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Abstract
The present investigation was aimed to search out the sodium level in soil, forages and blood
samples of the small ruminants (goat and sheep) of three districts of Punjab, Pakistan. Most forage
and soil samples were found deficient in sodium contents. The lower level of Na was found in soil
as well as in forages of three districts (Sargodha, Mianwali, Bhakkar). Most of the forage samples
are so deficient in Na contents that they fall much below the critical levels known to be adequate
for normal ruminant requirements. Significantly decreased (p<0.05) level of sodium content was
observed in soil, forages as well as blood samples. The existing mineral deficiency problems might
be due to the animal are fed on forages that are deficient in sodium Content due to sandy soils in
that particular site, where leaching of nutrients is a major problem. So, the consumption of
materials with an appropriate dose of minerals mix is recommended for proper growth and
reproduction of animals of commercial values.
Keywords: Blood; Forage, Goat; Pakistan; Plasma; Sheep; Sodium
forage and other than forage is water and soil
Introduction
The quantities, as well as the quality of
from which animal obtain minerals [1].
forages, improve the health, growth and
Mineral status of soil and hence forages
productivity rate of livestock and have a
defined the status of grazing livestock in that
better effect on livestock and human health.
area, as well as many other animal factors,
The source of mineral for grazing livestock is
play an important role [2, 3]. The deficiency
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or excess of particular minerals is due to a
diet of ruminants which indicate the level of
mineral concentration of serum consistently
higher or below the normal concentration [4].
Impaired
reproduction
in
livestock,
infertility, tetany, and bone abnormalities are
caused by mineral deficiency and mineral
imbalance in soil and forage [5].
Nutritional requirement for reproduction and
growth of plants are essential like animals [6,
7]. If insufficient minerals are present in the
soil, then plants react either by reducing the
concentration of minerals in their tissues or
reducing the plant growth [8-10]. The level of
minerals in the plant is affected by the level
of mineral in soil and exerts its importance
through the mineral impact on soil pH, which
can increase or limit the ability of plants to
integrate minerals in their tissues [11].
Sodium is one of the most intensely
researched ion in plant biology and has
gained an attention for its toxic qualities.
However, sodium is beneficial mineral for
many plants at lower level but not required
for plant growth [12]. Plants can be grouped
on the basis of soil type and on the basis of
their sodium uptake. Halophytes are grown in
saline soil and can tolerate sodium content in
the soil. Natrophiles are salt-loving plants
and grow best in saline soil, whereas
natrophobes are salt-hating plants with as low
as 2 g/kg sodium content. Classification of
forages on the basis of sodium accumulation
is not clear [13].
Sodium is very important extracellular cation
in animals and performs many key functions
in animal metabolisms such as nutrient
absorption and transport, muscles movement,
in the central nervous system, electrolyte and
water balance [14]. It was observed that in
Kentucky mostly animal breeders like beef
cattle producers ensure complete mineral mix
to their herds. Same diet pattern including
minerals mix was observed by the grazing
systems researchers at the Forage Systems
Research Center of the University of

