

treatments and the statistical analysis model was as follows: 

𝑌𝑖𝑗𝑘 =  𝜇 +  𝑇𝑖 +  𝐵𝑗 + 𝑒𝑖𝑗𝑘 ………………………………………… Equation 5 

Where Yijk is the individual observation, µ is the overall mean of physiological and blood 

parameters, Ti is Water Treatment effects, Bj is Block effects, and eijk is an error. Tukey HSD 

test was employed to the difference at 0.05 of a significant level.  
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4. RESULTS AND DISCUSSION 

4.1. Survey Study  

4.1.1. Households’ demography 

In terms of sex, the majority of lake Basaka users and non-users were male (Table 6).  

Relatively younger households were sampled and this may increase the relevance of the data 

because youngers are more active and involved in daily farming activities and easily 

understand the question to answer. The majority of household respondents from the user and 

non-users of Lake Basaka water were married. All of the interviewed households from both 

sites belong to Oromo ethnic groups (100%) and all of them are followers of the Muslim 

religion.  The literacy rate was relatively the same between lake Basaka users and non-users 

and it was high and only about 26% were literate. This may be a bottleneck regarding the 

perception of water quality and salinity, veterinary care, production system, feeding as well 

as marketing strategies since they have no modern education on livestock system to perform 

their farming in modern ways.    

Table 6. Households’ demographic characteristics of sample respondents 

 Lake Basaka water      N (%) 

HH Characteristics Users Non-users Total  

Sex Male 26 (68.4) 24 (63.2) 50 (65.8) 

 Female 12 (31.6) 14 (36.8) 26 (34.2) 

Age <18 2 (5.3) 0 (0) 2 (2.6) 

 19-30 16 (42.1) 18 (47.4) 34 (44.7) 

 31-50 10 (26.3) 15 (39.5) 25 (32.9) 

 >50 10 (26.3) 5 (13.2) 15 (19.7) 

Marital Status Married 24 (63.2) 25 (65.8) 49 (64.5) 

 Single 8 (21.1) 6 (15.8) 14 (18.4) 

 Divorce 6 (15.8) 7 (18.4) 13 (17.1) 

Religion Muslim 38 (100) 38 (100) 76 (100) 

Educational level Illiterate  26 (68.4) 30 (78.9) 56 (73.7) 

 Grade 1-7 8 (21.1) 6 (15.8) 14 (18.4) 

 Grade 7-12 4 (10.5) 2 (5.3) 6 (7.9) 

Source: survey, 2019; HH: household; N: number and %: percentage.  
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4.1.2. Livestock production systems in the study area 

The livestock production systems in both study area was pastoralism and agro-pastoral 

(Table 7). The main sources of income were the sale of livestock, livestock products and 

crop production in that order. This result agreed with the report of Abdulatife and Ebro 

(2015) who noted that main sources of income for Afar pastoralists leaving in lower altitude 

(>550-850 m) to be from the sale of livestock and their products; while in the upper altitude 

crop production and livestock sale are the major income source. Similarly, in Karrayyu 

pastoralists, camels, sheep, goats and cattle are the most common livestock in the area and 

livestock sales generate the bulk of cash income in Fentalle pastoralists. Generally, studies 

showed that the main livelihood base for pastoralists is livestock production, which is 

considered as food, financial, social and physical asset, storage of wealth, and basis of social 

relationships through gifts and exchanges ((Berhanu and Fayissa, 2010). The majority of the 

interviewed households had no training (72%) on water quality and salinity effect, livestock 

husbandry and management, or other livestock-related pieces of training. Owners of the 

livestock decided on the management practices of livestock based on the traditional 

knowledge and skills they own.  Having no training farmers appear not to use agricultural 

technologies because of the multiple constraints that prevent them from taking advantage of 

productivity and opportunities offered (Kebebe, 2019).  

Table 7. Source of income and livestock production systems 

 

Parameters 

Lake Basaka water use type=N (%) 

Users  Non-users  Total 

Production systems Pastoralists 32 (84.2) 30 (78.9) 62 (81.6) 

 Agro-pastoralists 6 (15.8) 8 (21.1) 14 (18.4) 

Source of income Crop production 5 (13.2) 10 (26.3) 15 (19.7) 

Livestock sale 20 (52.6) 17 (44.7) 37 (48.7) 

Livestock products 13 (34.2) 11 (28.9) 24 (31.6) 

Decision-makers Owners 32 (84.2) 28 (73.7) 60 (78.9) 

Shepherd 6 (15.8) 10 (26.3) 16 (21.1) 

Children 0 (0) 0 (0) 0 (0) 

Training Yes 8 (21.1) 13 (34.2) 21 (27.6) 

 No 30 (78.9) 25 (65.8) 55(72.4) 

Source: survey, 2019; N: number and %: percentage. 
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4.1.3. Livestock ownership, herd size and species composition 

Livestock ownership, herd size, and species composition in both study sites were almost 

similar. The majority of households from both study sites were headed by males and had the 

authority to control ownership of livestock and other resources and had the power to decide 

on their resources (Table 8). The households keep more than two livestock species which 

comprise cattle, sheep, goats, and camels with in dominance of sheep and goats.  Abdulatife 

and Ebro (2015) argued that pastoralists kept diverse species of livestock with goat and sheep 

dominating the livestock holding of the households. Keeping diverse species of livestock 

would give an advantage for the pastoral communities to mitigate the harsh climatic 

condition, feed, and water shortages. The pastoralists also explained that composition and 

diversity of livestock primarily depend upon the climate and types of feed. The type and 

quantity of the existing feed (proportion of browse to grass), availability of water, and the 

sensitivity of animals to drought and diseases mostly decide the type of livestock reared in 

the area. Another finding also supported that livestock flock pattern and size depends on the 

availability of water and feed (Angassa and Oba, 2007). Mixed stocking with two or more 

species of different feeding habits make more effective use of vegetation and are often more 

profitable.  

Table 8. Livestock ownership, herd size and species composition 

Categorical variables Lake Basaka water use type 

Ownership Users = N (%) Non-users = N (%) Overall= N (%) 

Wife  6 (15.8) 5 (13.2) 11 (14.5) 

Husband  26 (68.1) 26 (68.4) 52 (68.4) 

Children 6 (15.8) 7 (18.4) 13 (17.1) 

Continuous variables    

Species composition   Mean ± SE Mean ± SE Mean ± SE 

Cattle 65 ± 6 63 ± 5 64 ± 4 

Goat 147 ± 10 135± 10 141±7 

Sheep 115± 8 112 ± 8 113.5±6 

Camel 9 ±1 11 ± 1 10±1 

Donkey 2 ± 0 2± 0 2±0 

Source: survey, 2019; N: number; %: percent; SE: standard error. Mean indicate the number of 

animal species per household.   
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4.1.4. Purpose of keeping small ruminants 

According to the Priority Index (PI) ranking, the purpose of keeping sheep and goats were 

similar between the two sites (Table 9). Goats and sheep production play a significant role 

in the life of man whether in rural or urban areas in a variety of ways. In the current study, 

the predominant reason for keeping goat and sheep by majority of the household respondents 

were as a source of money to supplement family income followed by milk and meat for 

home consumption. 

Table 9. Purpose of keeping sheep and goat (Priority Index) 

Purpose Spp Lake Basaka 
Number of rank respondents  

1st 2nd 3rd 4th 5th F-sum PI Rank 

Sales Goat Users  32 6 0 0 0 184 0.2925 1 

  Non-users  22 16 0 0 0 174 0.2788 1 

 Sheep Users  33 5 0 0 0 185 0.3003 1 

  Non-users 32 6 0 0 0 184 0.2968 1 

Milk Goat Users  13 19 6 0 0 159 0.2528 2 

  Non-users 19 15 4 0 0 167 0.2676 2 

 Sheep Users  0 0 23 15 0 99 0.1607 3 

  Non-users 0 0 22 16 0 98 0.1581 3 

Meat Goat Users  0 6 25 7 0 113 0.1797 3 

  Non-users 0 8 26 4 0 118 0.1891 3 

 Sheep Users 5 33 0 0 0 157 0.2549 2 

  Non-users 6 32 0 0 0 158 0.2548 2 

Skin Goat Users  0 0 0 6 32 44 0.0700 6 

  Non-users 0 0 0 4 34 42 0.0673 6 

 Sheep Users  0 0 0 0 38 38 0.0617 6 

  Non-users 0 0 0 0 38 38 0.0613 6 

Gift Goat Users  0 0 0 20 18 58 0.0922 5 

  Non-users 0 0 0 19 19 57 0.0913 5 

 Sheep Users  0 0 15 23 0 91 0.1477 4 

  non-users 0 0 16 22 0 92 0.1484 4 

Traditional 

ceremonies 

Goat Users  0 0 7 19 12 71 0.1129 4 

 Non-users 0 0 4 20 14 66 0.1058 4 

Sheep Users  0 0 1 6 31 46 0.0747 5 

  Non -users 0 0 3 6 29 50 0.0806 5 

Source: survey, 2019; PI: priority index. 

Additionally, communities in the study sites kept goat and sheep for gift to their relatives 

and young and traditional ceremonies are also common practices performed in celebrating a 

particular event. In the context of Ethiopian traditional religion, the Karrayyu and Ittu tribal 
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group of Oromo nation use sheep and/or goats at prayer and thanks giving of their ancestors 

by first slaughtering before proceeding to any other activities of the ceremony. The present 

report is in agreement with Arse et al. (2013) who reported that at Fentalle the primary 

purpose of keeping goat was to generate income, followed by milk and meat for home 

consumption. The choice of suitable species is considered as one of the means to increase 

the contribution of livestock to households (Devendra, 2001). Goats and sheep were the first 

choices of species for regular and emergency cash needs as they are fast breeders, reliable 

to produce in harsh environments and relatively cheap to acquire. The multiple objectives of 

keeping goats and sheep were also reported in previous studies in Ethiopia (Solomon et al., 

2010). 

4.1.5. Sources and frequency of drinking water 

The main source of water for sheep and goats in the study sites were dams/ponds, rivers, and 

lake Basaka water throughout the year (Table 10). However, lake Basaka water and 

pond/rivers were the main water sources for sheep and goats during dry and hot seasons. 

Majority of the respondents among lake Basaka users used only lake Basaka water as major 

water sources for their sheep and goats, especially during the drought seasons, whereas the 

non-users of lake Basaka water were not used lake Basaka for their sheep and goat 

throughout the year. In the case of rain and post-rain seasons, lake Basaka and dam/pond 

played a paramount role as a major source of water for the sheep and goats holding 

households around lake Basaka, whereas dam/pond and rivers are the main sources of water 

for their sheep and goat during all seasons for households of non-lake Basaka water users.  

The majority of the respondents across the surveyed sites stated that the distance of water 

sources was within one to three kilometres radius across all seasons of the year and half the 

overall surveyed respondents indicated that sheep and goats were taken to water sources by 

shepherd during drinking. About 51.5% of the surveyed households indicated that sheep and 

goats had free access to water and others said once or twice a day (Table 10). The frequency 

of watering indicates the watering points were not far from villages. Watering is not less 

frequent in this study compared to studies in other places. The better watering frequency in 

highland than midland and lowland might be due to the relatively better access to the 

proximate water sources (borehole). Unlike the current study, Tesfaye (2009) noted that 
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almost all of the respondents allow their goats to drink water once per day at midday during 

the dry season. Additionally, Adugna and Aster (2007) reported that during the dry season 

and in drought years the pastoralists in Borena are forced to travel long distances in search 

of water and animals are also watered at longer watering intervals. The same author also 

noted that cattle and sheep are watered after an interval of 3 or 4 days while goats are reported 

to tolerate a longer interval of 5-6 days. 

Table 10. Sources and frequency of drinking water 

 

Seasons                        Source of water 

Lake Basaka water = N (%) 

Users Non-users Overall  

Rain season Dam/pond 16 (42.1) 24 (62.2) 30 (52.6) 

 River 0 (0) 14 (36.8) 14 (18.4) 

 Lake 22 (57.9) 0 (0) 22 (29.0) 

Post-rain season Dam/pond 12 (31.6) 23 (60.5) 35 (46.1) 

 River 0 (0) 15 (39.5) 15 (19.7) 

 Lake 26 (68.4) 0 (0) 26 (34.2) 

Cool dry season Dam/pond 0 (0) 10 (26.3) 10 (13.2) 

 River 0 (0) 28 (73.7) 28 (36.8) 

 Lake 38 (100) 0 (0) 38 (50.0) 

Hot dry season Dam/pond 0 (0) 20 (52.6) 20 (26.3) 

 River 0 (0) 18 (47.4) 18 (23.7) 

 Lake 38 (100) 0 (0) 38 (50.0) 

Distance of water source < 1km 17 (44.7) 2 (5.3) 19 (25) 

 1km - 3km 15 (39.5) 21 (55.3) 36 (47.4) 

 3km - 5km 6 (15.8) 10 (26.3) 16 (21.1) 

 > 5km 0 (0) 5 (13.2) 5 (6.6) 

Frequency of watering Free available 19 (50) 20 (52.6) 39 (51.3) 

 Once a day 11 (28.9) 11 (28.9) 22 (28.9) 

 Twice a day 8 (21.1) 7 (18.4) 15 (19.7) 

Taking animal to water 

site  
Adults 7 (18.4) 8 (21.1) 15 (19.7) 

 Shepherd 19 (50) 19 (50) 38 (50) 

 Teenagers 12 (31.6) 11 (28.9) 23 (30.3) 

Source: survey, 2019; N: number; %: percentage; km: kilometre.  

