
Introduction

Heavy metals are very important environmental factors

and toxicity of heavy metals cause severe harms in

organisms and the surrounding environment. In many

biochemical and physiological metals play vital role

and their toxicity depends on plant species, chemical

form and concentration (Ackova, 2018). Heavy metals,

although essential, are needed in minor concentrations

by plants. Some of these metals such as Fe and Cu have

a basic association with activation and stabilization of

enzymes by their interaction with proteins (White and

Greenwood, 2013). These metals are said to be redox-

active and play pivotal roles in key physiological

functions, e.g., chlorophyll biosynthesis, photosynthesis,

carbon and nitrogen metabolism, respiration, and defense

against reactive oxygen species (Hansch and Mendel,

2009). Iron is stored intracellularly as ferritin in the

plastids (Ravet et al., 2009) being a fundamental

structural component of a number of heme proteins

(cytochromes, catalase, reductase and peroxidase), Fe-

S proteins (ferredoxin, aconitase and SOD), siroheme

proteins (nitrite reductase and sulfite reductase) and

other Fe-containing proteins (lipoxygenase) (Page and

Feller, 2015). Iron is also found to be associated with

regulation of transcription and translation and bio-

synthesis of phytohormones such as gibberellins,

ethylene and jasmonic acid (Hansch and Mendel,

2009).

Iron is an important micro-mineral that is present in

both animals as well as in plants. Fe is involved in

essential fundamental processes such as photosynthesis

and respiration and co-factor for a variety of enzymes

(Sperotto et al., 2010). Fe is the central atom present

in heme proteins such as cytochrome oxidase, catalase,

nitrate reductase, and peroxidase, in siroheme proteins

such as sulphite and nitrite reductase, in Fe-S proteins

such as ferredoxin and other Fe containing proteins

such as lipoxygenase. Fe is stored intracellularly

processed in the form of ferritin in plastids (Page and

Feller, 2015). Fe deficiency can lead to growth, retar-

dation, chlorosis and even death of the plant. Despite

its abundance in the earth�s crust, bioavailable Fe

concentration is generally low because of the formation

of insoluble Fe oxides (Ricachenevsky and Sperotto,

2014). The Fe level in the soil is mostly within an

appropriate amount, but Fe may increase to toxic level

in the plant. Fe toxicity in plants causes the microbial

reduction of insoluble Fe (Dorlodot et al., 2005). Iron

toxicity in plant cause to reduce the yield and photo-
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synthetic activity, but increase the ascorbate peroxidise

activity and oxidative stress (Nagajyoti et al., 2010).

Iron toxicity in animal is mostly due to excessive use

of iron supplements. Approximately 70% of iron is

available in the form of hemoglobin and about 5% to

10% is found in myoglobin. Fe is carried in the serum

by transferrin. The binding capacity of the transferrin

is closed due to high dose of Fe and serum Fe level

increases rapidly (Oruc et al., 2009). Most animals are

naturally well susceptible to Fe toxicity. Oral dosages

of Fe greater than 150 mg/Kg, body weight cause

toxicity in animals (Osweiler et al., 1985).

Zinc (Zn) is a mobile element in plants and can be

transported by means of phloem to the growing parts

of the plant. Zn is essential for the synthesis of chloro-

phyll and activates some of the enzymes and these

include carbonic anhydrase, Cu-Zn SOD, and metal-

loproteinase (Page and Feller, 2015). Biosynthesis of

auxin, starch and chloroplast is also indebted to the

presence of Zn. Deficiency of the metal can cause

chlorosis because of its involvement in the synthesis of

chlorophyll. Leaves become mottled and appear bronze

in colour. Abnormal growth of roots is also associated

with Zn deficiency (Soetan et al., 2010). Zn is usually

linked to stimulation of the immune system of animals,

but it has reported to weaken the immune system and

reduces the levels of calcium in HIV-positive men

(Wood, 2000).

Excess of Zn slow plants growth and contributes to

chlorophyll degradation in young leaves. Older leaves

are affected if the duration of exposure prolongs.

Chlorosis could be explained on the basis of Fe-

deficiency induced by Zn, as hydrated Zn and Fe ions

are similar in size (Kalaivanan and Ganeshamurthy,

2016). Zn toxicity can also lead to deficiency of Mn,

Cu and P, characterised by development of typical

purple-red colour of the leaves (Lee et al., 1996). Level

of Zn acceptable in plants is 300-400 mg/Kg dry

weight but its level varies according to growth stages

and plant species. The Zn level remains within limits,

for the most parts, but high level of Zn for long period

enhance the Zn level in plants. Zn toxicity in plants can

affect the plants in many ways, e.g. extreme chlorosis,

decrease growth of shoots and imbalance in metabolic

activities (Ackova, 2018; Versieren, 2017).

