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Mid-Rift Valley of Ethiopia
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Feyisa Hundessa? and Dinaol Belina Kitila®
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University, Dire Dawa, Ethiopia, 2School of Animal and Range Sciences, College of Agriculture and
Environmental Sciences, Haramaya University, Dire Dawa, Ethiopia, *College of Veterinary Medicine,
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Climate change has worsened water salinization and acidification, creating challenges
for animal health and productivity. This study assessed the resilience of indigenous
sheep and goats that drink naturally saline water from Lake Basaka, focusing on their
physiological and biochemical responses as stress indicators under pastoral system
conditions. A cross-sectional study was conducted with a random systematic sample
of 260 healthy local adult sheep and goats from 50 households for this study. The
current finding revealed that physicochemical analysis of Lake Basaka water showed
high salinity, with electrical conductivity at 3,992.53 uS/cm and sodium levels at
1,180.69 mg/L, significantly higher than those in freshwater (64153 pS/cm and
35.28 mg/L, respectively; p < 0.05). The physiological data indicated that goats
and sheep drinking saline water had higher rectal temperatures (39.3°C vs. 39.1°C;
p < 0.05) and pulse rates (85.1 vs. 83.2 beats/min; p < 0.05) compared to animals
drinking freshwater. Hematologic results revealed elevated hemoglobin levels
(1374 g/dL vs. 9.48 g/dL; p < 0.05) and red blood cell counts (1151 x 10%/uL vs.
9.28 x 10%/uL; p < 0.05) in animals consuming saline water. Biochemical profiles
showed decreased glucose (60.07 mg/dL vs. 71.33 mg/dL; p < 0.05) and cholesterol
levels (54.13 mg/dL vs. 64.93 mg/dL; p < 0.05), along with increased urea (75.18 mg/dL
vs. 68.96 mg/dL; p < 0.05) and creatinine (3.48 mg/dL vs. 2.68 mg/dL; p < 0.05).
Although physiological and blood parameters were higher in the saline water group,
most values remained within normal ranges, indicating the animals’ adaptive capacity.
However, prolonged exposure to saline water may impact their long-term
productivity and health. The study recommends further research on seasonal
changes, interspecies resilience, and sustainable water management strategies to
enhance livestock resilience and productivity in dryland regions.
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Introduction

Today, global warming has become a threat to ecosystems
and agriculture through rising heat extremes and shocks,
hydrological fluctuations, and water scarcity (Abbass et al,
2022). These impacts are particularly severe in Africa’s arid
and semi-arid regions, where pastoral systems support the
livelihoods of large populations. Elevated temperatures and
altered rainfall patterns reduce livestock production and
productivity by impairing growth, reproduction, and lactation
(Kochewad et al., 2018). However, small ruminants are well
known for their relative tolerance to adverse environmental
conditions under changing climate scenarios, making them
vital for the pastoral production system (Aboul-Naga et al.,
2021). Their adaptability to extreme environmental conditions
and stress factors, remarkably in the drylands of East Africa, has
been extensively studied (Adeniji et al., 2020; Tulu et al., 2022,
2023; Yirga et al.,, 2024).

However, despite their adaptive capacity to extreme climates
(AL-Ramamneh, 2023; Hussein et al, 2020), their productivity
remains constrained by compounding stressors, including heat
stress, limited forage availability, and worsening water scarcity
and quality (Addisie, 2022; Castro et al, 2019). The availability
and quality of drinking water, particularly in terms of salinity,
significantly impact the health and productivity of small
ruminants, as evidenced by previous research, importance its
detrimental effects on the physiological and biochemical
parameters of livestock species (Castro et al, 2019; Rahardja
et al, 2011; Samira et al, 2016). This issue is particularly
persistent in Ethiopia’s Rift Valley, where a larger number of
pastoralists depend mainly on indigenous sheep and goats for
their livelihoods (Wodajo et al, 2020). In these areas, Lake
Basaka is one of the rapidly expanding (Dinka, 2017a). A water
body that represents a significant water source for livestock drinking,
especially during dry seasons. However, the saline content of this
water could present unique challenges to health and productivity
(Addisie, 2022; Gebremichael et al., 2022; Regassa, 2016). This issue
is critical because water quality in pastoral areas is highly variable,
influenced by seasonal, geographical, and anthropogenic factors, and
thus directly affects the physiological responses of livestock (Abd El-
Hack et al., 2018; Abebe and Kebede, 2017; Abedin et al., 2014;
Akinmoladun et al., 2019).

Despite growing interest, research on Lake Basaka has been
limited in scope. Most prior studies have either examined the
lake’s hydrological dynamics, including its expansion and solute
accumulation (Dinka, 2016; 2016, 2017b; 2020; Dinka et al.,
2014) or conducted controlled laboratory experiments to assess
physiological responses and performance in confined animals
consuming high-TDS water (Abera et al., 2024; Tulu et al., 2022,
2024; Yirga et al, 2018; 2024). While several studies have
investigated the impacts of heat stress and forage quality in
small ruminants, research on the effects of saline water on their
physiological resilience is limited (Tulu et al., 2021, 2022; 2023).
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Consumption of saline water has been shown to influence key
physiological parameters such as hydration status, blood
electrolyte but the
mechanisms that allow Indigenous sheep and goats to cope

chemistry, and balance, adaptive
with saline water are poorly understood (Cardoso et al., 2021;
Mcgregor, 2004) furthermore, although selective breeding for
thermotolerance has been investigated as an option to respond to
environmental stresses (AL-Ramamneh, 2023; Kombat, 2023).