 

 



36 

 

 

 

4.1.6. Major constraints of sheep and goat production 

The major constraints identified were feed scarcity, drought (no or irregular rainfall), water 

scarcity and quality, predatory, diseases, labour, marketing, and breed (Table 11). Feed 

scarcity as a constraint ranked first in both lake Basaka water users and non-users, while 

drought and water problems ranked second and third, respectively. Predator as a constraint 

ranked fourth and followed by other constraints. The present finding was similar with that 

reported by Arse et al. (2013) in that goat production at Fentalle district was constrained by 

severe feed shortage, high disease prevalence, high predatory, poor market, genetically less 

productive breed, severe water shortage, and high shortage of labour for animal herding. 

Feed shortage, disease prevalence, and water scarcity have been mentioned as the most 

important constraints of sheep and goat’s production in other parts of Ethiopia (Solomon et 

al. 2010).  

Table 11. Major constraints of sheep and goat’s production and productivity 

Constraints Lake Basaka 
Number of rank respondents  

1st 2nd 3rd 4th 5th F-sum PI Rank 

Feed scarcity Users 30 8 0 0 0 182 0.1980 1 

 Non-users 34 4 0 0 0 186 0.2081 1 

Water problem Users 8 23 7 0 0 153 0.1665 3 

 Non-users 0 14 20 0 4 120 0.1342 4 

Marketing Users 0 0 0 29 9 67 0.0729 5 

 Non-users 0 0 0 18 20 56 0.0626 6 

Labour Users 0 0 0 22 16 60 0.0653 8 

 Non-users 0 0 0 18 20 56 0.0626 7 

Predatory Users 3 22 10 1 2 137 0.1491 4 

 Non-users 4 26 0 4 4 136 0.1521 3 

Diseases Users 0 0 21 14 3 94 0.1023 5 

 Non-users 0 4 18 16 0 102 0.1141 5 

Drought Users 20 11 7 0 0 165 0.1795 2 

 Non-users 30 8 0 0 0 182 0.2036 2 

Breed Users 0 0 0 23 15 61 0.0664 7 

 Non-users 0 0 0 18 20 56 0.0626 6 

Source: survey, 2019: PI: priority index.  

In the present study area, grazing land is covered by partinium (local name Ali ware) which 

covered most of the rangeland causing feed shortage and shrinking of the rangeland and, 
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water scarcity was due to expansion of saline lake Basaka and sugar cane plantation, 

sedentary agriculture and bush encroachment. 

4.1.7. Milk yield and frequency of milking sheep and goats 

All of surveyed households milk sheep and goats for home consumption (Table 12). The 

milking frequency and milk yield depends on the species, use or not use of lake Basaka water 

for their animals and seasons and weather condition. The results show that milking of sheep 

and goats is mainly performed during rain and post-rain season, and to a lesser extent in 

cool-dry season; and the majority of the respondents estimated milk yield to be <500ml. 

About 95% and 65% of the respondents use lake Basaka as a water source milk sheep and 

goats once and twice a day, respectively. About 73.7% and 76.3% of users and no-users of 

lake Basaka as water sources milk sheep and goats twice a day, respectively.   

Table 12. Estimated milk yield and frequency of milking of sheep and goats (g/day/animal) 

Parameters  

Lake Basaka water 

Users = N (%) Non-users = N (%) 

Sheep  Goat Sheep Goat 

Do you milk your animals? Yes 38 (100) 38 (100) 38 (100) 38 (100) 

No 0 (0) 0 (0) 0 (0) 0 (0) 

Milking Frequency  Once 36 (94.7) 13 (34.2) 10 (26.3) 9 (23.7) 

Two Times 2 (5.3) 25 (65.8) 28 (73.7) 29 (76.3) 

 Three times 0 (0) 0 (0) 0 (0) 0 (0) 

Seasons and milk yield per animal     

Rain season <500ml 25 (65.8) 12 (31.6) 31 (81.6) 9 (23.7) 

 500mL - 1L 13 (34.2) 26 (68.4) 7 (18.4) 29 (76.3) 

Post-rain season <500ml 19 (50) 13 (34.2) 22 (57.9) 0 (0) 

 500mL - 1L 1 (2.6) 25 (65.8) 16 (42.1) 38 (100) 

 None 18 (47.4) 0 (0) 0 (0) 0 (0) 

Cool dry season <500ml 8 (21.1) 11 (28.9) 21 (55.3) 21 (55.3) 

 500mL - 1L 0 (0) 2 (5.26) 1 (2.6) 9 (23.7) 

 1L - 2L 0 (0) 0 (0) 0 (0) 3 (7.9) 

 None 30 (78.9) 25 (65.8) 16 (42.1) 5 (13.2) 

Hot dry season <500ml 0 (0) 0 (0) 7 (18.4) 22 (57.9) 

 500mL - 1L 0 (0) 0 (0) 0 (0) 8 (21.1) 

 None 38 (100) 38 (100) 31(81.6) 8 (21.1) 

Source: survey, 2019; N: number; %: percentage. 



38 

 

 

 

According to the respondents, the reason for the difference in milk yield and milking 

frequency was due to the water salinity of lake Basaka and irregular occurrence of drought 

in the study areas. This result is similar to that noted by Adugna and Aster (2007) who 

reported a mean milk yield of 0.53+0.32ml/day for goats in pastoral areas. Evidence shows 

that drinking of saline or brackish water reduced milk yield in dairy animals due to its effect 

on the decrease in the feed and water intake of animals. Under grazing condition, animals 

may ingest excessive salt through the feed, drinking water, and ingestion of soil. Excessive 

intake of sodium is one of the more commonly encountered problems and often causes loss 

of appetite, reduced milk production, and reduced growth(Ru and Glatz, 2004). Reduction 

in milk production could be due to a reduction in the bloodstream to the mammary gland 

causing a decrease in milk synthesis. It is known that the water requirements are particularly 

high in lactating animals, and in dehydration, conditions a decrease in synthesis of activity 

of the mammary gland occurs (Mengistu et al., 2007). 

4.1.8. Seasonality of water scarcity and quality 

High seasonal variation in water availability is evident from the percentage of respondents 

utilizing different water sources for livestock drinking (Table 13). According to the 

respondent’s sheep and goats, the production and productivity were challenged by water 

scarcity and quality, especially during cool and hot dry seasons. The chi-square test indicated 

that lake Basaka water users were more vulnerable than non-lake Basaka users for water 

scarcity and quality. There was a large variation between dry and wet seasons in the 

perceived water scarcity by the farmers with the majority of the people experiencing water 

scarcity for livestock during the dry months of a year. Amenu (2013) stated that high 

seasonal fluctuation in water scarcity and quality was a pronounced problem of the 

communities, especially in the dry season for livestock consumption which can adversely 

affect the performance of livestock in the Rift Valley area of Ethiopia. Wagesho et al. (2012) 

presented that climate change in terms of uncertain rainfall and increased temperature is 

affecting the availability of water resources in the Rift Valley of Ethiopia including the study 

area. In this study area, the respondents attributed water scarcity and poor quality of livestock 

drinking water to drought due to climate change and variability and expansion of saline water 

of lake Basaka. 
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Table 13. Households' perception of livestock drinking water scarcity and quality 

Parameters  
 Lake Basaka water = N (%) 

Responses Users  Non-users Overall  

Water scarcity  Yes 38 (100) 28 (73.7) 66 (86.8) 

 No 0 (0) 10 (26.3) 10 (13.2) 

Water quality problem Yes 38 (100) 32 (84.2) 70 (92.1) 

 No 0 (0) 6 (15.8) 6 (7.9) 

Causes of water scarcity Drought 7 (18.4) 4 (13.3) 11 (16.2) 

 Water salinity  20 (52.6) 5 (16.7) 25 (36.8) 

 Distance 4 (10.5) 9 (30) 13 (19.1) 

 Over population 7 (18.4) 5 (16.7) 12 (17.6) 

 Over-stocking 0 (0) 7 (23.3) 7 (10.3) 

Water scarcity period Rain  Perceived 9 (23.7) 4 (13.3) 13 (17.1) 

  Not-Perceived 29 (76.3) 26 (86.7) 55 (80.9) 

 Post-rain Perceived 23 (60.5) 8 (26.7) 31 (45.6) 

  Not-Perceived 15 (39.5) 22 (73.3) 37 (54.4) 

 Cool dry Perceived 30 (78.9) 10 (33.3) 40 (58.8) 

  Not-Perceived 8 (21.1) 20 (66.7) 28 (41.2) 

 Hot dry Perceived 31 (81.6) 17 (56.7) 48 (70.6) 

  Not-Perceived 7 (18.4) 13 (43.3) 20 (29.4) 

Water quality period Rain  Perceived 11 (28.9) 7 (23.3) 18 (26.5) 

  Not-Perceived 27 (71.1) 23 (76.7) 50 (73.5) 

 Post-rain Perceived 23 (60.5) 9 (30) 32 (47.1) 

  Not-Perceived 15 (39.5) 21 (70) 36 (52.9) 

 Cool dry Perceived 28 (73.7) 13 (43.3) 41 (60.3) 

  Not-Perceived 10 (26.3) 17 (56.7) 27 (39.7) 

 Hot dry Perceived 25 (65.8) 18 (60) 43 (63.2) 

  Not-Perceived 13 (34.2) 12 (40) 25 (36.8) 

Source: survey, 2019; N: number; %: percentage. 

4.1.9. Quality and salinity of Lake Basaka water 

All of the respondents agreed on the importance of good quality water for livestock 

consumption, but lake Basaka water is not good for livestock drinking and human 

consumption, especially during the dry season because of its salinity (Table 14). The 

respondents’ use tasting, washing, colour and slippery nature of the water as indicators of 

the water salinity status of lake Basaka. According to the respondents, the taste of lake 

Basaka water is sour and yellowish-brown in colour. Lake Basaka has a property of slippery 

while washing the body/cloth with the water. A similar study was also indicated that the 
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colour of lake Basaka is yellowish-brown (Keraga, 2019) and it is visually observable. When 

the intensity of these indicators increases, respondents assume that salinity level increases. 

While they were washing, if the lake water was much sour and slippery, they assume that 

the salinity level increases and vice versa. 

Table 14. Household’s perception of quality and salinity of Lake Basaka water 

 Parameters  Lake Basaka water = N (%)  

 Users Non-Users Overall   

 Importance of water quality for Livestock Yes 38 (100) 38 (100) 76 (100) 

 No 0 (0) 0 (0) 0 (0) 

 Suitable of lake Basaka for livestock Yes 0 (0) 18 (47.4) 18 (23.7) 

 No 38 (100) 20 (52.6) 58 (76.3) 

 Do you think lake Basaka has salt? Yes  38(100) 22 (57.9) 60 (78.9)  

 No 0 (0) 16 (42.1) 16 (21.1)  

 Factors of water salinity of lake Basaka Natural  31 (81.6) 33 (86.8) 64 (84.2)  

 Human  7(18.4) 5 (13.2) 12 (15.8)  

How do you know that lake 

Basaka water is saline? 

     Taste Yes 38(100) 25 (65.8) 63 (82.9)  

No 0 (0) 13 (34.2) 13 (17.1)  

Washing Yes 38(100) 25 (65.8) 63 (82.9)  

No 0 (0) 13 (34.2) 13 (17.1)  

 Colour Yes 38(100) 25 (65.8) 63 (82.9)  

No 0 (0) 13 (34.2) 13 (17.1)  

 Slippery Yes 33 (86.8) 25 (65.8) 68 (89.5)  

No 5 (13.2) 13 (34.2) 18 (10.5)  

Source: survey, 2019; N: number; %: percentage. 

4.1.10. Trends and season variation of Lake Basaka water quality 

Based on indicators of water salinity detection used by respondents, lake Basaka water 

salinity is at a decreasing rate (71.1%), especially during summer season (Table 15).  