Missouri in Linneus. Complete mineral
mixtures not only act as bloat preventing
agents but also provide macronutrients and
micronutrients and serve as larvacides,
rumen modifiers (e.g., monensin, lasalocid
etc.) Cattle have senses like humans to
discriminate between different taste like salt,
sweet, sour and bitter tastes due to the
presence of taste buds. They are very
selective and if given the opportunity,
consume forage with more salt needed for
their physiological processes [15]. This study
was carried out (1) to examine the sodium
level in soil, forages and blood samples of the
small ruminants (goat and sheep), (2) to
determine the bioconcentration factor of
sodium and (3) to appraise the pollution
severity of soil due to sodium.
Materials and methods
Study site
The presents study was conducted in
different districts of Punjab such as
Sargodha, Mianwali and Bhakkar (Figure 1).
Three sites from each district were chosen for
the collection of different samples of soil,
forages and blood of animals (goat and
sheep).
Sargodha, an important district of Punjab, is
situated 172 km northwest from Lahore,
Pakistan. Sargodha comprises of different
industries and center of agricultural trade.
Different interchanges connect it at various
locations. Plain, fertile lands, small hills and
cold and hot weather are characteristics of
Sargodha. The temperature in winter
recorded as low as freezing point and the
summer the maximum up to 50 °C (122 °F).
In the 16th century a local saint, Mian Ali
derives the name of the city as Mianwali
located near the bank of Indus. Mianwali
positioned between 71-08º to 71-57º East
longitudes and 32-10º to 33-15º North
latitudes. The annual maximum temperature
recorded as 47oC and the minimum
temperature recorded as 19 °C. The
maximum rainfall occurs in the month of July
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oly mostly the area is arid or semi-arid. Some
important crops such as mung, mash, verin,
barley, Eruca, fennel, wheat, oat, mustard,
and pea nut etc. are cultivated in this area.
Soil is sandy, clay and loamy in this district.
In Pakistan, after slicing of Mianwali area a
new district named as Bhakkar in 1982 was
established. It is located at the left side of the
bank of Indus River and at an altitude of 159
m. Between Chenab and Indus river district
Bhakkar is situated. It is located in deserted
plains of Thal desert and consists of a riverine
tract along the Indus, called Kaccha. It
consisted of sandy land and of semirectangular shape. Bhakkar district occupies
8153 km total area.
Samples collection
Soil, forages and blood samples (10 each)
were collected randomly from each site. Ten
samples of each were combined and make
three composite samples.
Soil
For a collection of soil samples, three
different sites were selected in three districts
(Sargodha, Mianwali and Bhakhar). Soil
layers about 12-15cm were dug up with the
help of stainless-steel auger [16]. From each
investigated site ten samples were obtained
from three districts, stored in a plastic bag.
Forage
Forages were also collected from these sites
which were selected for soil sampling by
mean of sterilized apparatus. Only these
forages species were collected which were
commonly used for feed of the small
ruminants (sheep and goat). Forage species
which were selected as samples include Bajra
(Pennisetum glaucum), Barsem (Trifolium
alexandrinum) and Oat (Avena sativa). Ten
samples of these forages were taken from
three sites of three districts. Distilled water
was used to eliminate impurities and HCl.
Samples were dried to remove moisture
content were placed in sunlight.

Blood plasma
Blood samples of goat and sheep were
collected from the Bhakkar, Mianwali, and
Sargodha in 2016. Goat and sheep of one year
old were selected for sampling. Each district
divided into three sites. Five goats of each
site were selected, and data were pooled into
one mean value. From jugular vein sample of
blood was collected through the needle of the
syringe which was firstly sterilized. The
vacuum was created into evacuated tubes or
to avoid from clotting were retained in the
heparinized Na-citrate voiles rapidly. At
3000 rpm blood was centrifuged 15 min and
blood plasma, stored in polyethylene tubes
and frozen at -20 oC.
Sample preparation
Soil and forage samples
Soil and forage samples were air dried and
then oven dried at 72oC until no moisture
content remained then removed from oven
and the weight of samples were done by using
the electric balance. Samples were digested
by standard procedure [17]. 1g sample, 10
mL nitric acid was taken in a beaker and
placed it overnight. Next day samples were
digested on a hot plate, H2O2 was also added
drop by drop until a colorless solution
appeared. Then removed from the hot plate
and placed it for cooling and then distil water
was added up to 50 mL and filtered through
Whatman filter paper of 42 µm size, stored
for further process.
Blood plasma
Blood samples of goats and sheep collected
from three districts were frozen at -20 oC.
Blood samples removed from freezer and
samples of blood were digested by the same
procedure [17].
Digestion
One mL of blood samples (goat and sheep)
was taken for digestion and mixed in 10 mL
HNO3 and placed it overnight. Samples were
put on a hot plate and H2O2 added drop by
drop and fumes get evaporated. The process
remains continued until the colorless solution
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appeared. Samples were digested and
removed from the digestion chamber and left
the solution for cooling. Distilled water was
added to make its volume up to 50 mL and
then the solution was filtered through
Whatman filter paper 42 µm size and stored
in plastic bottles till analysis.
Sodium analysis
Sodium content in soil, forage and blood
samples of goat and sheep was determined by
Flame photometer [18].
Quality control
Precision and accurateness of analyses were
assured through repetitive samples against
National Institute of Standard Technology,
Standard reference material (SRM 2709 for
soil, SRM 1570 for forages and SRM 955c
for animal blood) for sodium. The results
were found within ±2% of the certified value.
Statistical analysis
SPSS 22 software was used for ANOVA and
to find out the mean values of metals and the
relationship between metals of soil and
forages correlation coefficient was used at
significance level 0.05 [19].
Pollution load index
The pollution load index (PLI) was used to
measure the contamination of metals in
investigated soil following the method of Liu
et al. [20].
PLI= Metal contamination in soil ⁄ Reference
metal value in soil
Bioconcentration factor
Bioconcentration factor (BCF) was used to
assess the content of metals in soil-forages
and forage-ruminants blood in (mg/kg)
following Cui et al. [21].
BCF= Metals contents in forages/ Metals
contents in soil
BCF= Metals contents in blood / Metals
contents in forage.
Results
Soil
The results from ANOVA showed a nonsignificant effect (p<0.05) of sodium in soil
collected from different sites of three districts