Despite their importance, significant knowledge gaps remain
unaddressed in the study of small ruminants regarding water
scarcity impacts under pastoral systems (Armson et al, 2021;
Solomon et al, 2010). These include the scarcity of in situ
investigations involving free-ranging adult small ruminants
managed under typical pastoral conditions (Al-Khazalleh et al,
2020). Limited data exists on species-specific physiological
responses to the combined stressors of heat and salinity, and
insufficient consideration is given to ecological factors such as
behavioral thermoregulation and microclimatic heterogeneity that
influence stress adaptation in natural environments. The present
study was designed to evaluate the quality of drinking water sources
and to assess the physiological and biochemical responses of
indigenous sheep and goats consuming saline water from Lake
Basaka in the Ethiopian Rift Valley. By investigating these responses,
the study aimed to explain adaptive mechanisms that support
improved water resource management and enhance livestock
resilience under climate change conditions. Specifically, this
research provides innovative contributions to a biologically
effective assessment of thermoregulatory parameters and stress-
related biomarkers, field-based empirical data on the interactive
effects of heat and salinity stress on small ruminant physiology, and
the identification of species-specific resilience traits with potential
application in climate-adaptive breed selection programs. The
findings offer valuable evidence to support improved animal
welfare, productivity, and the sustainability of pastoral systems in
arid and semi-arid regions.

Materials and methods
Study site

The study was carried out in the Fentalle district (Figure 1)
located in the eastern Shewa zone, Oromia National Regional
State, Ethiopia. The district is found in the Great Rift Valley,
193 km from Addis Ababa, and borders the Arsi Zone, Boset
District, Amhara, and Afar National Regional States. The
geographic coordinates of the areas are 8°45' to 9°10' N
latitude and 39°48’to 40°00" E longitude. The predominant
vegetation consists of shrublands and grasslands, which
account for approximately 51.3% and 37.3% of the total area,
respectively (OPADC, 2021; Yohannes, 2011). The area is
distinguished by significant water features such as the Awash
River, Kesem, and Lake Basaka. Pastoralism plays an important
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FIGURE 1
Map of the study area (Fentalle district).

role in the local economy, which is mainly based on livestock and
small-scale mixed farming. However, the district faces challenges
such as scarcity of water, disease and pests, and scarcity of pasture
(Abdinoor, 2014; UNDP, 2020). Basaka Lake is a shallow saline
lake, which has no natural exits and has grown significantly since
the 1960s because of factors such as groundwater discharge, hot
spring inflow, and excess irrigation water entering the lake
through subsurface flows. It has a catchment area of
approximately 500 km?® and receives about 0.28 billion m’ of
rain each year. The lake’s surface area has grown from 3 km? in
the 1960s to about 48.5 km? in 2010 (Dinka, 2012; Dinka et al.,
2015; Eleni, 2009). Lake Basaka serves as a source of drinking
water for cattle, particularly during the dry seasons.

Climate variables

The basic climatic characteristics of the study area (1999-2020)
are summarized in Figure 2. Precipitation displayed a weakly
bimodal distribution, with a mean annual accumulation of
543 mm, predominantly occurring during July and August. Air
temperatures remain elevated throughout the year, with monthly
highs reaching 36.1°C (April-May) and rarely descending below
20°C, except during October-December (Gashaw et al., 2023).

Relative humidity (RH) varies seasonally, climaxing during
the rainy season (July-September) and declining in dry periods.
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During February 2019, a study month characterized by extreme
aridity, maximum and minimum temperatures were 32.5°C and
21.0°C, respectively, yielding a daily mean of 26.75°C. Mean RH
was 36%. These conditions elevated thermal load and evaporative
water loss in livestock, exacerbating physiological stress from
combined heat and water scarcity (Aboul-Naga et al., 2021; Egbe-
Nwiyi T et al., 2000).

The temperature-humidity index (THI) was calculated using
the modified (Marai
et al., 2007):

small ruminant-specific equation

THI = AT - [(0.31 — 0.31 x RH) x (AT - 14.4)]

where AT is the air temperature in degrees Celsius (°C), and RH is
the relative humidity expressed as a fraction. Substituting February’s
values (AT = 26.75°C; RH = 0.36) into the equation yielded a THI of
24.3°C. This value means severe heat stress according to established
livestock thresholds, possibly increasing observed physiological and
biochemical responses in animals consuming saline water under
pastoral management systems.