Cattle provide organic manure and on-farm power for

agricultural sector. Animal products are a rich source

of essential micronutrients (such as Fe and Zn) and

vitamins (such as Vit. A and Vit. B-12). Thus, providing

a nutritious and balanced diet to the inhabitants of

under-developed and developing countries (McAfee

et al., 2010). Purpose of the present study was to evaluate

the seasonal effects on the translocation of Fe and Zn.

Current work also aimed to check any toxicity in soil,

forages and livestock and also encircle the effects of

seasons and sites in food chain of semi arid environment.

Present work comprehensively describe the metals

availability and transfer from soil, forages to small

ruminants in four seasons of year. Different indices also

shows the amount of metal transfer in environment.

With the help of this work we can easily detect the

seasonal and spatial impact on metal availability and

its effect on forages and livestock. It will provide a base

line data for livestock of semi arid region and we can

know the deficiency and toxicity of that metals in

livestock. So, we will be able to recommend mineral

mixture on the basis of this data and improve the forages

and livestock of semi arid region.

Materials and Methods

Study site. The present research was conducted in semi

- arid regions of Pakistan. District Bhakkar is present

in semi-arid region and average annual temperature of

Bhakkar is 24.6 °C. Average rainfall of study site is

213 mm. This study was conducted at two sites in year

2017-2018. Site 1 consists of Tehsil Bhakkar and Tehsil

Mankera. The site 2 consists of Tehsil Darya Khan

and Khan Kaloor Kot (Fig. 1). Samples for forages and

fodders were collected randomly from 10 plots in each

site and made a one unit sample or replicate. All sampling

was done in four different seasons viz., summer, winter,

Fig. 1. Map of study site.
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autumn and spring. Five replicates of each forage and

fodder were collected and brought to Department of

Botany, University of Sargodha for further analysis.

Goats were divided into four groups or stages, Does

(Female), Bucks (Male), Wether (Castrated), Juvenile

(6 month) 10 in each group and sampling of three

sources (Blood, Urine and Feces) from these different

goat stages were done. All goats were one year old,

except juvenile which were 6 months old.

Soil. Soil samples (100 mg each) were collected from

every 10 plot of the site, where forage/fodders were

collected and made into one composite sample. The

selected places were dug up to 12-15 cm deep partially

containing all the layers by a stainless steel auger. Five

composite samples were prepared and dried in air, and

put in forced air oven for 47 h at a temperature of 72

°C. These collected samples were air dried, stored in

labeled, sealed paper bags and placed in an incubator

for 5 days at a temperature of 70 °C (Rhue and Kidder,

1983).

Forages and fodders. The available forages and fodders

samples on which the goats graze were collected

(Table 1) from the same site of the soil samples were

taken by using sterilized apparatus. Then collected

samples were air dried, stored in labeled, sealed paper

bags and placed in an incubator for 5 days at a

temperature of 70 °C (Sanchez, 1976).

Blood-serum sample collection. Blood samples were

collected from four categories of the goat Does, Bucks,

Wether, and Juvenile (10 in each group). A total of 20

mL blood was taken from the jugular vein of each goat

in heparin vile sterile plastic test tubes which were

placed in slanting position for an hour to let the serum

ooze out. After blood collection the serum was separated

from plasma by centrifugation. Then the serum was

aspirated carefully with a pipette, put in small labeled

voiles and placed in the freezer at -20 °C till analysis

(Kamada et al., 2000).

Urine and feces. Urine and fecal samples of goats were

also collected by using standard methods described by

Kamada et al. (2000).

Sample size calculation for animals. The sample size

for the ruminants used in this study was calculated by

using the equation for a study comparing two means

(Eng, 2003) as shown below:

N=4s 2 (Zcrit + Zpwr)/D
2

Ta
bl

e 
1.

 L
is

t 
o
f 

p
la

n
ts

 w
it

h
 s

ci
en

ti
fi

c 
an

d
 l

o
ca

l 
n
am

es

S
u
m

m
er

 p
la

n
ts

L
o
ca

l 
n
am

es
A

u
tu

m
n

L
o
ca

l 
n
am

es
W

in
te

r 
p
la

n
ts

L
o
ca

l 
n
am

es
S

p
ri

n
g

L
o
ca

l 
n
am

es

P
eg

an
um

 h
ar

m
al

a 
L

.
H

er
m

al
C

ym
bo

po
go

n 
jw

ar
an

cu
sa

 J
.