Evidence from different physiochemical analyses indicated that lake Basaka water was 

experienced a sharp and fast decline in EC, Cl, SO4, Na, and K ions from the early 1960s up 

to the late 1980s. However, some parameters (e.g. Na, Ca, Mg, Cl, SO4) are showing an 

increment in recent years. The relatively stable or increasing ionic concentration of some 

parameters in the past 30 years may indicate the potential causes of pollution due to natural 

and anthropogenic sources (Dinka, 2017b). Natural sources might be climate change and 

variability, weathering of rocks, soil erosion, sediment loading, deposition of animal and 
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plant debris, and solution of minerals in the basin and the like. The local anthropogenic 

processes could be discharges from the factory and farming activities which introduce ions 

and metals from agrochemicals (Ayenew, 2007; Dinka, 2012; Fuad and Gelaneh, 2017).  

Table 15. HH’s perception of water salinity trend of lake Basaka and indicators salinity 

Salinity trend of lake Basaka 

Lake Basaka water N (%) 

Users Non-Users Overall 

Increasing  Perceived 10 (26.3) 20 (52.6) 30 (39.5) 

Not Perceived 28 (73.7) 18 (47.4) 46 (60.5) 

Decreasing Perceived 30 (79) 24 (68.4) 54(71.1)             

Not Perceived 8 (21) 12 (31.6) 20 (28.9) 

Indicators used to detect salinity by respondent’s   

Taste Yes 31 (81.6) 20 (52.6) 51 (67.1) 

No 7 (18.4) 18 (47.4) 25 (32.9) 

Washing Yes 32 (84.2) 22 (57.9) 54 (71.1) 

No 6 (15.8) 16 (42.1) 22 (28.9) 

Colour Yes 30 (78.9) 21 (55.3) 51 (67.1) 

No 8 (21.1) 17 (44.7) 25 (32.9) 

Slippery Yes 29 (76.3) 20 (52.6) 49 (64.5) 

No 9 (23.7) 18 (47.4) 27 (35.5) 

Seasonal variation of LB water salinity     

Rain season Increasing  8 (21.1) 11 (28.9) 19 (25) 

 Decreasing  30 (78.9) 27 (71.1) 57 (75) 

Post-rain Season Increasing  11 (28.9) 16 (42.1) 27 (35.5) 

 Decreasing  27 (71.1) 22 (57.9) 49 (64.5) 

Cool dry Season Increasing  30 (78.9) 26 (68.4) 56 (73.7) 

 Decreasing  8 (21.1) 12 (31.6) 20 (26.3) 

Hot dry Season Increasing  38 (100) 31 (81.6) 69 (90.8) 

 Decreasing  0 (0) 7 (18.4) 7 (9.2) 

 Source: survey, 2019; N: number; %: percentage; HH: household. 

The majority of the respondents (82.9%) perceived that lake Basaka water is saline lake 

(Table 15). Also, the respondents stated the salinity contents of lake Basaka increases during 

cool dry (73.7%) and hot dry (90.8%) whereas it decreases during rainy (75%) and post-rain 

(64.5%) periods. The increment of lake Basaka water salinity during dry and hot seasons 

might be due to high evapotranspiration, lack of rainfall, drought, and climate change and 

variability. The salinity contents of lake Basaka water varied with seasons and climate 

conditions ((Dinka, 2017b; Umer et al., 2019). 
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4.1.11. Effects of drinking Lake Basaka water on livestock species 

All of the respondents stated that drinking Lake Basaka water has negative effects on live-

stock production, productivity, and health (Table 16). The majority believe that small rumi-

nants (sheep and goats) (94.7%) and cattle (82.9%) are severely affected, but the camel is 

relatively tolerant (56.6%) indicating that camel is more adaptable to the drinking of Lake 

Basaka water followed by small ruminants. Animal tolerance to salinity changes according 

to species, age, water needs, and physiological conditions (Araújo et al., 2010). Studies on 

sodium chloride in drinking water indicate the order of tolerance as camels > sheep = goats 

> cattle > horses > pigs > poultry (McGregor, 2004b). This order of tolerance is consistent 

with an interrelationship between genetically determined low water turnover and salt toler-

ance.  

Table 16. Effects of drinking Lake Basaka water on livestock health and species 

  Lake Basaka water = N (%) 

Effect of lake Basaka water Response Users Non-Users Overall  

Livestock health’s Perceived  38 (100) 38 (100) 76 (100) 

Not Perceived 0 (0) 0 (0) 0 (0) 

Small ruminants Perceived 38 (100) 34 (89.5) 72 (94.7) 

Not Perceived 0 (0) 4 (10.5) 4 (5.3) 

Large ruminants Perceived 38 (100) 25 (65.8) 63 (82.9) 

Not Perceived 0 (0) 13 (34.2) 13 (17.1) 

Pseudo-ruminants Perceived 18 (47.4) 15 (39.5) 33 (43.4) 

Not Perceived 20 (52.6) 23 (60.5) 43 (56.6) 

The adaptability of 

livestock species 

Small ruminants 12 (31.6) 10 (26.3) 22 (28.9) 

Large ruminants  3 (7.9) 4 (10.5) 7 (9.2) 

Pseudo ruminants (camels) 23 (60.5) 24 (63.2) 47 (61.8) 

Source: survey 2019; N: Number; %: Percent 

4.1.12. Effects of drinking Lake Basaka water on productivity of sheep and goat  

The majority of respondents perceived that drinking Lake Basaka water negatively impacted 

sheep and goat production and productivity (Table 17). They stated that drinking Lake 

Basaka water reduces growth performance and milk yield, causes emaciation, health 

problems, and sometimes death of sheep and goats. Moreover, these problems were very 

serious especially during dry seasons because of drought and increased concentration of the 

Lake water (saline). Animals in arid and semi-arid areas may consume salt from several 
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sources such as drinking saline water, feeding on saline plants, or from soils.  The problem, 

especially if animals are under grazing conditions, is the accurate estimation of ingested salts 

in quantity and quality.  Then using poor quality water can influence water and feed 

consumption, health, and the production state of ruminants (NRC, 2007). Drinking saline 

water increased the thirst feeling made an increase in water consumption which increases 

urination to help the kidney flush the harmful minerals (Kii and Dryden, 2005; Masters et 

al., 2007).  

Table 17. Perception of the effects of drinking Lake Basaka water on sheep and goat’s 

productivity (N (%) 

Perception parameters Responses  LB- users   NLB-users  Overall  

Effects on goat’s production Perceived 30 (78.9) 26 (68.4) 56 (73.7) 

 Not-perceived 8 (21.1) 12 (31.6) 20 (26.3) 

Effects on sheep production Perceived 34 (89.5) 22 (57.9) 56 (73.7) 

 Not-perceived 4 (10.5) 16 (42.1) 20 (26.3) 

Production parameters      

Reduced Growth Perceived 32 (84.2) 23 (60.5) 55 (72.4) 

 Not-perceived 6 (15.8) 15 (39.5) 21 (27.6) 

Reduced milk yield Perceived 31(81.6) 27 (71.1) 58 (76.3) 

 Not-perceived 7 (18.4) 11 (28.9) 18 (23.7) 

Emaciation Perceived 38 (100) 28 (73.7) 66 (86.8) 

 Not-perceived 0 (0) 10 (26.3) 10 (13.2) 

Health Perceived 31 (81.6) 28 (73.7) 59 (77.6) 

 Not-perceived 7 (18.4) 10 (26.3) 17 (22.4) 

Which small ruminant is more 

adapted to drinking lake Basaka 

water? 

Sheep 5 (13.2) 7 (18.4) 12 (15.8) 

Goat 26 (68.4) 21 (55.3) 39 (61.2) 

Both 7 (18.4) 10 (26.3) 25 (22.4) 

Source: survey, 2019; N: number; %: percent; LB: lake Basaka; NLB: non-lake Basaka users. 

Also, other controlled experiment reported that drinking saline water decrease feed intake in 

sheep (Yousfi and Salem, 2017), decreased average daily gain in goat  (Mdletshe et al., 

2017). In contrast, increased salinity levels of drinking water had no adverse effect on water 

intake, feed intake, body weight, and health status of sheep and goat less than 1 year of age 

or older (Yirga, 2019). However, goats adapted to saline water appear to be able to tolerate 

higher levels of salt than sheep (McGregor, 2004).  The respondents noted that goats (61.2%) 

were more tolerant than sheep (15.8%) to the drinking of Lake Basaka saline water. The 

reason why the goat is more adaptable than sheep is related to feeding and drinking behavior. 
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The goat has the behavior of less frequent drinking water and browsing herbs and shrubs 

while sheep drunk more water at once and graze grass growing around Lake Basaka which 

may contain high salt concentration.  The higher frequency of drinking events in sheep may 

be related to their evaporative cooling mechanisms because sheep panted more frequently 

than goats. It is suggested that sheep require more water to regulate their body temperature 

due to their longer fleece, which increases their endogenous heat production (Al-Ramamneh 

et al., 2011). 
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4.2. Laboratory and on Farm Experiments 

4.2.1.  Physical parameters of Lake Basaka water 

The pH of Lake Basaka water in different seasons was higher than that of non-lake Basaka 

water (Table 18). A similar study conducted on the water quality of Lake Basaka reported a 

pH average value of 9.42 (Abduro and Michael, 2017) and 9.16 (Yirga et al., 2019). Ions in 

water are directly related to pH values, indicating that the lower and higher values of pH 

affect the physiochemical and biochemical processes that influence the survival and health 

of various living organisms of the ecosystem (Poddar and Sahu, 2017). The pH water for 

domestic and stock use should be in the range from 6.5 to 8.5. Highly acidic (less than 5.5) 

levels may cause acidosis and reduced feed intake and highly alkaline water (over 9) may 

cause digestive upsets and diarrhoea, lower feed conversion efficiency, and reduce intake of 

water and feed (Curran, 2014). Alkaline water with pH higher than 8.5-unit pH leads to a 

heightened risk of metabolic alkalosis occurrence (Swistock, 2012), B-vitamin deficiencies, 

and symptoms similar to mild acidosis (Grant, 1993). Accordingly, the pH of Lake Basaka 

water recorded during the dry season may affect the production and productivity of sheep 

and goats, especially young animals.   

Table 18. Chemical composition of Non and Lake Basaka water samples at different periods 

of the year (mean ± SEM) 

Parameters Normal water Lake Basaka water Upper limits 

for livestock* Feb 2019 Nov 2019 

pH 7.65±0.05 9.52±0.05 8.77±0.03 8.5 

EC 641.53±19.2 3992.53±37.28 3860.01±29.8 ---- 

TDS 430.33±16.33 2728.00±25.06 2560.02±20.03 3000 

Calcium (Ca2+) 1.20±0.01 4.97±0.05 4.45±0.34 200 

Magnesium (Mg2+) 1.72±0.01 1.59±0.04 1.28±0.05 100 

Sodium (Na+) 35.28±0.35 1180.69±14.73 1582.52±12.62 300 

Potassium (K+) 15.38±0.25 61.38±0.04 55.92±5.76 20 

Chloride (Cl-) 122.11±1.49 506.44±1.06 847.63±3.18 300 

Carbonate (CO3
2-) 31.17±0.69 258.80±5.89 342.00±22.00 ----- 

Bicarbonate (HCO3
-) 62.33±1.38 1124.60±0.46 1220.00±5.00 1000 

All are in units of mg L-1, except Electric conductivity (µS cm-1); * Socha et al. (2003). 

The electrical conductivity (EC) of a solution is a measure of its ability to carry electric 

current; the more dissolved ionic solutes in water, the greater its electrical conductivity. 



46 

 

 

 

Conductivity can be regarded as a crude indicator of water quality for many purposes since 

it is related to the sum of all ionized solutes or total dissolved solids (TDS) content. This is 

referred to as salinity. Salinity levels are measured directly by TDS and indirectly by EC 

(electrical conductivity). The higher the values of TDS and EC the higher the salinity. 

According to Cummings (2002) water with an EC of < 5800 µS/cm is suitable for all stock. 

Caution is required when providing such water to lactating small ruminants. EC levels > 

16500 up to 25000 µS/cm are suitable for dry stock and EC levels > 25000 µS/cm is not 

recommended for livestock (McGregor, 2004). The electrical conductivity (EC) of Lake 

Basaka water at both sampling time were higher than that of non-lake Basaka water sample 

indicating water quality deterioration across the seasons. Oluma (2009) reported EC of 

10.70dS/m and Umer et al. (2019) reported that Lake Basaka water had EC within the range 

of 1407 to 3321μs/cm. The high EC in Lake Basaka may be due to different anthropogenic 

and naturally induced pollutants such as inorganic and organic pollutants from runoff. 

Another reason for the observed greater value of EC arises from the presence of high 

amounts of dissolved inorganic substances (Abduro and Michael, 2017).  