Study design, study animal, and
sampling technique

A comparative cross-sectional study was conducted to
investigate the physiological effects of chronic consumption of
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The climate of the Fentalle district during the 1990-2020 period. Source: Meteorological data from 1990 to 2019.

saline water from Lake Basaka on small ruminants managed
under a traditional pastoral production system in Fentalle
District, East Shewa Zone, Ethiopia (Figure 3). This district
was purposefully selected due to its proximity to Lake Basaka,
a prominent source of naturally saline water. A multistage
sampling strategy was employed. Initially, 50 households were
selected using systematic random sampling, based on criteria
including ownership of both species, depending on either Lake
Basaka or Awash River as the sole water source, and the presence
of clinically healthy adult female animals. A total of 260 adult
female indigenous small ruminants (130 sheep and 130 goats)
were selected. Of these, 65 sheep and 65 goats consumed saline
water from Lake Basaka, while the remaining 65 sheep and
65 goats consumed freshwater from the Awash River. Only
non-pregnant, non-lactating females with one parity were
included to control for physiological variation and better
represent the demographic structure of pastoral herds, while
males were excluded due to seasonal migration (Jemberu et al.,
2022; Solomon et al., 2010). Animals with known health
disorders, recent medical treatment, or old age were excluded.
All study animals were managed under traditional extensive
grazing systems, traveling 1-4 km daily in search of forage
and water, and primarily grazing on natural pasture
dominated by Chrysopogon plumulosus, followed by different
species of Sporobolus, and in the dry seasons supplemented with
very few agro-industrial by-products from the Metehara Sugar
Factory. Baseline physiological parameters (body temperature,
heart rate, and respiratory rate) and hematological indices were
recorded to establish reference values. A one-month pre-
sampling monitoring period was conducted to ensure
exclusive use of the elected water sources and validate
exposure classification. Informed consent was obtained from
all pastoralists following FAO ethical guidelines for livestock
research in indigenous communities (FAO, 2024).
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FIGURE 3
Sampling procedure of the study animal.

Sample transportation and analysis

Water sample and analysis

The water sampling plastic bottles were labelled and transported
to the sampling site. The bottles were rinsed twice with the water
sampled before being filled with the sample. Water samples were
collected at six sites on the lake’s surface, four at the four corners of
the lake, and two at the central part of the lake and river during the
August season of 2019, and the mean values of the sites were
presented. The same procedure was applied for sampling a water
sample from the drinking water body of the Awash River. The sites
were chosen based on animal water drinking sites and the guidelines
for water analysis. The water sampling and analysis were performed
according to the (APHA, 2005) standard test guidelines (Dinka et al.,
2015) (Table 1). The previous water quality condition of the lake was
referred to from previous studies (Ayenew, 2007; Dinka, 2012) for
comparison purposes.
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Physiological parameters

The animal’s rectal temperature, respiratory rate, and heart
rate were collected for seven consecutive days during the
experimental period, in the morning (8:00 am) before the
animals were released for grazing, and in the afternoon (5:
00 pm), a couple of minutes after the animals were returned
to their corral. Rectal temperatures (RT) were monitored using a
digital clinical thermometer with a temperature range of
32.0°C-43.9°C. The thermometer was placed into each
animal’s rectum, with the bulb in contact with the mucosa,
and held in the rectum until the thermometer made a beep,
indicating temperature stabilisation. The respiratory rate (RR)
and the heart rate (HR) were measured using a flexible
stethoscope at the level of the laryngotracheal region by
counting the number of movements and beats for 20 s and
multiplying the results by 3 to report on a minute time scale
(Mengistu et al., 2007).

Blood collection and analysis

After disinfecting the neck at the jugular vein area with iodine
alcohol, two blood samples (one for hematological analysis and
the other for serum chemistry) were obtained from each animal
from 8:00 am to 10:00 am on two consecutive days to reduce
blood cell damage and hemolysis (Fanta et al, 2024;
Polizopoulou, 2010; Zaher et al, 2022). Immediately after
blood collection, the animals were examined for the presence
of ectoparasites, lymphadenitis, or other types of skin disorders.
Blood was taken in 5 mL vacuum tubes containing 10%
anticoagulant ethylene diamine tetraacetic acid (EDTA) for
hematological examination. The volumetric impedance state
analysis method was wused to determine hematologic
parameters such as hemoglobin, PCV, WBC, RBC, MCYV,
MCH, and MCHC (Jain, 1993). Further blood samples were
taken in 7 mL vacuum tubes containing gel and clot to investigate
biochemical and hormonal parameters. For 15 min, the blood
was spun in a digital centrifuge at 10°C at 2,500 g. The
supernatant was divided into 1.5 mL aliquots for biochemical
and hormonal analyses. The analysis of the blood was performed
the day after collection. The biochemical parameters glucose,
total protein, albumin, triglycerides, cholesterol, urea, creatinine,
aspartate aminotransferase (AST), and alanine aminotransferase
(ALT) were determined using a biochemical analysis apparatus
(VegaSys) with a multiple-wavelength photometer.

Data analysis

All statistical analyses were conducted using SAS software
(version 9.4; SAS Institute Inc., Cary, NC, USA). Data are
presented as least-squares means with their corresponding
standard errors of the mean (SEM). The probability value of
*p* <0.05 was considered statistically significant. Post hoc
comparisons were adjusted using the Tukey-Kramer method
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to control for multiple testing. The experimental design
included two fixed factors: water type (Basaka water
consumers vs. non-consumers) and species (sheep vs. goats).
Due to the longitudinal nature of physiological measurements,
separate statistical models were applied for repeated and single-

time-point outcomes.