(Table 1). In district Sargodha, the mean
sodium concentrations in the soil which were
used for cultivation of forages were between
73.54-80.97 mg/kg. In Mianwali, the mean
sodium concentrations in soil were between
76.5-78.74 mg/kg. In Bhakkar, the mean
sodium concentrations were between 53.6263.58 mg/kg (Figure 2).
Forages
The results from ANOVA showed a nonsignificant effect (p<0.05) of sodium in
forages collected from different sites of three
districts (Table 1). In district Sargodha, the
mean sodium contents in forages used for
feeding purpose were between 59.6-76.34
mg/kg. In Mianwali, the mean sodium
contents in forages were between 67.4469.22 mg/kg. In Bhakkar, the mean sodium
contents were between 58.84-70.41 mg/kg
(Figure 3).
Blood of goat
The results depicted a non-significant effect
(p<0.05) of sodium in blood samples of goats
collected from different sites of three districts
(Table 1). In district Sargodha, the mean
sodium contents in blood samples of goats
which consumed the contaminated forages
were between 51.36-60.44 mmol/L. In
Mianwali, the mean sodium contents in the
blood plasma of goats were between 56.7861.06 mmol/kg. In Bhakkar, the mean
sodium contents were between 75.46-87.76
mmol/L (Figure 4).
Blood of sheep
The results revealed a non-significant effect
(p<0.05) of sodium in blood samples of sheep
collected from different sites of three districts
(Table 1). In district Sargodha, the mean
sodium contents in the blood plasma of sheep
which consumed the contaminated forages
were between 58.16-61.72 mmol/L. In
Mianwali, the mean sodium contents in the
blood plasma of sheep were between 51.461.69 mmol/L. In Bhakkar, the mean sodium
contents were between 41.33-49.99 mmol/L
(Figure 5).
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similar range. Long term mineral deficiencies
for animals in worldwide developing
countries are highly affected by sodium such
as Nigeria [25]. In contrast to these results,
Khan et al. [11] also observed a high amount
of sodium content in soil of another range in
Punjab, Pakistan. Mineral status of plants
defined the mineral status of animals of that
area depending on soil types of the area [26].
It is suggested that sodium containing
fertilizer should be used to increase the
sodium content of the soil which is deficient
in sodium content. The sodium content in soil
varied in different pastures. The soils in
Mianwali and Bhakar districts are deep sandy
soils and nutrients quickly leached beyond
the root zone of forage plants.
Sodium contents in soils did not differ
significantly (p<0.05) between different sites
of three districts. Similar results were
observed by Khan et al. [11, 27] while
working in other pastures of the same district.
Most of the forages analyzed contained
minerals below the critical levels (0.08%) for
ruminant requirements [28, 29]. The pastures
contained the lowest forage Na levels, while
variations among different pastures were
found (p>0.05) to be non-significant as
reported by Khan et al. [30].
To cope with the Na deficiency among
grazing ruminant supplementation is needed.
Some earlier findings [31] also show that
sodium deficiency is one of the most
prevalent mineral deficiencies for grazing
animals in developing countries like Nigeria
[25], Colombia [32] and Pakistan [11, 30]. To
meet the demand of ruminant, forage should
be added more than 0.15 % Na content on dry
matter basis [33].
Sodium contents in forages were below the
recommended levels for good animal growth
and production. For this purpose, Na intake
of 0.87 g/kg was recommended to maintain
an adequate sodium and K ratio in the parotid
saliva of goat and sheep [34].