Total dissolved solids are one of the most important water quality parameters. All-natural 

waters contain some dissolved salts (Cummings 2002). In this study, higher TDS was observed in 

Lake Basaka water when compared with the non-lake Basaka water sample. Dinka (2017b) 

and Abduro and Michael (2017) reported TDS of Lake Basaka water to be 8213ppm and 

2569.7mg/L, respectively. Umer et al. (2019) recorded the TDS of lake Basaka 2304.5 and 

840.3 mg/L in the rainy and dry seasons, respectively. Also, Yirga et al., (2019) reported 

2214mg/l TDS of lake Basaka water. This implies that Lake Basaka water is classified as a 

saline water type (Stanton et al., 2017). Additionally, TDS values of the lake were varying 

from seasons to seasons and rises due to climate change and variability, volcanic activities, 

and anthropogenic factors (Abduro and Michael, 2017; Dinka (2017b); Umer et al., 2019).  

4.2.2. Chemical parameters of Lake Basaka water 

The concentration of Magnesium, Sodium (1180.69), Potassium, Chloride, Carbonate, and 

Bicarbonate in Lake Basaka water were higher when compared with non-lake Basaka water 

(Table 18). This finding is related to the result obtained by Abduro and Michael (2017), 

Umer et al. (2019), and (Yirga et al. 2019). Umerfaruq (2015) reported a peak chloride 
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concentration of 103 mg/L in the dry season and the lowest value of 98 mg/L during the 

rainy season due to dilution from rainwater. Another study reported high concentrations of 

potassium (45.8 mg/L) and magnesium (116.10 mg/L) in many surfaces and groundwater 

sources in the Ethiopian Rift Valley (Reimann et al., 2003). The high concentration of 

minerals in drinking water affects livestock by reducing the palatability of water. The main 

water quality constituents implicated in affecting palatability are chloride, sulphate, 

magnesium, bicarbonates, and calcium. Chlorides above 250 mg/dm3 can imprint a salty 

taste to water which could result in reduced water intake and milk production. High amounts 

of chlorides present in water should be considered when formulating diets, to prevent the 

excess which could be detrimental to rumen function (Swistock, 2016). Along with other 

salts, chlorides, nitrates, phosphates, bicarbonates of sodium, potassium, calcium, 

magnesium, iron, and manganese, the sulphates participate in increasing the total salinity of 

the water (El Mahdy, 2013). Although that the sulphate modify the water taste, cattle adapt 

and consume such kind of water, but as for the other species, the large amounts of sulphates 

contained in the water along with the amount found in the feed are associated with 

gastrointestinal disorders, dyspepsia, gastroenteritis, diarrhoea, under the action of sodium 

sulphate (laxative), which is also a substrate for the production of hydrogen sulphide, a lethal 

neurotoxin compound for cattle (Man, 1989). 

Generally, some quality parameters like pH, sodium, potassium, chlorides, and bicarbonates 

of lake Basaka water were above guidelines for livestock species (Socha et al., 2003). Even 

for the parameters observed above the maximum tolerable values, intake for the short term 

may not cause any measurable effect on growth, production, or reproduction. However, 

concentrated dissolved minerals in naturally occurring water accessible to livestock grazing 

semiarid landscapes can negatively influence animal productivity and well-being (Petersen 

et al., 2015). In the arid and semi-arid regions including the study area, where feed is scarce 

both in quantity and quality and occurrence of drought, long term drinking naturally saline 

water of lake Basaka is not safe for livestock species, especially during dry seasons.  
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4.2.3. Evaluation of physiological parameters of study animals 

There were significant differences (P>0.05) in physiological parameters (rectal temperature 

(RT), respiration rate (RR), and pulse rate (PR) between grazing sheep and goats drinking 

Lake Basaka and non-lake Basaka water and higher in the afternoon, whereas only 

interaction of species with water types has prevailed (Table 19). No difference in RR and 

greater RT and PR of grazing goat and sheep drank lake Basaka water was recorded. This 

agrees with studies that indicated increased RT and RR in Barki sheep (Hekal 2015) and 

increased PR in Goat  (Mdletshe et al. 2017) under controlled conditions. Similarly, 

Mengistu et al. (2007) reported that Ethiopian Somali goat had RT of 38 to 40.5◦C in a week 

and 37.7 to 40.9◦C in four weeks under water stress condition. However, in contrary absence 

of water salinity effect on RT, RR, and PR of Blackhead Ogaden sheep and Somali goats 

(Yirga 2019). Between species variation in RT, RR and PR were detected for grazing goat 

and sheep, respectively. Greater RT for grazing sheep than goats agrees with the result of 

(Khanvilkar et al. 2017) on water scarcity and Yirga (2019) on water salinity. Additionally, 

the current values of RT, RR, and PR were related to the study of Ribeiro et al. (2016) for 

Garfagnina goats of Brazil under the pastured condition and Gemechu and Kibeb (2017) for 

local sheep breeds of Ethiopian under grazing condition.  

Table 19. Physiological parameters of grazing goats and sheep drinking Lake Basaka or non-

Lake Basaka water (Mean ± SEM) 

Variables 
Water types Time Species 

SE 
P-value 

LB NLB AM PM Goat Sheep WT Time Spp WT*Spp 

RT (oc) 39.3a  39.1b 38.5b 39.8a 38.9b 39.4a 0.04 ** ** ** ** 

RR (mov/min) 34.6 35.0 29.3b 40.3a 30.4b 39.2a 0.43 ns ** ** ** 

PR (beat/min) 85.1a 83.2b 81.5b 86.8a 82.9b 85.4a 0.39 ** ** ** ** 
ab Means within row bearing different superscript letters differ significantly (*=p<0.05; 

**=p<0.01); RR: Respiration Rate; RT: Rectal Temperature, PR: Pulse Rate; LB: Lake 

Basaka; NLB: Non-lake Basaka; AM: Morning; Pm: Afternoon; WT: Water types; Spp: 

Species; ns: non-significant SEM: Standard error of the mean. 

Physiological parameters recorded in this study fall within the normal ranges (Radostits et 

al., 2007; Dukes, and Reece, 2006; Underwood et al., 2015). The difference might be due to 

species differences, age of the animals, level of adaptability to the water stress condition, 

and feeding status of the grazing goat and sheep during the study period. Additionally, 

ambient temperature and walking stress may be increasing the RT, RR, and PR of grazing 
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sheep and goats in the study area.  However, high values of physiological variables do not 

indicate that the animal is under heat stress. That is if the animal has a high respiratory rate 

and excellent efficiency of heat loss to maintain homeothermy, heat stress may not occur. 

Gupta et al. (2013) revealed that there was an increase in rectal temperature and respiration 

rate from 38.97 and 43.66 to 39.35 and 77.33◦C, respectively, when goats were kept for 6 

hours in hot ambient temperature. Consistent with this study, significant increases in RR and 

RT in ewes subjected to walking stress by allowing them to walk for 14km a day have been 

reported by Sejian et al. (2012). 

4.2.4.  Haematological profile study of animals 

Significant differences (P<0.05) were observed in Hb, RBC, MCV, and MCHC, while PCV, 

WBC, and MCH did not differ between sources of drinking water in grazing sheep and goat 

(Table 20). Higher haemoglobin concentration and RBC counts (p<0.05) were recorded in 

grazing sheep and goats drank saline water, and RBC count in the blood of sheep was greater 

than goat. Blood haematology values obtained for sheep and goat in the present study were 

within the normal reference range (Radostits et al., 2007; Kaneko et al., 2008; (Fielder, 

2015). Related studies of hematological profiles were carried out on indigenous Ethiopian 

goat breeds (RBC (106), PCV (%), Hb (g/dl), MCV (fL), MCH (pg), MCHC (g/dl), 

12.93±0.18, 25.23±0.22, 10.69±0.11, 20.45±0.35, 8.53±0.11, 42.94±0.30, respectively) 

(Tibbo et al., 2004) and sheep haemoglobin (10.79+0.19g/dl), RBC (10.61+0.57x106/mm³), 

WBC (11.3+0.82 x10³/mm³) and packed cell volume (31.23+0.46%) (Yibrah and 

Wondimagegn, 2015)  under extensive management.  Similarly, Ayele et al. (2017) reported 

related values of blood haematology of three Ethiopian fat tail hair sheep fed hay 

supplemented with two levels of concentrate supplement and Yirga (2019) also reported 

related values of Hb and PCV of sheep and goat drinking water with salinity levels. 

Variations (higher or lower) in this study with others may arise from differences in animal 

breed, age, sex, climatic conditions, diet composition, the salinity level of drinking water, 

and the duration of consumption (Dryden, 2008). Higher hemoglobin concentration and 

RBC counts in sheep and goat drinking Lake Basaka water than those drinking other water 

sources could be an attribute of the presence of greater presence of salt content in Lake 

Basaka water. Zoidis and Hadjigeorgiou (2017) showed that drinking saline water (20% 
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NaCl) increased red blood cells count (RBCs) in goats as compared to the freshwater group. 

This may be attributed to haemoconcentration associated with a decrease in water intake due 

to the increase in NaCl concentration in the drinking water, particularly during winter 

(Eltayeb, 2006). 

Table 20. Haematology of sheep and goat drinking or not drinking Lake Basaka water 

Variables 
Water types Species SE SL Normal range 

LB NLB Goat Sheep WT Spp WT*Spp Goat Sheep  

Hb(g/dl) 13.74a 9.48b 11.53 11.69 0.32 ** ns ns 8-12 9-15 

PCV (%) 37.71 35.52 36.30 36.93 0.58 ns ns ns 22-38 27-45 

RBC 

(x106/ml) 

11.51a 9.28b 9.65b 11.13a 0.21 ** ** ns 8-18 9-15 

WBC 

(x103/ml) 

11.96 11.92 12.09 11.80 0.38 ns ns ns 4-13 4-8 

MCV (fL) 32.82 34.01 33.40 33.43 0.42 ns ns ** 6-25 28-40 

MCH (pg) 12.26a 9.08b 10.90 10.44 0.26 ** ns ** 5-8 8-12 

MCHC 

(g/dL) 

37.39a 26.72b 32.44 31.67 0.77 ** ns ns 30-36 31-34 

**Show significant difference (P<0.001) between Lake Basaka water drinkers and not drinkers 

within species in the same row. Hb: hemoglobin; RBC: red blood cell; WBC: white blood cell; PVC: 

packed cell volume; MCV: mean cell volume; MCH: mean cell hemoglobin and MCHC: mean cell 

hemoglobin concentration; SEM: standard error of the means; LB: Lake Basaka; NLB: Non-lake 

Basaka; SL: Significant level; ns: Non-significant. 

4.2.5. Blood serum biochemistry and enzymes profile of study animals 

There were significant differences (P<0.05) in glucose, cholesterol, creatinine, sodium 

(Na+), and ALT and no difference (p>0.05) in total protein, albumin, potassium, magnesium, 

and AST concentration in grazing goat and sheep drinking lake Basaka water and drinking 

other water (Table 21).  The lower concentrations of glucose and cholesterol and greater in 

urea and creatinine were recorded in goat and sheep drank saline water of lake Basaka. 

Additionally, the greater concentration of serum sodium (Na+) and AST were recorded in 

goat than sheep during the study period. The difference between the groups that drank saline 

lake water and the non-saline water may be due to the presence of high salt concentration in 

Lake Basaka water and feeds around the lake since salt affects the concentration of serum 

biochemistry and enzymes of animals. The concentrations of serum biochemistry measured 

in the current study were close to those reported in the literature, increased blood urea and 

creatinine in Barbarine lambs (Yousfi and Salem, 2017), and goats (Zoidis and 
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Hadjigeorgiou 2017) with small differences that could be ascribed to the different breeds 

used and the experimental conditions. Drinking saline water with decreased blood glucose 

concentration in goats and sheep (Tsukahara et al., 2016) and Yousfi and Salem (2017). 

Shaker (2014) reported that serum Na+ and ALT levels increased significantly in sheep fed 

salt-tolerant fodders. The higher sodium concentration in sheep and goat may be associated 

with the increase in NaCl intake through the drinking water, and similar findings were 

reported by Zoidis and Hadjigeorgiou (2017); Vosooghi-Postindoz et al. (2018). Assad and 

El-Sherif (2002) who in their study in sheep found that AST and ALT increased significantly 

as a result of drinking saline water.  