Analysis of repeated physiological parameters
The repeated measures were analyzed using a linear mixed-
effects model (LMM) with fixed effects for water type, species,
time of day, and their two-way interactions.
The general linear mixed model for repeated measures was
structured as follows:

Yirk =pu+W;+§+Ty+ (WxS)ij+(WxT)ik+(S><T)jk+sijk

Where: Yjjm: Observed physiological parameter for the mth
animal under the ith water type, jth species, kth time of day, and
Ith day; w: Overall mean; W;: Fixed effect of water type (i =
Basaka, control); S;: Fixed effect of species (j = sheep, goats); Ty:
Fixed effect of time of day (k = morning, afternoon); (W x S);; +
(W x T)y + (S x T)jk +: Two-way interaction terms; €iiim:
Residual error term.

Analysis of blood biochemical parameters

Blood parameters, including hematology and selected serum
biochemistry and electrolytes, were measured once during the
experimental period and analyzed using a two-way factorial
analysis of variance (ANOVA).

The two-way ANOVA model was specified as:

Yijk = H+Wi + SJ + (W X S)lJ +sijk

Where: Yijk: Observed value of the biochemical parameter
for the k-th animal

w: Overall mean; W;: Fixed effect of water type; S;: Fixed effect
of species; (W x S);;: Interaction between water type and species;
gji: Residual error term.

All statistical procedures were implemented in SAS (version
9.4). Repeated-measures analyses were conducted using the
PROC MIXED procedure, specifying the REPEATED
statement for covariance structure selection. Blood parameter
data were analyzed using the PROC GLM procedure, with
LSMEANS and ADJUST = TUKEY options applied for post

hoc pairwise comparisons.

Results and discussion

Physical parameters of drinking
water sources

The physicochemical parameters of animal drinking water
sources revealed significant differences between the Basaka lake
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TABLE 1 Methods adopted for water quality analysis (Dinka et al.,
2015).

Quality parameters Symbol  Method used

pH pH Potentiometric (1:2.5 H,O v/v)
Electrical Conductivity EC Conductometry (1:2.5 H,O v/v)
Calcium Ca™* EDTA titrimetric

Magnesium Mg** EDTA titrimetric

Sodium Na* Flame photometric

Potassium K+ Flame photometric

Chloride Cl” Titration

Carbonate CO; Titration

Bicarbonate HCO; Titration (with H,SO,)

water and the freshwater, highlighting potential implications for
animal health and productivity (Table 2). The pH of Lake Basaka
water was significantly higher (p < 0.05) than that of freshwater
across all sampling periods, with mean values of 9.52 + 0.05,
compared to 7.65 + 0.05 for freshwater. In agreement with earlier
studies that reported average pH values of 8.55 (Melese and
Debella, 2023), 9.30 (Tenagashaw and Tamirat, 2022), and 9.16
(Yirga et al,, 2019). These values exceed the recommended range
of 6.5-8.5 for livestock drinking water. Alkaline, poor-quality
water with a pH greater than 9 has negative impacts on digestion,
water and feed intake, and altered feed conversion efficiency
(Cervantes et al., 2024; Higgins et al., 2000). Prolonged exposure
can also result in metabolic alkalosis, B vitamin deficiencies, and
symptoms similar to moderate acidosis (Cardoso et al., 2021;
Mcgregor, 2004). The high pH observed in Basaka lake water,
particularly during the dry season, highlights the need to monitor
and mitigate pH imbalances to protect the wellbeing of livestock,
especially young and growing animals.

The electrical conductivity (EC) of Lake Basaka water was
significantly higher (p < 0.05) than that of freshwater throughout
the measurement period, with mean values of 3,992.53 +
3728 uS/cm, compared to 641.53 + 1920 pS/cm for
freshwater. Elevated EC reflects increased levels of dissolved
ionic solutes, which serve as a substitute for salinity. Previous
studies have reported EC values for Basaka lake water that range
from 1,407 to 3,321 pS/cm (Umer et al., 2020) and up to 2.72 mS/
cm (Melese and Debella, 2023), and 2,978 us/cm (Tenagashaw
and Tamirat, 2022). Water with an EC below 5,800 pS/cm is
considered safe for most livestock species (ANZG, 2023; DPIRD,
2024; Emon, 2018; NSW, 2014). However, prolonged exposure to
higher levels of EC, particularly during the dry season, can
adversely affect livestock productivity. The elevated EC values
observed in Lake Basaka are likely attributable to runoff,
pollutants, and natural evaporation processes that concentrate
dissolved salts in the lake. These findings underline the
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importance of addressing salinity concerns to mitigate the
impact on livestock health and productivity.

Total dissolved solids (TDS) concentrations further support
the increased salinity of Lake Basaka compared to freshwater
sources. In this study, mean TDS levels were 2,728.00 + 25.06 mg/
L, significantly higher than freshwater at 430.33 + 16.33 mg/L.
Although these concentrations remain below the maximum
tolerable limits established for most livestock species, typically
between 3,000 mg/L (Emon, 2018; Meehan et al., 2021) and
4,000-5,000 mg/L (DPIRD, 2024; NSW, 2014), which indicates
moderate salinity stress with potential impacts under unfavorable
exposure. These results align with previous reports of TDS in
Lake Basaka, ranging from 2,304.5 mg/L in the dry season to
840.3 mg/L in the wet season (Umer et al., 2019), demonstrating
seasonal variability. Elevated TDS reduces water palatability,
which can decrease water intake and impair livestock
productivity. This issue is exacerbated in semi-arid regions
where limited freshwater availability increases reliance on
saline sources. The persistent salinity is primarily driven by
the area’s hydrogeological and climatic factors, including high
evaporation, low freshwater input, and solute accumulation,
posing long-term risks to livestock health and agricultural
sustainability.