K
h
aw

i
C

on
vo

lv
ul

us
 a

rv
en

si
s 

L
.

L
eh

li
, 
W

an
v
eh

ri
C

al
ot

ro
pi

s 
pr

oc
er

a 
A

.
A

ak
k

C
ym

bo
po

go
n 

jw
ar

an
cu

sa
 J

.
K

h
aw

i
C

al
ot

ro
pi

s 
pr

oc
er

a 
A

.
A

ak
k

C
he

no
po

di
um

 a
lb

um
 L

.
B

at
h
u

C
ym

bo
po

go
n 

jw
ar

an
cu

sa
 J

.
K

h
aw

i

C
uc

um
is

 m
el

o 
va

r. 
A

gr
es

tis
C

h
ib

b
er

Zi
zi

ph
us

 m
au

ri
tia

na
 L

.
B

ai
ri

P
ar

th
en

iu
m

 h
ys

te
ro

ph
or

us
 L

.
G

aj
ar

, 
B

o
ti

,
Zi

zi
ph

us
 m

au
ri

tia
na

 L
.

B
ai

ri

C
al

ot
ro

pi
s 

pr
oc

er
a 

A
.

A
ak

k
C

itr
ul

lu
s 

co
lo

cy
nt

hi
s 

L
.

T
u
m

m
a

C
yp

er
us

 ir
ia

 L
.

B
h
o
ia

n
C

uc
um

is
 m

el
o 

va
r. 

A
gr

es
tis

C
h
ib

b
er

Tr
ib

ul
us

 te
rr

es
tr

is
 L

.
B

h
ak

h
ra

Tr
ib

ul
us

 te
rr

es
tr

is
 L

.
B

h
ak

ra
E

up
ho

rb
ia

 p
ro

st
ra

ta
 A

.
D

h
o
d
ak

P
ro

so
pi

s 
ju

lif
lo

ra
 S

w
.

Ja
n
g
li

 K
ik

k
ar

C
itr

ul
lu

s 
co

lo
cy

nt
hi

s 
L

.
T

u
m

m
a

P
eg

an
um

 h
ar

m
al

a 
L

.
H

er
m

al
F

im
br

is
ty

lis
 d

ic
ho

to
m

a 
L

.
C

h
o
ti

 B
h
o
ia

n
M

ed
ic

ag
o 

sa
tiv

a 
L

.
L

u
ce

rn

A
ch

yr
an

th
es

 a
sp

er
a 

L
.

P
u
th

 K
an

d
a

Ze
a 

m
ay

s 
L

.
M

ak
ai

D
ig

ita
ri

a 
sa

ng
ui

na
lis

 L
.

M
o
o
ti

 K
h
ab

b
al

, 
K

ar
ab

ar
a

Tr
ifo

liu
m

 a
le

xa
nd

ri
nu

m
 L

.
B

ar
se

em

Zi
zi

ph
us

 m
au

ri
tia

na
 L

.
B

ai
ri

So
rg

hu
m

 b
ic

ol
or

 L
.

Jo
w

ar
Zi

zi
ph

us
 m

au
ri

tia
na

 L
.

B
ai

r
H

or
de

um
 v

ul
ga

re
 L

.
Ja

o

P
ro

so
pi

s 
ju

lif
lo

ra
 A

.
Ja

n
g
li

 K
ik

k
ar

P
ro

so
pi

s 
ju

lif
lo

ra
 S

w
.

Ja
n
g
li

 K
ik

k
ar

P
ro

so
pi

s 
ju

lif
lo

ra
 S

w
.

Ja
n
g
li

 K
ik

k
ar

Ze
a 

m
ay

s 
L

.
M

ak
ai

P
en

ni
se

tu
m

 g
la

uc
um

 L
.

B
aj

ra
M

ed
ic

ag
o 

sa
tiv

a 
L

.
L

u
ce

rn
C

ic
er

 a
ri

et
in

um
 L

.
C

h
an

n
a

Ze
a 

m
ay

s 
L

.
M

ak
ai

Tr
ifo

liu
m

 a
le

xa
nd

ri
nu

m
 L

.
B

ar
se

em

So
rg

hu
m

 b
ic

ol
or

 L
.

Jo
w

ar
Av

en
a 

sa
tiv

a 
L

.
Ja

i

H
or

de
um

 v
ul

ga
re

 L
.

Ja
u

C
ya

m
op

si
s 

te
tr

ag
on

ol
ob

a 
L

.
G

u
ar

B
ra

ss
ic

a 
ni

gr
a 

L
.