Table 21. Blood biochemicals of sheep and goat drinking or not drinking Lake Basaka water  

Parameters Water Types Species SE SL 

BL NBL Goat Sheep WT Spp WT*Spp 

Glucose (mg/dL) 60.07b 71.33a 68.07 63.33 2.09 ** ns ns 

TP (g/dL) 6.62 7.11 7.01 6.71 0.20 ns ns Ns 

Albumin (mg/dL) 3.95 3.24 4.17 3.02 0.60 ns ns Ns 

Urea (mg/dL) 75.18a 68.96b 74.42a 69.72b 1.81 * ns ** 

Cholesterol (mg/dl) 54.13b 64.93a 61.20 57.87 2.56 * ns ns 

Creatinine (mg/dL) 3.48a 2.68b 3.13 3.03 0.25 * ns ns 

Na+ (mmol/L) 136.07a 126.44b 138.10a 124.41b 1.92 ** ** ** 

Cl- (mmol/L) 101.33 107.20 106.50 102.03 3.94 ns ns ns 

K+ (mmol/L) 7.67 5.99 7.28 6.38 0.78 ns ns ns 

Mg2+ (mmol/L) 2.73 2.79 2.70 2.82 0.13 ns ns ns 

AST (U/L) 92.17 80.93 97.57a 75.54b 7.55 ns * ns 

ALT (U/L) 34.44b 53.59a 47.33 40.69 2.76 ** ns ** 

*Show significant difference (*P<0.05; P<0.001) between Lake Basaka water drinkers and not 

drinkers within species. TP: Total Protein; Na: sodium; Cl: Chlorine; K: Potassium; Mg: 

Magnesium; AST = aspartate amino-transferase; ALT = alanine amino-transferase; SL: Significant 

level; ns: non-significant.  

All the blood biochemistry and metabolites were within normal values for sheep and goats 

(Radostits et al., 2007; Kaneko et al., 2008; Fielder, 2015). However, the serum glucose 

level decreased in lake water drinking group, which could be attributed to the reduced 

availability of nutrients due to low feed intake (Akinmoladun et al. 2020) and an increase in 

urea and creatinine concentration in the blood is associated with an increase of urea 

production in the liver as the result of high water intake. 
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4.3. On Station Experiment 

Effects of Drinking Saline Water of Lake Basaka on Behavioural, Physiological, and 

Blood Constituent of Hararghe-Highland Lambs 

4.3.1. Composition of drinking water provided to experimental animals 

The mean concentrations of sodium, calcium, magnesium, chloride, pH, TDS, electrical 

conductivity, carbonate, and bicarbonate in fresh-water (FW) were lower than saline water 

and it varies among the saline water levels (Table 22).  

Table 22. Physio-chemical composition of the tap (fresh), lake Basaka, and lake Basaka plus 

levels of added salt 

Parameters* 
Water treatments 

FW LB LB100 LB200 

pH 7.61±0.20 8.77±0.03 8.68±0.00 8.58±0.04 

Temperature  23.46±0.86 23.85±0.20 22.91±0.56 23.95±0.80 

Electrical conductivity (EC) 738.5±15.00 3860.01±29.80 7856.5±44.5 11865.50±35.50 

Total dissolved solids (TDS) 510.50±55.50 2560.02±20.03 5277.02±55.00 7952.01±34.02 

Calcium (Ca2+) 1.66±1.34 2.45±0.34 3.87±0.05 4.22±0.19 

Magnesium (Mg2+) 1.24±0.98 2.28±0.05 2.11±0.50 2.18±0.07 

Sodium (Na+) 268.29±5.24 1582.52±12.62 2574.84±25.13 2985.06±4.92 

Potassium (K+) 3.95±2.77 55.92±5.76 59.28±0.48 58.81±9.61 

Chloride (Cl-) 131.50±41.00 847.63±3.18 2002.93±59.53 2913.78±77.78 

Carbonate (CO3
2-) 210.00±10.00 342.00±22.00 374.00±20.00 311.50±13.50 

Bicarbonate (HCO3
-) 240.00±20.00 1020.00±5.00 1730.00±50.00 2280.00±40.00 

*All are in units of mg L-1, except Temperature (oC) and EC (µS cm-1); FW: Fresh Water; LB: Lake 

Basaka water; LB100: Lake Basaka water plus 100%TDS; LB200: Lake Basaka water plus 

200%TDS.  

4.3.2. Climate variables during experimental period 

The average, minimum and maximum temperature and temperature-humidity index of the 

experimental house were higher in the afternoon when compared to the morning, whereas, 

the relative humidity was lower in the afternoon (Table 23). The temperature and humidity 

are within the thermal comfort zone (TCZ) for the species (<25.0°C and 65.0%) (Filho et al. 

2011).  Most of the time, the relative air humidity (RH) was ideal for sheep (Error! R

eference source not found. and Table 23). In a hot and dry environment, evaporation occurs 

quickly, leading to skin irritation and overall dehydration, causing the animal to tend to force 
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the air into the lungs, generating an extra energy expenditure (Silva et al. 2013), which makes 

the exchange of energy through the respiratory tract difficult. High values of AT, which is 

associated with low RH, can influence physiology and consequently the production of the 

animals ((Furtado et al. 2017), especially concerning their heat exchange with the 

environment.  

Table 23.Climate variables of experimental houses during the study period (mean ± SEM) 

Variables Morning (08:30 am) Afternoon (04:30 pm) SL 

Temperature  Minimum 18.70±0.36 20.55±0.43 ** 

Maximum 26.22±0.50 30.26±0.30 *** 

Average 22.46±0.33 25.41±0.26 *** 

Relative Humidity Minimum 37.62±1.65 32.52±1.29 * 

Maximum 74.82±1.50 60.55±2.30 *** 

Average 56.22±1.32 46.53±1.51 *** 

THI Minimum 17.84±0.28 19.24±0.33 ** 

Maximum 25.28±0.47 28.31±0.29 *** 

Average 21.33±0.27 23.53±0.19 *** 

THI: Temperature humidity index; SEM: Standard error of means; SL: Significant level.  

The air temperature, relative humidity, and THI in the experimental house were variable but 

showed a relatively increasing trained across the period of the experiment (Error! R

eference source not found.). During both morning and afternoon, the air temperature peak 

at day 15 and goes down whereas, relative humidity was increased. The THI accounts for 

the combined effect of temperature and relative humidity and is considered as one of the best 

methods to evaluate heat stress in animals (Marai and Haeeb 2010). According to Marai et 

al. (2006) the mean average THI in the current study is within the range that does not cause 

heat stress on animals.  

4.3.3. Growth performance 

4.3.3.1. Water intake 

Water intake was higher for LB (Lake Basaka water) and LB plus added salt levels (LB100 

and LB200TDS) as compared to freshwater (Table 24). The trend showed a slight decrease 

in water intake as TDS increases. Yousfi et al. (2016) found that offering water with 7g 

NaCl/l in Barbarine lambs increased water intake (P<0.001) compared with lambs offered 

with fresh water. Yousfi and Salem (2017) also reported that water intake of Barbarine rams 
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increased (P<0.05) with increasing salt in drinking water from 11 to 15 g NaCl/l compared 

with tap water drank group. Vosooghi-Postindoz et al. (2018) reported that water consump-

tion of Baluchi lambs and the ratio of water to DMI progressively increased in saline water 

treatments (8000mg/L vs 400mg/L TDS) (4791.36 mL vs. 3786.58 mL; P<0.05) compared 

with well water treatments (4.52 g vs. 3.05 g). Furthermore, dramatically increased (P<0.01) 

water consumption of an Egyptian Ossimi lamb offered NaCl in drinking water with levels 

of 0 and 15 g/l was reported by Hussein and Abdelsattar (2019). 

Table 24. Water and dry matter intakes, digestibility, and the bodyweight of lambs consumed 

saline water (mean ± SE) 

Variables  
Water treatments 

SL 
FW LB LB100 LB200 

ADWI (L/day) 1.42±0.03b 1.67±0.08a 1.65±0.05a 1.60±0.06a * 

ADWI (l/kg DM) 1.29±0.02 1.28±0.02 1.31±0.03 1.29±0.03 ns 

DM and nutrient intake (g/day)     

DMI 591.20±5.11 589.15±6.33 594.68±7.48 589.76±8.47 ns 

DMI (%BW) 2684.04±91.08 2666.32±91.12 2690.16±54.53 2729.18±85.37 ns 

OM 514.72±3.09 512.23±9.45 528.76±6.63 524.24±7.69 ns 

CP 92.42±1.48 95.02±0.74 95.31±1.00 94.74±0.98 ns 

NDF 473.89±3.33 471.72±4.14 473.31±6.16 470.82±4.97 ns 

ADF 246.29±1.98 245.18±2.48 247.16±3.33 244.73±3.21 ns 

ADL 52.40±0.49 52.47±0.57 53.06±0.65 52.59±0.76 ns 

ME (MJ/kgDM) 10.58±0.37 10.87±0.19 10.30±0.19 10.57±0.38 ns 

Apparent digestibility (%)     

DM 77.35±2.44 79.60±0.71 73.82±1.33 75.75±2.71 ns  

OM 77.35±2.44 79.60±0.71 73.82±1.33 75.75±2.71 ns 

CP 74.79±1.94 75.84±1.07 70.02±0.69 72.01±2.21 ns 

NDF 82.18±1.60 81.58±0.78 77.82±1.23 77.34±2.49 ns 

ADF 79.40±2.01 81.92±0.52 75.84±1.41 75.86±2.72 ns 

Live body weight     

IBW (kg) 18.19±1.18 17.66±0.60 18.01±0.88 18.23±0.85 ns 

FBW (kg) 22.19±0.80 22.23±0.67 22.16±0.51 21.74±0.79 ns 

ADG (g/day) 66.67±7.18 76.07±4.58 69.17±7.27 58.57±2.90 ns 

FCE 11.29±1.22 12.92±0.78 11.70±1.32 9.94±0.50 ns 
a,b,cMeans bearing different letter superscripts differ significantly (P<0.05). FW: Freshwater; LB: 

Lake Basaka water; LB100: Lake Basaka water plus 100%TDS; LB200: Lake Basaka water plus 

200%TDS; SEM: Standard error of mean; DMI: dry matter intake; OM: organic matter; CP: crude 

protein; NDF: neutral detergent fiber; ADF: acid detergent fiber; IBW: initial body weigh; FBW: 

final body weight; ADG: average daily gain; FCE: feed conversion efficiency. 

 



55 

 

 

 

The increased water consumption by drinking saline water might be due to the increased 

thirst feeling caused by the incidence of polydipsia resulted from lesions of the thirst center 

(Perestrelo and Teixeira, 2016).  An excessive TDS in drinking water decreases the secretion 

of renin (Goldstein and Skadhauge, 2000) and increases angiotensin II that acts on the ad-

renal cortex, causing it to release aldosterone, a hormone that causes the kidneys to retain 

sodium and lose potassium, which leads to increases water consumption (Daniels et al. 

2009). The higher water consumption of the saline water might be to help the kidney in 

removing the exceeded salt from their body ((Kii and Dryden 2005). The increased water 

consumption induces urination thereby increases urine output, enabling animals exposed to 

high salt in drinking water or in the diet to get rid of the excessive amount of salt through 

increased urine production. 

4.3.3.2. Dry matter intake and apparent digestibility 

The finding revealed that dry matter and nutrient intakes, and apparent nutrient digestibility 

were not affected (P>0.05) by water salinity levels (Table 24). The DMI of experimental 

lambs was higher than that suggested by the National Research Council (NRC, 2007) for 

maintenance requirements, demonstrating that the levels of TDS in the water did not affect 

DMI of the present sheep breeds. Following the same trend, DMI as a percentage of body 

weight was within the appropriate value for sheep (NRC, 2007; Table 24).  Moura et al. 

(2016) noted that dry matter intake of crossbred Santa Inês sheep was not influenced by 

water salinity level up to 8326 mg TDS/l. Albuquerque et al. (2019) also reported that intakes 

of DM and nutritional fractions and nutrient digestibility coefficients of the diet of Santa 

Inês lambs were not affected by water salinity level up to 8326 mg/l TDS. In contrast to this, 

in growing and mature Blackhead Ogaden sheep and Somali goats, Yirga (2019) found that 

salinity of drinking water (17g TDS/l) did not affect feed and digested nutrient intakes, but 

digestibility decreased and changed quadratically due to increased salinity of drinking water. 

Variation in change of digestibility among studies might arise from differences in salinity 

levels in water since consumption of excessively high salt could affect functions of rumen 

microbes by increasing ruminal outflow of potentially fermentable fiber (Masters et al., 

2007; Tsukahara et al., 2016). 
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4.3.3.3. Live body weight and change and feed conversion efficiency 

No differences were observed in body weight, average daily gain and feed conversion 

efficiency of sheep consuming saline water of Lake Basaka with a TDS concentration of up 

to7952mg/L (Table 24). It agrees with other studies, Yousfi et al. (2016) who found that 

offering saline water containing 7 g NaCl/l did not affect the final body weight and average 

daily gain of Barbarine lamb. Albuquerque et al. (2019) also noted that final body weight, 

average daily weight gain, and feed conversation efficiency in Santa Inês lambs were not 

affected by water salinity levels up to 8326mg/l TDS). Also, in growing and mature 

Blackhead Ogaden sheep and Somali goats, drinking saline water (17g TDS/l did not 

affected average daily gain (Yirga, 2019). Not in agreement with the present study, Hekal 

(2015) showed ADG of lambs increased from 50 to 80 g/day due to drinking saline than tap 

water (2.89 and 0.275 g TDS/l, respectively) and Body weight gain of Baluchi lambs also 

reduced from 129.4 to 84.6 g/day due to salinity of 8 g/l in drinking water (Vosooghi-

Postindoz et al., 2018).  