The chemical composition of Lake Basaka water also reflects
elevated levels of some key minerals, including sodium, potassium,
chloride, carbonate, and bicarbonate, compared to freshwater.
Sodium concentrations reached 1,180.69 mg/L, far exceeding the
recommended limit of 300 mg/L for livestock drinking water (Davis,
2016; Higgins et al., 2000). Similarly, potassium and chloride levels
were significantly higher than tolerable thresholds. Chloride levels
exceeding 300 mg/L impart a salty taste and have the potential to
reduce water intake (Davis, 2016; Higgins et al, 2000). Excess
chloride intake has also been linked to changes in rumen
function and reduced milk production. The combined impact of
these high concentrations of minerals poses considerable challenges
for livestock in the study area. Long-term consumption of mineral-
rich saline water is particularly challenging for animals in dry and
semi-dry areas, where the quality and quantity of feed are already a
stress for livestock (Cardoso et al., 2021; Hussein et al., 2022;
Mcgregor, 2004). Short-term exposure to water above the
recommended limits may not immediately affect growth or
reproduction; however, long-term consumption can lead to
chronic health problems and reduced productivity (Cervantes
et al,, 2024). These findings emphasise the need for regular water
quality monitoring and the implementation of mitigation strategies
to ensure sustainable livestock management (Capar et al., 2020) in
areas dependent on natural saline water sources.

Physiological parameters

The physiological responses of sheep and goats to different
water sources and diurnal variations are presented in Table 3.
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TABLE 2 Chemical composition of Lake Basaka and freshwater samples (mean + SEM).

Parameters Fresh water (FW) Lake Basaka (BL) water Upper limits for small ruminants*
pH 7.65 + 0.05 9.52 + 0.05 8.5
EC 641.53 + 19.2 3,992.53 + 37.28 6,000
TDS 430.33 £ 16.33 2,728.00 + 25.06 3,000
Calcium (Ca") 1.20 £ 0.01 4.97 £ 0.05 1,000
Magnesium (Mgz*’ 1.72 £ 0.01 1.59 + 0.04 200
Sodium (Na*) 3528 + 0.35 1,180.69 + 14.73 400
Potassium (K*) 15.38 + 0.25 61.38 + 0.04 20
Chloride (Cl) 12211 + 149 506.44 * 1.06 1,500
Carbonate (CO5*) 31.17 £ 0.69 258.80 + 5.89 —
Bicarbonate (HCO;” 6233 + 1.38 1,124.60 + 0.46 1,000

All are expressed in units of mg LY except electric conductivity (pScm"); * (AGRI-FACTS, 2007; Andrew A. olkowski, 2009; Crooks, 2020; DPIRD, 2024).

The finding revealed that, animals drinking saline Lake Basaka
water showed significantly higher rectal temperature (RT:
39.3°C = 0.04°C vs. 39.1°C = 0.04°C) and pulse rate (PR:
85.1 + 0.39 vs. 83.2 = 0.39 beats/min) compared to those on
freshwater (p < 0.05), while respiration rate (RR) remained
unaffected. Diurnal changes were marked, with afternoon
values significantly higher than morning for RT, RR, and PR
(p < 0.05). The higher RT may result from increased heat
production during mineral excretion via urine (Thiet et al,
2022), greater energy use for mineral absorption and excretion
(Mdletshe et al., 2017; Tsukahara et al., 2016), or the impacts of
increasing Temperature-Humidity Index (THI) during daytime
in this study. A significant species x water interaction (p < 0.05)
showed that sheep had the highest physiological responses on
saline water (RT: 39.4°C * 0.04°C; PR: 85.4 * 0.39 beats/min),
while goats revealed lower values (RT: 38.9°C + 0.04°C; PR: 82.9 +
0.39 beats/min). Although the values in this study were
significantly different, they remained within the normal range
for the species (Li et al., 2021; Reece and Prater, 2015). Sheep’s
higher water intake may be due to their evaporative cooling
mechanisms, as they pant more frequently than goats. Another
reason sheep require more water for thermoregulation is their
longer fleece, which increases endogenous heat production (AL-
Ramamneh, 2023). The absence of an influence on RR in the
current study, along with values within the normal range,
indicates that these breeds of sheep and goats, which are ideal
for tropical conditions, were tolerant to drinking saline water,
and their thermoregulation was not significantly compromised
(Adeniji et al,, 2020). Previous studies by Yirga et al. (2024) found
no significant effects of water salinity on respiratory rate (RR),
rectal temperature (RT), and pulse rate (PR) in Blackhead
Ogaden sheep and Somali goats. This underscores the
variability in physiological responses to saline water among
different animal breeds. These findings are consistent with

Pastoralism: Research, Policy and Practice

07

previous studies (Abera et al, 2024; Nguyen et al, 2024;
Rahardja et al, 2011; Yirga et al, 2024), all of which
contributed to a growing body of evidence regarding the
physiological adaptations of these animals in response to
varying saline water and availability.