Correlation
The relationship between mineral contents
was established [22]. A perfect negative
correlation was observed in the soil to forage,
soil to blood and positive correlation of
sodium was studied in forages to the blood of
the goat and forage to the blood of sheep
samples in Sargodha.
A perfect positive correlation was observed
in the soil to forage, soil to blood and forages
tothe blood of the goat and high negative
were observed the sodium interrelation
among soil and blood of sheep and between
forage and serum of sheep in Mianwali
samples. A perfect positive correlation was
observed in the soil to the blood of sheep and
forages to the blood of the goat and high
negative were observed the sodium
interrelation among soil to forage, soil to the
blood of the goat and between forage to the
serum of sheep in Bhakhar samples (Table 2)
Bioconcentration factor
Bioconcentration factor of sodium for forage
was higher in Bhakkar and Sargodha than
Mianwali. The least BCF value of Na was
observed in Mianwali while maximum BCF
value of sodium was seen in Bhakkar. The
BCF of sodium for blood plasma of goats was
higher in Bhakkar sampling as compare to
Mianwali and Sargodha. Similarly, the BCF
of sodium for blood plasma of sheep of
Sargodha sampling was higher as compare to
Bhakkar (Table 3).
Pollution load index
Pollution load indexfor sodium revealed
higher in Sargodha and Mianwali soil as
compare to Bhakkar (Table 4).
Discussion
Sodium is a non-essential element for the
plant but can be used in small quantities,
similar to micronutrients, to help in the
metabolism and synthesis of chlorophyll.
Mean values of sodium content in all soil
samples were more than the critical level of
62 mg/kg as stated by Rhue and Kidder [23].
Espinoza et al. [24] also give the values in a
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Figure 1. Location map of study site
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Figure 2. Mean sodium concentration in soil (mg/kg) in different districts of Punjab
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Figure 3. Mean sodium concentration in forages (mg/kg) in different districts of Punjab
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Figure 4. Mean sodium concentration in blood of goat (mmol/L) in different districts of
Punjab
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Figure 5. Mean sodium concentration in blood of sheep (mmol/L) in different districts of
Punjab
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Table 1. Analysis of variance for sodium contents in soil, forage and blood plasma in three
districts of Punjab
Sodium
Soil
Forage
Blood of goat
Blood of sheep
Degree of freedom

Sargodha
46.347ns
210.394 ns
65.242 ns
9.828 ns
2

Mianwali
4.412 ns
2.466 ns
14.327 ns
48.400 ns
Error

Bhakhar
81.228 ns
101.511 ns
115.268 ns
56.826 ns
8

Table 2. Correlation of sodium between soil-forage and soil-blood of goat and sheep
Soil
Sargodha
Mianwali
Bhakkar

SoilForages
-.714
.960
-.814

Soil-Blood
of goat
-.885
.402
-.899

Soil-Blood of
sheep
-.623
-.951
.922

Forage-Blood of
goat
.958
.130
.476

Forage-Blood of
sheep
.992
-1.000*
-.526

Table 3. Bioconcentration of sodium in different districts of Punjab
BCF of sodium
Soil-Forages

Forages-Blood of goat

Forages-Blood of sheep

Sites
1
2
3
1
2
3
1
2
3

Sargodha
1.017
0.912
0.736
0.792
0.860
0.867
0.808
0.885
0.976

Mianwali
0.886
0.879
0.882
0.827
0.882
0.885
0.795
0.742
0.915

Bhakkar
0.925
1.414
1.186
1.410
1.246
1.186
0.767
0.588
0.786

Table 4. Pollution load index sodium in different district of Punjab
Site
1
2
3

Sargodha
1.210
1.186
1.306

Mianwali
1.248
1.27
1.234

Animal grazing on tropical pasture are more
prone to sodium deficiencies because plant
species in this area accumulate less sodium
than temperate species [34]. Sodium
deficiencies have been reported in numerous
tropical countries throughout the world [35].
The non-significant correlation for sodium
between soil and forage, soil to blood and
forages to the blood of the goat, forages and
blood of sheep which might be due edaphic
factor might have led to a reduction in uptake
of Na. Sodium also revealed a non-significant
positive correlation between soil tothe blood

Bhakkar
1.025
0.802
0.864

of sheep and forages to the blood of the goat
and non-significant negative correlation was
observed between soil to forage and soil to
the blood of the goat, and non-significant
positive correlation between forage and
blood of goat which leads to sodium
imbalance among soil plant and animals.
Bioconcentration factor of Na in forage was
higher in Bhakkar and Sargodha samples as
compared to Mianwali samples. Higher BCF
values of Na in Bhakkar and Sargodha
samples was observed while the lowest BCF
value of Na was observed in Mianwali. Low

1958

Siddique et al.

BCF for Na in Mianwali might be due to the
low Na uptake by forage species and periods
have also affected the metal transmission and
low Na level in animals present in Mianwali.
The rate of metal uptake by the plant has been
affected by the nature of the soil, soil pH,
plant species, plant age, and climate.
Pollution severity in the soil can be measured
by PLI. According to this method, soil is
considered to be polluted if PLI value was
higher than 1, while the soil is considered to
be clean or less dirty if PLI value is less than
1 [36]. The pollution level or contamination
factor of sodium was greater than 1 and soil
considered to be polluted.
Conclusion
The study indicated the existence of potential
mineral deficiency problems since animal is
fed on forages that are deficient in sodium
content due to sandy soils in that particular
sites, where leaching of nutrients is a major
problem. The soils in these areas are also
deficient in sodium content. So, the
consumption of materials with an appropriate
dose of minerals mix is recommended for
proper growth and reproduction of animals of
commercial values. There is an urgent need
for appropriate experimentation so that
soundly based supplementation packages can
be devised.
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