4.3.3.4. Ingestive behavioural parameters 

Time spent on drinking and inactive and watering frequency were significantly different 

(P<0.05) among salinity levels (Table 25), which can be explained by the fact that confined 

animals tend to present similar behaviour, due to the permanence in individual pens, and by 

the similarity between nutrient sources in the diets (Nomura et al., 2008). Alterations in the 

feeding, rumination, and idle activities can be often verified in studies where the 

experimental diets vary in fiber contents, as observed in an experiment conducted by 

(Carvalho et al. 2004), who supplied increasing levels of NDF from the forage in diets for 

dairy goats and found an increase in the feeding and rumination times and decrease in the 

idle time. Lambs drank fresh water spent more time on drinking and less frequent, and lambs 

drinking Lake Basaka water plus 200%TDS of Lake Basaka water spent less time on 

drinking and more frequent when compared to others. Freshwater groups spent more time 

inactive than other salinity level groups. Moura et al. (2016) suggested that water with 

different levels of total dissolved solids (640; 3,188; 5,740; and 8.326 mg/l) did not cause 

alterations in Ingestive behaviour of sheep and Leite et al. (2019) found that animals that 

consumed water with a salinity level of 9.0dS/m spent a greater amount of time drinking 
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water compared to those consuming water with a salinity level of 3.0dS/m. In fact during 

day time, there is a higher rate of turnover of water and consequently a greater digestibility 

of the ruminal fluid resulting in greater assimilation of sodium chloride and its concentration 

in extracellular liquids; thus, the thirst sensation of the animals increased when they 

consumed water with higher concentrations of sodium, which make them consume water 

more frequently (Assad and El-Sherif, 2002). Besides, the elevation of water salinity caused 

increased idle time in sheep and reduced the time they remained inactive at the night (Leite 

et al., 2019). 

Table 25. Percentage Ingestive behavioural parameters of lambs drank water with levels of 

salinity (Mean ± SEM) 

Behavioral Parameters 
Water Treatments 

SL 
FW LB LB100 LB200 

Feeding (%) 16.42±0.71 18.69±1.11 17.81±0.89 18.05±0.54 Ns 

Drinking (%) 0.59±0.07a 0.56±0.07a 0.43±0.05ab 0.31±0.04b ** 

Inactive (%) 30.91±0.69a 29.38±0.89ab 27.73±0.92ab 27.52±0.86b * 

Sleeping (%) 18.19±0.98 18.50±1.11 18.10±1.23 17.93±0.91 Ns 

Ruminating (%)  30.23±0.46 29.29±0.43 31.36±1.17 31.62±0.26 Ns 

Others (%) 3.66±0.85 3.59±0.50 4.58±0.70 4.58±1.06 Ns 

Feeding frequency (n/d) 9.48±0.50 8.62±0.34 10.19±0.55 8.71±0.52 Ns 

Watering frequency (n/d) 2.95±0.17c 3.24±0.32bc 4.19±0.27ab 4.81±0.25a *** 
a,b,cMeans within row bearing different superscript letters differ significantly (*=p<0.05; 

**=p<0.01; ***=p<0.001). FW: Fresh Water; LB: Lake Basaka water; LB100: Lake Basaka water 

plus 100%TDS; LB200: Lake Basaka water plus 200%TDS; SEM: Standard error of mean; SL: 

Significant level; n/d: Number per day; %: Percent; ns: not significant.  

4.3.4. Physiological responses 

4.3.4.1. Rectal temperature 

Rectal temperature (RT) was significantly (p<0.001) lower in freshwater drinking goats than 

the other saline water treatments (Table 26). The average rectal temperature was within the 

normal range (38.5 to 39.9 °C) for the species (Cunningham, 2004). The afternoon RT of 

lambs was higher than morning (Figure 6), which is positively related to the ambient 

temperature indicating that RT is increased when evaporative processes of heat exchange 

are insufficient and that sheep have difficulty in dissipating heat under high ambient 

temperatures ((Eustáquio Filho et al. 2011).  
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Table 26. Physiological parameters of experimental lambs drinking saline water (mean± 

SEM) 

Variables  FW LB LB100 LB200 SL 

RT (℃) 38.62±0.08b 38.95±0.04a 38.90±0.02a 38.98±0.06a *** 

RR (mov/min) 27.87±0.41b 28.80±0.33ab 30.14±0.56a 30.49±0.50a ** 

PR (beat/min) 90.60±1.87 87.21±0.61 87.94±1.15 87.20±0.79 Ns 

a,bMeans within row bearing different superscript letters differ significantly (**=p<0.01; 

***=p<0.001). FW: Fresh Water; LB: Lake Basaka water; LB100: Lake Basaka water plus 

100%TDS; LB200: Lake Basaka water plus 200%TDS; RT: Rectal Temperature; RR: Respiration 

Rate; PR: Pulse Rate: SEM: Standard error of mean; SL: Significant level; ns: not significant. 
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Figure 4. The relation between ambient temperature and rectal temperature of lambs. 

Araújo et al. (2010) observed RT within normal range though the sheep were kept in an 

environment with high AT, BGHI and TLR, and low RH in most of the days while 

consuming water with salinity above the recommended level. Júnior et al. (2019) reported 

that the rectal temperature of Santa Inês lambs drank water containing salinity of 1.5dSm-

1(39.2oC) and 6.0dSm-1(39.4oC) was significantly different. Hekal (2015) similarly reported 

that Barki ram lambs offered saline water containing 2886ppm TDS had a higher rectal 

temperature than 275ppm TDS group (39.30 vs 39.10 ºC, respectively). The increased rectal 

temperature in animals drank water with high salinity indicates that the increase in NaCl 

concentration in drinking water had no significant effect on RT which is attributed to the 

increase in heat gain from the thermal environment. Accordingly, the present sheep breed 

may be adapted to saline water by increasing rectal temperature. 
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4.3.4.2.  Respiration rate 

Respiration rate was significantly greater (P<0.01) in lambs drank Lake Basaka water plus 

100 and 200 TDS than those consumed freshwater while Lake Basaka water drank groups 

did not differ from other treatments (Table 26). This is possibly due to the ionic dissociation 

of NaCl in the aqueous medium, producing HCl making the blood and body fluids acidic. 

Such acidity can reduce blood pH, causing the breathing to be deeper and faster since the 

body is trying to release the excess acid found in the blood (González and Silva, 2017). 

Similarly, Júnior et al. (2019) reported that water salinity caused significant effect (P< 0.05) 

on the respiratory rate of Santa Inês lambs, with highest values in animals consumed water 

with 3.0 dS m-1 (63.5 mov min-1) and 6.0 dS m-1 (57.1 mov min-1). Hekal (2015) reported 

that Barki ram lambs offered saline water containing 2886ppm TDS had a higher respiration 

rate than 275ppm TDS group (55.34 vs 48.80 breaths/min, respectively). 
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Figure 5. Relationship between ambient temperature and respiration rate of lambs. 

The average respiratory rate was 29.3 mov min-1, which is within the normal range for the 

species that vary between 24.0 and 36.0 mov min-1 in thermoneutral environments. The RR 

of lambs was higher in the afternoon than the morning (Figure 7). This elevation is due to 

the high ambient temperature associated with low relative humidity, so the animals used this 

physiological adjustment to eliminate body heat (Silanikove, 2000) where the animals spend 

energy in the dissipation of heat by respiration to maintain homeothermy. Physiological 
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control mechanisms in animals have evolved to limit the losses of body fluids; and the 

elevation of respiratory rate underwater salinity stress for a longer period may reduce the 

total amount of body water (Júnior et al. 2019). Mammals have osmoreceptors in the brain, 

which suppress heavy breathing and sweating when the effective osmotic pressure increases, 

preserving body water ((McKinley et al. 2017). The increased respiration rate is probably 

indicating an effort of animals to maintain their normal body temperature by increasing their 

heat dissipation through increasing respiratory evaporation (Hamzaoui et al. 2013). 

4.3.4.3.  Pulse rate (PR) 

There was no significant difference among saline water levels in the pulse rate of lambs 

(P<0.05) (Table 26). The PR of the lambs was slightly higher in the afternoon than in the 

morning (Figure 8).  Marai et al. (2007) noted that the biological functions of sheep exposed 

to high ambient temperature could be negatively affected and compromises their 

performance. The high PR values are due to the exposure of the animals to unfavourable 

climatic conditions, as they used this variable to eliminate body heat because, with the 

increase in PR, there is a greater circulation of blood, which takes the warm blood from the 

centre of the body to its peripheral parts.  Physiological parameters are influenced by the 

time of day because the ambient temperature is higher in the afternoon than in the morning 

(Sejian et al., 2010; Silva et al., 2013). In the current study, the increased RT, RR, and PR 

of the experimental lambs in the afternoon period attributed to the increase in ambient 

temperature in the afternoon (Error! Reference source not found.).  
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Figure 6. Relationship between ambient temperature and pulse rate of lambs 
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4.3.5. Blood parameters 

4.3.5.1. Haematological parameters 

The haemoglobin concentration and its indices decreased as water salinity increases when 

compared to freshwater (Table 27). This result was in agreement with the findings of Eltayeb 

(2006) reported blood Hb in female Nubian goats offered saline water (1.2 and 1.6% NaCl) 

during the summer season decreased compared with those offered tap water. Similarly, Barki 

sheep Hb was decreased in 2800 ppm TDS (10.74 mg/dl) than that in 244 ppm TDS 

(2.38mg/dl) (Hekal, 2015). In the current study, the reduction in Hb might be attributed to 

the haemodilution effect resulting from an increase in water intake (El-Sherif and Assad 

2001).  

Table 27. Blood haematology of lambs drank levels of saline water (mean ± SEM)  

Variables 
Water Treatments 

SL 
FW LB LB100 LB200 

Hb (g/dl) 11.07±0.33a 10.26±0.08ab 9.97±0.17b 9.78±0.20b ** 

PCV (%) 31.98±1.26 30.85±0.38 30.43±0.68 32.27±0.99 ns 

RBC (×106/µl) 10.35±0.31 9.89±0.16 10.08±0.19 10.40±0.33 ns 

WBC (×106/µl) 8.44±0.46 7.98±0.62 8.45±0.46 7.29±0.47 ns 

MCV (fl) 30.88±0.40 31.23±0.32 30.32±0.52 31.11±0.27 ns 

MCH (pg) 10.76±0.24a 10.39±0.11a 9.93±0.14ab 9.50±0.32b ** 

MCHC (g/dl) 34.89±0.96a 33.31±0.31ba 32.83±0.69ba 30.58±1.04b ** 
a,bMeans within row bearing different superscript letters differ significantly (**=p<0.01); FW: Fresh 

Water; LB: Lake Basaka water; LB100: Lake Basaka water plus 100%TDS; LB200: Lake Basaka 

water plus 200%TDS; Hb: Haemoglobin; PCV: Packed cell volume; RBC: Red blood cell; WBC: 

White blood cell; MCV: Mean corpuscular volume; MCH: Mean corpuscular haemoglobin; and 

MCHC: Mean corpuscular haemoglobin concentration; SEM: Standard error of mean; SL: 

Significant level; ns: not significant. 

4.3.5.2. Blood serum biochemical  

The concentrations of blood biochemical measured in the current study were close to those 

reported in the literature ((Jaber et al., 2004; Casamassima et al., 2008; Deghnouche et al., 

2011; Yousfi and  Salem, 2017)with small differences that could be ascribed to the different 

breeds used and the experimental conditions. The serum concentration of glucose, albumin, 

urea, and triglycerides significantly differs (P<0.05) among water salinity levels, whereas 

the concentration of total protein, cholesterol, and creatinine did not significantly differ 

(Table 28). Lambs consuming freshwater had lower blood glucose concentration than saline 
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water treatments. However, glucose concentration at all levels of saline water is within the 

normal range value for sheep. Similarly, Hekal (2015) reported that Barki sheep drank saline 

water (2800ppm TDS) had higher glucose (99.11 vs 72.97) mg/dl than those who drank tap 

water (240 ppm TDs) group, which may be attributed to a decrease in feed intake by the 

treated group. Assad and El-Sherif (2002) reported that the decrease in plasma glucose levels 

could be related to the fact that an increase in salinity of drinking water was associated with 

a decrease in food intake. Factors responsible for the change in glucose concentration was 

not determined, but appeared independent of decreased feed intake, which is following no 

effect of water treatment on DM intake in the present experiment.  