The different physiological responses can be attributed to a
variety of factors, including species differences, age, adaptability
to water stress, and the nutritional status of grazing animals
(Mane et al., 2022; Mdletshe et al., 2017; Nguyen et al.,, 2024).
Increased levels of rectal temperature (RT), respiratory rate (RR),
and pulse rate (PR) in grazing sheep and goats can be associated
with environmental factors such as high ambient temperatures
and physical stress from grazing and movement. Increased
physiological parameters do not necessarily indicate heat
stress, as effective thermoregulation can help maintain
homeostasis. For example, Gupta et al. (2013) found that
goats exposed to high temperatures for 6 hours showed an
increase in rectal temperature from 38.97°C to 39.35°C and in
respiratory rate from 43.66 to 77.33 breaths per minute.
Similarly, Sejian et al. (2017) reported significant increases in
these parameters in sheep during a 14 km daily grazing routine
under walking stress. Since water quality affected the
physiological parameters in the present study, implementing
measures to decrease water-related stress, such as improving
the drinking water quality and monitoring grazing patterns,
could increase livestock productivity and welfare.

Hematology profile

The hematology profiles of sheep and goats that consumed
different water sources were evaluated, and the results are
presented in Table 4. Sheep and goats consuming saline Lake
Basaka (LB) water exhibited significantly higher (P < 0.05)
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TABLE 3 Physiological parameters of goats and sheep that drank Lake Basaka or freshwater.

Variables Water types Species P-value

LB FW Goat WT Time
RT (°C) 39.3° 39.1° 38.5" 39.8° 38.9° 39.4° 0.04 e ot b *
RR (mov/min) 34.6 35.0 29.3° 40.3° 30.4° 39.2¢ 0.43 ns e e e
PR (beat/min) 85.1* 83.2" 81.5" 86.8" 82.9" 85.4° 0.39 b e o el

*® means within the row bearing different superscript letters differs significantly (** = p < 0.05); RR, Respiration Rate; RT, Rectal temperature, PR, Pulse Rate; LB, Lake Basaka; FW, Fresh
water; AM, Morning; PM, Afternoon; WT, Water types; Spp, Species; ns, nonsignificant; SEM, Standard error of the mean.

hemoglobin (Hb: 13.74 vs. 9.48 g/dL) and red blood cell counts
(RBC: 11.51 vs. 9.28 x10%/mL) compared to freshwater (FW). A
significant species effect was observed for RBC count (P < 0.05),
with sheep (11.13 x 10%/pL) recorded as higher than goats (9.65 x
10°/uL), suggesting that sheep may have a healthier
erythropoietic response to osmotic stress. The elevated values
of Hb and RBC in animals consuming Lake Basaka water could
be explained by the higher levels of salt in the drinking water,
which is likely to induce hemoconcentration. This phenomenon
may occur due to dehydration or fluid loss associated with the
osmotic effects of high sodium chloride (NaCl) content in the
water, particularly under arid conditions (Egbe-Nwiyi T et al,,
2000; Hussein et al., 2022). Moreover, the erythrocyte indices,
mean corpuscular hemoglobin (MCH) and mean corpuscular
hemoglobin concentration (MCHC), also showed significant
differences between water types, with higher values observed
in sheep and goat consuming Lake Basaka water (MCH: 12.26 vs.
9.08 pg; MCHC: 37.39 vs. 26.72 g/dL) compared to those in
freshwater (FW). Increased MCH and MCHC values are
revealing of a compensatory hematological response to the
osmotic imbalance and potential chronic dehydration caused
by high salt intake, which leads to hemoconcentration and an
increase in red blood cell density and hemoglobin content,
suggesting an adaptive response to hyperosmolar and
hypovolemic conditions (Antunovi¢ et al., 2022; Barsila et al.,
2020). However, other hematological parameters, including
packed cell volume (PCV), white blood cell count (WBC), and
(MCV), showed
variations between water sources or species. A related study
was reported by Abera et al. (2024), and Yirga et al. (2024)
observed that Blackhead Ogaden sheep and Somali goats exposed
to different total dissolved solids (TDS) levels have varied
hematological parameters

mean corpuscular volume insignificant

under controlled experimental
conditions. These compare and contrasting results in with a
previous study, indicating that species, breed, exposure time, and
water composition significantly influence hematological
parameters of animals exposed to saline water. Despite these
variations, all measured haematological parameters remained
within their respective normal ranges between species and
water sources (Fanta et al., 2024; Mane et al., 2022; Tschuor

et al., 2008). This indicates that sheep and goats can adapt to
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saline water without immediate negative effects. However, the
long-term health impacts of saline water intake require further
study to understand the mechanisms involved and guide effective
livestock management. This research is essential for maintaining
the health and productivity of small ruminants in areas reliant on
saline water for drinking.

Biochemical profile

Glucose and cholesterol levels

Blood biochemical profile results revealed a significant
reduction in blood glucose concentrations in both goats and
sheep consuming Lake Basaka water (Table 5). The decline can
be related to decreased feed intake and nutrient absorption, and
metabolic adaptations to salty conditions (Abbas et al., 2020).
This is also reported in studies on feed consumption under high
saline water consumption (Yirga et al., 2024). Saline stress can
affect insulin secretion and glucose metabolism. The present
findings are consistent with previous research indicating that
saline water intake reduces blood glucose concentrations in
ruminants (Albuquerque et al., 2020; Costa et al, 2021;
Hussein et al., 2022). The reduced blood cholesterol levels
observed in saline drinkers could indicate an alteration in
lipid metabolism, likely due to changes in feeding behaviour
or nutrient availability under saline stress (Patra et al., 2024).