Table 28. Blood biochemical of lambs drank levels of saline water (mean ± SEM) 

Variables 
Water Treatments 

SL 
FW LB LB100 LB200 

Glucose (mg/dl) 56.32±1.38b 60.21±1.53ab 64.11±0.83a 63.86±1.46a *** 

Total Protein (g/dl) 6.18±0.16 6.33±0.17 6.38±0.11 6.06±0.09 ns 

Albumin (g/dl) 3.37±0.07b 3.68±0.09ab 3.76±0.10a 4.02±0.10a *** 

Urea (mg/dl) 20.32±0.51c 24.79±0.77b 28.11±1.39ab 28.93±0.81a *** 

Cholesterols (mg/dl) 59.61±2.53 61.75±1.74 61.43±3.21 62.07±1.67 ns 

Creatinine (mg/dl) 1.33±0.04 1.45±0.05 1.52±0.10 1.54±0.08 ns 

Triglycerides (mg/dl) 29.00±0.66c 30.57±0.51bc 31.86±0.44ab 33.24±0.51a *** 

Na+ (mmol/L) 136.36±1.34b 140.14±1.40ab 142.96±0.90a 142.50±0.89a ** 

Cl- (mmol/L) 101.11±1.24 102.46±1.71 102.75±2.08 106.18±3.86 ns 

K- (mmol/L) 4.33±0.20 5.20±0.39 5.11±0.44 4.70±0.37 ns 

Mg2+ (mmol/L) 2.15±0.06 2.16±0.05 2.16±0.04 2.34±0.08 ns 

Ca2+ (mg/dl) 5.83±0.09 5.86±0.10 5.94±0.11 5.97±0.12 ns 

AST (u/l) 85.52±0.88b 90.06±0.81b 96.48±1.80a 101.78±2.24a *** 

ALT (u/l) 30.77±0.53c 32.09±0.46c 35.62±1.03a 40.02±0.83a *** 

T3 (ng/dl) 1.50±0.13b 2.04±0.24ab 2.17±0.13a 1.87±0.15ab * 

T4 (ng/dl) 31.73±3.60a 27.44±1.74bab 23.06±0.49ab 22.36±1.95b * 
a,bMeans within row bearing different superscript letters differ significantly (***=p<0.001). FW: 

Fresh Water; LB: Lake Basaka water; LB100: Lake Basaka water plus 100%TDS; LB200: Lake 

Basaka water plus 200%TDS; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; 

T3: Triiodothyronine; T4: Thyroxine; SEM: Standard error of mean; SL: Significant level; ns: not 

significant. 

Albumin, triglycerides, and total protein concentrations in the blood serum are indicators of 

liver function and the nutritional status of the animal (Hussein et al. 2020). In the present 

study, the concentration of the total protein was similar among treatments, whereas albumin 
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and triglycerides were lower for lambs drank fresh water and increased with increasing saline 

level. However, the concentration values were within the normal values of sheep. The higher 

serum concentration of Albumin may be related to the role of Na in absorption of amino 

acids from the gut and subsequent utilization of the amino acids in the formation of plasma 

proteins (Ganong, 2005). And, the increases in concentrations of triglycerides reflect 

mobilization of body fat to support additional energy needs for activated metabolic functions 

to cope with the stress in drinking water and to produce metabolic water (Hussein, 2019). 

Correspondingly, serum creatinine, and urea are indicators of kidney function. Although the 

value was within the normal range for sheep, the urea concentration was lower for lambs 

that drank fresh water and higher for treatment with a high level of TDS (Lake Basaka plus 

200% TDS). The result was following that reported by Yousfi and Salem (2017) who 

reported significantly higher plasma urea in Barbarine sheep drank saline water containing 

11 or 15 g NaCl/l compared to those offered tap water, suggesting an alteration of kidney 

function. In Barki sheep, Ghanem et al. (2018) showed saline water (4557 or 8934ppm TDS) 

drinking for 9 months significantly increased the serum urea compared with tap water group. 

Generally, an increase in urea production in the liver is associated with an increase in urea 

concentration in the blood (Higgins, 2016) .  

Minerals play an important role in the regulation of body fluids, acid-base balance, and 

metabolic processes. Except for sodium (Na+), serum concentration did not differ among 

saline water levels (Table 29). Sodium serum concentration was significantly (P<0.01) 

greater in LB100 and LB200 treatments than FW, while LB did not differ from the other 

treatments. The increase in serum Na concentration in lambs is associated with an increase 

in NaCl intake through saline drinking water.  

Increasing sodium chloride concentration in drinking saline water of Lake Basaka increased 

the concentration of AST when compared to freshwater drinking group (Table 28). Alanine 

aminotransferase showed the same trend as AST. This finding was consistent with the 

observations of Hekal (2015) who reported that Barki ram lambs consuming saline water 

(2800ppm TDS) had higher AST and ALT enzymes than of tap water (244ppm TDS) (94.62 

vs 89.15 IU/ml and 41.36 vs 36.62 IU/ml, respectively). Similarly, Ghanem et al., 2018) 

reported that ALT and AST concentration in the medium saline water (4,557ppm) and high 
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saline water (8,934) groups of Barki sheep were higher than that of Tap water (350ppm). 

The ALT and AST are liver marker enzymes and depict the functioning of the liver. Though 

the values increased with increasing levels of TDS, their concentration is within the 

physiological range. So, it could be concluded that some adverse effect was seen in liver 

functioning but that was not to the extent which could cause an ill effect on the health of the 

animal. Assad and El-Sherif (2002) investigated the effect of saline load concentrations on 

these liver enzymes in sheep and reported an increase in plasma concentration concerning 

saline load especially at a low nutritional level. In another study done by Shaker (2014) on 

sheep fed salt-tolerant fodder, an increasing trend was observed when high saltwater was 

offered. It can be concluded that ALT was released more, indicating liver hyperfunction in 

sheep due to the increase in salinity of drinking water, especially at a decreased nutrient 

intake. Besides, the glucose level decreased with saline administration. This indicated the 

incidence of energy expenditure by sheep for coping with saline load, which exerted stress 

on the liver function.  

Triiodothyronine (T3) concentration was significantly higher (P<0.05) for T3 than tap water 

drinking lambs, and numerically all saltwater treatments lambs has a greater concentration 

of this hormone; whereas Thyroxine (T4) was significantly higher (P<0.05) for lambs drank 

tap than drinking water containing the highest level of salt (T4), and its concentration showed 

decreasing trend (Table 28). The current finding was comparable with (Hekal 2015) who 

reported that total triiodothyronine (T3) was higher in the saline water group than in the tap 

water group (1.44 vs 1.20mmol/l, respectively), and Thyroxine (T4) concentrations were 

lower in saline water group than those in tap water group (41.77 vs 46.63nmol/l, 

respectively) in Barki sheep. Thyroid hormones, triiodothyronine (T3) and thyroxine (T4) 

have an important role in thermoregulation and maintaining metabolic homeostasis of energy 

and proteins (Huszenicza et al., 2002; Latimer et al., 2005; Thrall, 2004). In this study, the 

possible reason for the increase of serum thyroid hormone levels is due to the addition of 

NaCl into the water which is considered an essential component for thyroid hormone 

synthesis. Increased T3 concentration can be explained by increased activity of enzyme type 

4 deiodinase in the conversion of thyroxine T4 into the more active triiodothyronine T3 

(Novoselec et al. 2017). 



65 

 

 

 

5. SUMMARY AND CONCLUSIONS 

Small ruminants are mostly kept by rural poor nearly all pastoralists and agro-pastoralists, 

notably in arid regions whereby fresh water is scarce, animals are forced to drink salt water. 

The survey study was conducted to assess the perception of the water quality of Lake Basaka 

for sheep and goats on the basis of physiological and blood parameters for sheep and goats 

under grazing conditions and an on-station experiment was conducted to evaluate the effects 

of drinking saline water of Lake Basaka and higher levels of total dissolved solid through 

the addition of NaCl on behavioural, physiological, blood parameters of Hararghe-highland 

sheep breed. The present survey study showed that pastoralists and agro-pastoral systems 

with diverse animal species, mostly sheep and goats.  Feed scarcity was the major identified 

constraint led by drought, market, predator, and disease in sheep and goat production due to 

climate change and the expansion of Lake Basaka water.  

With corresponding to water analytic analysis and the majority of respondents perceived that 

Lake Basaka water was not good for livestock drinking because of its salinity, and it was the 

main source of water for animals drinking, mostly during dry periods. The salinity content 

of Lake Basaka varied with seasons and climate conditions which might be negatively affects 

the production and health of animals. Even for the parameters observed above the maximum 

tolerable values, intake for short term may not cause any measurable effect on growth, 

production or reproduction. However, in dry region including the study area, where feed 

scarce, long term intake of saline water of lake Basaka might not be safe for livestock species 

especially during dry seasons. Under on-farm condition, measured physiological variables 

varied between the water types, time of the day, and species and sheep had greater RT (39.4 

vs. 38.9oc), RR (39.2 vs. 30.4mov/min), PR (85.4 vs. 82.9beat/min) than goat. Additionally, 

the concentration of haemoglobin, RBC counts, glucose, cholesterol, urea and creatinine 

waried between water sources and RBC count in the blood of sheep (11.13 x106/ml) was 

greater than goats (9.65 x106/ml), while the greater concentration of serum sodium and AST 

were recorded in goat than sheep during the study period. Consequently, the current finding 

of on-station revealed increased concentrations of TDS levels in Basaka lake water was 

influences total water intake (1.42, 1.67, 1.65, and 1.60 l/day for FW, LB, and LB100 and 

LB200, respectively) of experimental lambs. Additionally, during a day, behavioural 
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parameters of like water frequency, time spent on drinking water and inactive were affected 

by drinking saline water of Lake Basaka, whereas no difference was observed in the time 

spent on feeding, sleeping, ruminating and others, and frequency of feeding. Rises of the 

rectal temperature and respiration rate (38.62, 38.95, 38.90 and 38.98oc; 27.87, 28.80, 30.14, 

and 30.49 mov/min for FW, LB, and LB100 and LB200, respectively) of lambs were 

observed in lambs drank saline water of Lake Basaka and higher levels of TDS, but the 

animals maintained within the normal range. The decreased concentration of haemoglobin 

(10.76, 10.39, 9.93 and 9.50pg for FW, LB, and LB100 and LB200, respectively) and while 

increased the concentration of glucose, albumin, urea, triglycerides, sodium, enzymes (AST 

and ALT), triiodothyronine (T3) (1.50, 2.04, 2.17, and 1.87 ng/dl for FW, LB, and LB100 

and LB200, respectively), and slightly decreased thyroxine were significantly different in 

lambs drank Lake Basaka water with TDS levels. Inconclusion, assessed physiological and 

biochemical values determined for sheep and goat consuming saline water of lake Basaka 

were not different from previously known reference values of the species and drinking saline 

water of lake Basaka water with TDS levels through the addition of sodium chloride had no 

harmful effects on Hararghe-highland lambs under intensive production system.  

5.1. Recommendations 

• Determining the adaptability of sheep and goat to water salinity is crucial to take the 

proper measures to sustain the extensive production systems in arid regions where water 

scarcity and salinity are becoming more common.  

• Future research is needed to study the overlapping and long-term 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.  

• To make a concrete conclusion, it is necessary to undertake detail analysis of the lake 

water at different seasons including other quality parameters that are not included in the 

present study and to evaluate long term effects of drinking the water on different species, 

breeds and classes of livestock. 
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7. APPENDICES 

Appendix 1: Survey questionnaire 

Dear Respondent, I am a graduate student at Haramaya University, Africa Center Of 

Excellence for Climate Smart Agriculture and Biodiversity Conservation program. By now, 

I am going to conducting a research on to assessment the farmer perception on water quality 

and small ruminants’ production in Fantalle district, east Shewa, Ethiopia. For that reason, 

your active participation and authentic responses are very important in meeting the proposed 

objectives of the study. Thus, I kindly request your active cooperation in responding to the 

questionnaires. The questionnaires are solely for academic research purpose and so that any 

information you provide will be kept confidential. 

Thank you! 

Questionnaire number________________________ 

Name of zone: __________________________________________________________ 

Name district____________________________________________________________ 

Name village____________________________________________________________ 

Enumerator name________________________________________________________ 

Date………………………………………………. 