Urea and creatinine concentrations
exhibited higher
concentrations of urea and creatinine (Table 5), suggesting

Saline water drinkers significantly
altered renal function, probably due to an increased renal load
due to higher water intake and the possible osmotic effect of salt.
The increased concentrations of urea in saline drinkers could be
attributed to increased protein catabolism or increased protein
intake, compounded by the dehydration stress imposed by high
salt consumption. Interestingly, urea metabolism differed by
species, with goats exhibiting higher urea levels than sheep, a
finding that may reflect species-specific differences in salt
tolerance and renal filtration capacity (Ghanem et al., 2018).
Such variations have previously been documented in studies

examining the effects of saline water on ruminant physiology
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TABLE 4 Haematology of sheep and goats consuming both Lake Basaka and freshwater.

Variables Water types Species Normal range
LB FW Goat Sheep Goat Sheep
Hb (g/dL) 13.74° 9.48 11.53 11.69 032 o 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 (x10°/ml) 11.51° 9.28" 9.65" 11.13° 0.21 o o ns 8-18 9-15
WBC (x10*/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 3343 0.42 ns ns o 6-25 28-40
MCH (pg) 12.26" 9.08° 10.90 10.44 026 > ns ** 5-8 8-12
MCHC (g/dL) 37.39° 26.72° 3244 31.67 0.77 o ns ns 30-36 31-34

** Show a significant difference (P < 0.05) between Lake Basaka water drinkers and freshwater 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 corpuscular hemoglobin and MCHC, mean corpuscular hemoglobin concentration; SEM, standard error of

means; LB,Lake Basaka; FW, fresh water; SL, Significant level; ns, nonsignificant.

TABLE 5 Blood biochemicals of sheep and goats that drank Lake Basaka

or fresh water.

Parameters Water types Species
BL Goat

Glucose (mg/dL) 60.07° 71.33% 68.07 63.33 2.09 o ns Ns
TP (g/dL) 6.62 7.11 7.01 6.71 0.20 Ns ns Ns
Albumin (mg/dL) 3.95 324 417 3.02 0.60 Ns ns Ns
Urea (mg/dL) 75.18" 68.96 74.42° 69.72° 1.81 * ns o
Cholesterol (mg/dL) 54.13" 64.93" 61.20 57.87 2.56 * ns ns
Creatinine (mg/dL) 3.48* 2.68° 3.13 3.03 0.25 * ns ns
Na* (mmol/L) 136.07¢ 126.44° 138.10° 124.41° 1.92 o e o
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
Mg** (mmol/L) 2.73 2.79 2.70 2.82 0.13 Ns ns ns
AST (U/L) 92.17 80.93 97.57* 75.54" 7.55 Ns * ns
ALT (U/L) 34.44° 53.59* 47.33 40.69 2.76 b ns il

*Show a significant difference (*P < 0.05) between Lake Basaka water drinkers and nondrinkers within species. TP, Total Protein; Na, sodium; Cl, Chlorine; K, Potassium; Mg, Magnesium;

AST, aspartate aminotransferase; ALT, alanine aminotransferase; SL, Significant level; ns, nonsignificant.

(Zoidis and Hadjigeorgiou, 2017; Nguyen et al., 2024). Elevated
creatinine levels could indicate kidney stress or subclinical renal
dysfunction, a phenomenon frequently associated with

prolonged exposure to saline environments (Patra et al.,, 2024).

Serum minerals and enzyme activity

Except for sodium (Na*), no statistically significant
(p > 0.05) were recorded in the
of chloride (Cl"), potassium (K*),
magnesium (Mg*") across different water types, animal
species, or their interactions (Table 5). Serum sodium (Na+)

differences serum

concentrations or
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levels were significantly higher in animals that consumed Lake
Basaka water (136.07 vs. 126.44 mmol/L, p < 0.05). This increase
in blood sodium levels is expected, as the water from Lake Basaka
contains higher concentrations of sodium chloride (NaCl), which
is absorbed and retained by the body. Prolonged exposure to high
sodium levels can disrupt homeostasis and put pressure on the
kidney system as it attempts to maintain electrolyte balance.
Significant differences observed in sodium levels between species,
with goats consistently showing higher values than sheep
(138.10 vs. 124.41 mmol/L, p < 0.05), could indicate species-
specific adaptations to saline environments, and goats possibly
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possess a higher tolerance to sodium than sheep. This finding
aligns with the observations of Zoidis and Hadjigeorgiou (2017)
and Nguyen et al. (2024), Who also noted higher serum sodium
concentrations in goats exposed to saline conditions.