SECTION A: Household demographics 

1. Head of the household 

a) Sex: M □ F □   b) Marital status: Married □ Single □Divorced □ Widowed □ 

c) Age:<18 □ 18-30 □ 31-50 □ > 50 □ d) Is the head of the household resident on the 

farm? Yes □ No □ e) Highest education level: No formal education □ Grade1-7 □ 

Grade8-12 □ Tertiary □ f) Have you ever received any training on sheep and goat 

production? Yes □ No □ g) What are major sources of income? Crops □ Livestock sales 

□ Livestock products □ Government grant □ Salary □ Other □, specify…… 

2. What is your household composition? 

Age group  Males  Female 

Adults (36+ years)   

Youth (13-35 years)   

Children (0-12 years)   
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3. Types of livestock species kept? (Please tick first column as appropriate. The second 

column is for the number of that appropriate livestock species. The last column is for rank 

levels of the other types of livestock species kept – 1 is for the highest priority) 

Livestock species  Tick (appropriate)  Number of animals  Rank 

Cattle    

Goats    

Sheep    

Chickens    

Pigs    

SECTION B: Sheep and Goat Production 

1. Why do you keep sheep and goats? (Please tick the first column for the purpose and the 

second column for ranking) 

Tick  Rank 

Meat  

Milk  

Manure  

Skin  

Sales  

Investment  

Traditional ceremonies  

Gift  

2. Are you part of any farmer association? Yes □ No □ 

3. Who is the owner of the goats and/or sheep?  Father □ Mother □ Children □ Other□ 

(specify)………. 

4. Who takes decisions about sheep and/or goat management?  Owner□ Shepherd □ Chil-

dren □Other□, specify……................ 

5. What goat and sheep production system do you use?  Extensive □ Intensive □ Semi-in-

tensive □ Tethering □Integrated livestock/crop system □  

6. What are the challenges facing sheep and goat production? Feed Shortage □ Diseases □ 

Inbreeding □ Theft □ Water Scarcity □Water Quality □ Other (Specify)………. 

7. Do you milk your goats? Yes □ No □ (If not, please skip question no. 16) 

8. How much milk is produced by goats in each season? 

Season  Milk production 

<500ml  500ml - 1L  >1L  None 

Rainy season    

Post-rainy season    

Cool dry season    

Hot dry season    
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SECTION C: Water accessibility and quality for small ruminants 

1. Is water scarcity a major problem for your livestock? Yes □ No □  

2. When is water scarcity a major problem? Rainy season □ Post-rainy season□  Cool dry 

season □  Hot dry season □ 

3. Is water quality a major problem for your livestock? Yes □ No □ 

4. When is water quality a major problem?  Rainy season □ Post-rainy season□  Cool dry 

season □  Hot dry season □ 

5. How far is a water source from your household?   <1km □ 2-3km □  <5km □ >5km  

6. What are the sources of water for sheep and goat? (Can tick one or more) 

Season  Water sources 

Borehole  Dam/ponds  River  Lake  Spring  Tap  Rain water  

Rainy season       

Post-rainy season       

Cool dry- season       

Hot dry season       

7. Who monitors sheep and goats during drinking when they are being herded? 

 Adults□ Shepherd □ Teenagers □ 

8. What is your frequency of water supply to sheep and goats?  Freely available □ Once a 

day □ Twice a day □ Every other day □ Twice a week □ Other (Spec-

ify)………………………… 

 

APPENDIX 2. ANALYSES OF VARIANCE 

Appendix Table 1. ANOVA for physiological parameters of grazing sheep and goats 

Parameters Source DF SS MS F Value Pr > F 

Rectal Temperature Species 1 0.642403 0.642403 7.93 0.0058  
Time 1 68.79616 68.79616 848.79 <.0001  
Water types 1 3.33E-06 3.33E-06 0 0.9949  
Interaction  1 0.01083 0.01083 0.13 0.7154 

Respiration rate Species 1 2284.641 2284.641 207.85 <.0001  
Time 1 3638.805 3638.805 331.05 <.0001  
Water types 1 4.033333 4.033333 0.37 0.5459  
Interaction 1 56.58133 56.58133 5.15 0.0252 

Pulse rate Species 1 188.9528 188.9528 21.2 <.0001  
Time 1 848.1147 848.1147 95.15 <.0001  
Water types 1 109.4048 109.4048 12.27 0.0007  
Interaction 1 56.88387 56.88387 6.38 0.0129 
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Appendix Table 2. ANOVA for hematological parameters of grazing sheep and goats 

Parameters Source DF SS MS F Value Pr > F 

Hb Species 1 0.416667 0.416667 0.25 0.6172  
Water types 1 272.214 272.214 165.07 <.0001  
Interaction 1 0.032667 0.032667 0.02 0.8886 

PCV Species 1 5.84064 5.84064 0.3 0.5855  
Water types 1 72.16067 72.16067 3.72 0.0589  
Interaction 1 10.63446 10.63446 0.55 0.4623 

RBC Species 1 33.019 33.019 40.95 <.0001  
Water types 1 74.839 74.839 92.81 <.0001  
Interaction 1 0.382402 0.382402 0.47 0.4939 

WBC Species 1 1.255707 1.255707 0.14 0.7086  
Water types 1 0.027307 0.027307 0 0.956  
Interaction 1 3.770027 3.770027 0.42 0.5178 

MCV Species 1 0.016667 0.016667 0 0.9607  
Water types 1 21.38454 21.38454 3.15 0.0814  
Interaction 1 227.0593 227.0593 33.43 <.0001 

MCH Species 1 3.25734 3.25734 3.5 0.0667  
Water types 1 151.686 151.686 162.92 <.0001  
Interaction 1 27.28353 27.28353 29.3 <.0001 

MCHC Species 1 8.878107 8.878107 1.38 0.2458  
Water types 1 1707.307 1707.307 264.53 <.0001  
Interaction 1 2.128167 2.128167 0.33 0.5681 

Appendix Table 3. ANOVA for Biochemical parameters of grazing sheep and goats 

Parameters Source DF SS MS F Value Pr > F 

Glucose Water Types 1 1904.067 1904.067 14.59 0.0003  
Species 1 336.0667 336.0667 2.58 0.1142  
Interaction 1 459.2667 459.2667 3.52 0.0659 

Total protein Water Types 1 3.6015 3.6015 3 0.0888  
Species 1 1.320167 1.320167 1.1 0.299  
Interaction 1 1.040167 1.040167 0.87 0.3561 

Albumin Water Types 1 7.632667 7.632667 0.7 0.4074  
Species 1 19.72267 19.72267 1.8 0.1851  
Interaction 1 3.456 3.456 0.32 0.5766 

Urea Water Types 1 580.9482 580.9482 5.93 0.0181  
Species 1 330.8802 330.8802 3.38 0.0715  
Interaction 1 1855.928 1855.928 18.93 <.0001 

Cholesterol Water Types 1 1749.6 1749.6 8.92 0.0042 
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Species 1 166.6667 166.6667 0.85 0.3607  
Interaction 1 45.06667 45.06667 0.23 0.6337 

Creatinine Water Types 1 9.760667 9.760667 5.04 0.0287  
Species 1 0.170667 0.170667 0.09 0.7676  
Interaction 1 0.054 0.054 0.03 0.8679 

Sodium Water Types 1 1390.091 1390.091 12.57 0.0008  
Species 1 2812.611 2812.611 25.43 <.0001  
Interaction 1 2545.411 2545.411 23.02 <.0001 

Chlorides Water Types 1 516.2667 516.2667 1.11 0.2974  
Species 1 299.2667 299.2667 0.64 0.4266  
Interaction 1 8.066667 8.066667 0.02 0.8959 

Potassium Water Types 1 42.50417 42.50417 2.34 0.1317  
Species 1 12.06017 12.06017 0.66 0.4186  
Interaction 1 32.70817 32.70817 1.8 0.185 

Magnesium Water Types 1 0.042667 0.042667 0.08 0.779  
Species 1 0.216 0.216 0.4 0.5284  
Interaction 1 3.650667 3.650667 6.8 0.0117 

AST Water Types 1 1893.94 1893.94 1.11 0.2969  
Species 1 7279.814 7279.814 4.26 0.0437  
Interaction 1 4630.574 4630.574 2.71 0.1053 

ALT Water Types 1 5498.923 5498.923 24 <.0001  
Species 1 661.344 661.344 2.89 0.0949  
Interaction 1 1990.656 1990.656 8.69 0.0047 

Appendix Table 4. ANOVA for Percentage Ingestive behavioural parameters of lambs drank 

water with levels of salinity 

Parameters Source DF Sum of 

Squares 

Mean 

Square 

F Value Pr > F 

Eating time Model 3 19.19426 6.39809 1.3 0.2977  
Error 24 118.22432 4.92601 

  

 
C. Total 27 137.41859 

   

Drinking time Model 3 0.35457 0.11819 4.74 0.0098  
Error 24 0.59815 0.02492 

  

 
C. Total 27 0.95272 

   

Inactive time Model 3 52.68259 17.56086 3.51 0.0305  
Error 24 119.91327 4.99639 

  

 
C. Total 27 172.59586 

   

Sleeping time Model 3 1.22009 0.40670 0.05 0.9843  
Error 24 190.12936 7.92206 

  

 
C. Total 27 191.34945 

   

Ruminating time Model 3 24.33371 8.11124 2.51 0.0827 
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Error 24 77.51950 3.22998 

  

 
C. Total 27 101.85321 

   

Others time Model 3 6.37067 2.12356 0.47 0.7074  
Error 24 108.93308 4.53888 

  

 
C. Total 27 115.30375 

   

Appendix Table 5. ANOVA for physiological parameters of lambs drank water with levels 

of salinity 

Parameters Source DF SS MS F Value Pr > F 

Rectal temperature Model 3 0.583039 0.194346 8.58 0.0005  
Error 24 0.543486 0.022645 

  

 
C. Total 27 1.126525 

   

Respiration Rate Model 3 30.8325 10.2775 7.01 0.0015  
Error 24 35.18 1.465833 

  

 
C. Total 27 66.0125 

   

Pulse Rate Model 3 54.54107 18.18036 1.79 0.1762  
Error 24 243.9257 10.16357 

  

 
C. Total 27 298.4668 

   

Appendix Table 6. blood hematology of lambs drank water with levels of salinity 

Parameters Source DF SS MS F Value Pr > F 

Hemoglobin Model 3 6.811138 2.270379 6.82 0.0017  
Error 24 7.988929 0.332872 

  

 
C. Total 27 14.80007 

   

PCV Model 3 16.25471 5.418237 0.98 0.4191  
Error 24 132.8316 5.53465 

  

 
C. Total 27 149.0863 

   

RBC Model 3 1.171401 0.390467 0.84 0.4861  
Error 24 11.17621 0.465675 

  

 
C. Total 27 12.34761 

   

WBC Model 3 6.226317 2.075439 1.16 0.3439  
Error 24 42.78536 1.782723 

  

 
C. Total 27 49.01167 

   

MCV Model 3 3.395358 1.131786 1.06 0.3842  
Error 24 25.60747 1.066978 

  

 
C. Total 27 29.00283 

   

MCH Model 3 6.255817 2.085272 6.37 0.0025  
Error 24 7.858083 0.32742 

  

 
C. Total 27 14.1139 

   

MCHC Model 3 66.69691 22.2323 4.94 0.0082  
Error 24 108.0748 4.503117 

  

 
C. Total 27 174.7717 
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Appendix Table 7. ANOVA blood biochemistry of lambs drank water with levels of salinity 

Parameters Source DF SS MS F Value Pr > F 

Glucose Model 3 281.8304 93.94345 7.59 0.001  
Error 24 297.2321 12.38467 

  

 
C. Total 27 579.0625 

   

Total Protein Model 3 0.459464 0.153155 1.16 0.3455  
Error 24 3.168571 0.132024 

  

 
C. Total 27 3.628036 

   

Albumin Model 3 1.525781 0.508594 9.11 0.0003  
Error 24 1.339286 0.055804 

  

 
C. Total 27 2.865067 

   

Urea Model 3 321.125 107.0417 17.72 <.0001  
Error 24 144.9643 6.040179 

  

 
C. Total 27 466.0893 

   

Cholesterols Model 3 25.55357 8.517857 0.22 0.8844  
Error 24 946.7857 39.4494 

  

 
C. Total 27 972.3393 

   

Creatinine Model 3 0.198281 0.066094 1.76 0.1811  
Error 24 0.899643 0.037485 

  

 
C. Total 27 1.097924 

   

Triglycerides Model 3 68.71429 22.90476 11.44 <.0001  
Error 24 48.06349 2.002646 

  

 
C. Total 27 116.7778 

   

ALT Model 3 359.6324 119.8775 30.47 <.0001  
Error 24 94.4275 3.934479 

  

 
C. Total 27 454.0599 

   

AST Model 3 1070.507 356.8358 21.06 <.0001  
Error 24 406.5664 16.94027 

  

 
C. Total 27 1477.074 

   

T3 Model 3 1.769554 0.589851 2.96 0.0525  
Error 24 4.782143 0.199256 

  

 
C. Total 27 6.551696 

   

T4 Model 3 396.5164 132.1721 3.77 0.0239  
Error 24 841.3036 35.05432 

  

 
C. Total 27 1237.82 

   

 