Liver function, assessed through serum transaminase
activity, showed significant variation based on water sources
in animals (Table 5). Higher alanine aminotransferase (ALT)
levels were observed in sheep and goats drinking saline water
(53.59 U/L) compared to controls with freshwater (34.44 U/L; p <
0.05), indicating hepatocellular stress. This response is primarily
due to hypernatremia-induced oxidative damage that damages
membrane integrity and allows cytoplasmic enzyme leakage
(Albuquerque et al., 2020; Paiva et al, 2017; Reneu et al,
2020). It is also driven by increased metabolic demand for
maintaining homeostasis, requiring enhanced transaminase-
mediated amino acid catabolism (Aboul-Naga et al, 2021;
Chedid et al, 2014; Ranganatha, 2022). The significant
species x water interaction (p < 0.05) demonstrates different
adaptive capacities, with goats showing higher ALT activity
(47.33 U/L vs. sheep: 40.69 U/L), likely due to higher
metabolic rates and greater hepatocellular enzyme expression
(AL-Ramamneh, 2023; Kaliber et al., 2016; Silanikove, 2000). In
contrast, aspartate aminotransferase (AST) remained unaffected
by salinity (92.17 U/L vs. 80.93 U/L; p > 0.05), though it was
higher in goats (97.57 U/L vs. sheep: 75.54 U/L; p < 0.05). This
difference stems from AST’s main role in mitochondrial energy
metabolism (malate-aspartate shuttle) rather than in signaling
cytoplasmic damage (Jerry Kaneko et al, 2008). The specific
change in goat AST might reflect homeostatic adjustments of
gluconeogenic pathways under osmotic stress without
histological signs of necrosis, aligning with adaptive responses
noted during thermal and saline challenges (Nguyen et al., 2024;
Thiet et al, 2022). In this study, there was no significant
difference between water types regarding ALT, which could
suggest that the liver’s ability to manage saline-induced stress

does not significantly impair salt regulation capability.

Other biochemical parameters

There were no significant differences in mean for total protein,
albumin, potassium, magnesium, and chloride levels between water
types, indicating that these parameters are less affected by the salinity
of the water. The current study was in agreement with studies
conducted on sheep and goat exposed to water stress conditions in
tropical regions (Zoidis and Hadjigeorgiou, 2017; Cardoso et al.,
2021; Nguyen et al., 2024; Patra et al., 2024). This stability in protein
and electrolyte concentrations implies that while renal and
metabolic performance varies, as demonstrated by urea and
creatinine levels, the overall balance of protein and minerals in
the animal’s body remains normal. These findings show that the
nutritional condition and electrolyte balance of the animals are
preserved even when they consume saline water and suggest that
local sheep and goat breeds may be able to better withstand drinking
saline water.

Pastoralism: Research, Policy and Practice

10

10.3389/past.2025.14829

Conclusion and future directions

This study examined the physiological and biochemical
profile of indigenous sheep and goats in Ethiopia’s Mid-Rift
Valley subjected to naturally saline water intake from Lake
Basaka under the pastoral production system. Despite
exposure to markedly elevated salinity parameters electrical
conductivity  (3,992.53 uS/cm), sodium concentration
(1,180.69 mg/L), alkaline pH (9.52), and total dissolved solids
(2,728 mg/L), which exceed established livestock safety
thresholds, these

physiological homeostasis within species-specific standardizing

small ruminants maintained basic
limits. Noteworthy responses to salinity stress included uncertain
increases in rectal temperature (+0.2°C) and pulse rate

(+1.9 beats/min), alongside hematological adaptations such as

increased hemoglobin concentration (+4.26 g/dL) and
erythrocyte  counts  (+2.23  x  10%pL),  revealing
hemoconcentration. Biochemically, saline water exposure

corresponded with significant reductions in circulating glucose
(-11.26 mg/dL) and cholesterol (-10.8 mg/dL), along with
higher urea (+6.22 mg/dL) and creatinine (+0.8 mg/dL),
indicating metabolic alarms and increased renal toxic load. A
relative study revealed that goats have higher thermoregulatory
capacity and homeostasis relative to sheep, indicating
interspecies variation in adaptive resilience.

These findings emphasize the tolerance of indigenous small
ruminants to osmotic and electrolyte challenges, yet they also
expose potential subclinical risks that could compromise long-
term health and production under critical saline exposure.
Therefore, sustainable livestock management in a saline-prone
environment requires an integrated, multidisciplinary approach.
Strategies should

management,

encompass enhanced water resource

incorporating rainwater harvesting, aquifer
recharge, and cost-effective desalination techniques such as
solar  distillation, alongside systematic ~water quality
observation. Selective keeping of salt-tolerant species like
goats, supported by rotational grazing regimes to optimize
freshwater access and nutritional interventions involving
with feeds

micronutrients (phosphorus, vitamin D), are essential to

supplementation energy-dense and critical
mitigate metabolic and renal dysfunction. Routine health
assessments, including biochemical monitoring, are essential
to detect early renal impairment and prevent permanent

organ harm, thereby maintaining herd productivity and welfare.

Future research

To improve the understanding and management of saline
water impacts on livestock, continuous studies will be required to
determine effects on productive and reproductive performance,
growth, and carcass quality across different livestock species,
breeds, sexes, age groups, and physiological states, under
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different seasonal and environmental conditions. Genomic and
molecular investigations will identify genes associated with
salinity tolerance could inform targeted breeding programs to
enhance adaptive resilience. Furthermore, comprehensive water
quality analyses from all available drinking sources across
seasons should be prioritized to establish baseline data and
guide sustainable water resource management strategies.
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