R
ai

 a
n
d
 S

ar
so

n

B
ra

ss
ic

a 
ca

m
pe

st
ri

s 
L

.

Se
sb

an
ia

 s
es

ba
n 

L
.

Ja
n
ta

r
C

ic
er

 a
ri

et
in

um
 L

. 
C

h
an

n
a

Seasonal Changes in the Climate by Iron and Zinc 233



By applying above formula, a total of 80 goats were

recruited in the study. Bhakkar District was split into

two parts (Site 1 and Site 2). Fourty of these goats were

from Site 1 and the same number for site 2. Fourty from

each site were divided into four groups Does, Bucks,

Wether, Juvenile (10 in each group).

Therefore, the total number of samples for the four

seasons was:

80 goats x 4 seasons = 320 ruminants

Sample preparation and analytical procedure to
determine minerals. 60 mL liquid samples of blood-

serum and urine, soil, forages, fodder and feces were

prepared after digestion by following standard procedure

given by Kamada et al. (2000). Mineral analysis of all

samples was carried out by using an Atomic Absorption

Spectrophotometer Perkin-Elmer AAS-5000 (Perkin-

Elmer Corp., 1980) after wet digestion. Samples were

checked for the concentration of iron (Fe) and zinc

(Zn).

Statistical analysis. Data visualization was performed

with the help of combined box plots using ggplot2

package in software R. Analysis of variance (ANOVA)

(Steel et al., 2006) along with least significant difference

(LSD) test was applied using statistix 8.1.

Bio-concentration factor. The determination of bio-

concentration is brought about by using the formula

devised by Cui et al. (2004).

             M(Forage)
      Bio-concentration factor (Soil to Forage) = _________

              M(Soil)

               (M)Goats
      Bio-concentration factor (Forage to Goats) = ________

              (M)Forage

where:

(M)Forage = Concentration of metal (mg/Kg) in forage;

(M)Soil = Concentration of metal (mg/Kg) in soil;

(M)Goat = Concentration of metal (mg/Kg) in goat;

Pollution Load Index (PLI). Pollution Load Index is

determined by the following formula: (Liu et al., 2005).

             (M)IS
      Pollution Load Index = ______

             (M)RS

where:

(M)IS = Concentration of metal (mg/Kg) in sample

soil; (M)RS = Reference value of that metal in soil.

Enrichment factor (EF). Enrichment factor is calculated

by the formula of Buat-Menard and Chesselet (1979).

            (Conc. of metal in forage/Conc. 
                  of metal in soil) sample

    Enrichment factor (EF) = __________________________

            (Conc. of metal in forage¸Conc.
  of metal in soil) standard

Results and Discussions

Iron (Fe). Soil. The analysis of variance of Fe values

in soil samples exhibited significant (P < 0.05) variation

in season and site x season, but non-significant (P >

0.05) variation in sites (Table 2). Results showed that

Fe values in soil samples were ranged from 12.01 to

17.44 mg/Kg in all sampling seasons at both sites. The

minimum concentration of Fe in the soil was observed

in season 1 at site 1 and maximum concentration was

observed in season 4 at site 2 (Fig. 2). The present study

showed that Fe values in soil samples were lower than

the critical level (150 mg/Kg) described by NRC (2001)

and WHO (2000). Fe values were also lower than the

values given by Shisia et al. (2013). Low concentration

of Fe in the soil is closely associated with the composition

of the parent material from which soil made. It is known

very well that parent material of soil determines the

chemical properties of soil (Irmak et al., 2007). Organic

matter, mineralogy and texture of soil show effect on

the Fe availability in soil and thus, direct relation of

knowledge between soil chemistry and mineralogy with

plant nutrition and fertility is compulsory (Mielki et al.,
2016).

Limited root growth and microbial activity in wet and

cool soils in early growing season lead towards the

deficiency of Fe in soil. On the other hand, high microbial

activity, warm soil and high root proliferation increase

the Fe level in soil and also its availability to plants.

(Schulte, 2004). Iron deficiency in the present study

may be due to the low microbial activity or non avail-

ability of Fe in soluble form.

Forages. Fe values in forages showed significant (P <

0.05) variations in site, season and site x season (Table

2). Concentrations of Fe determined in forage samples

were ranged from 27.04 to 33.26 mg/Kg in all sampling

seasons and sites. Lowest Fe value in forages was

observed in season 1, at site 1 and the highest value

was observed in season 4, at site 2 (Fig. 2). Present

investigation showed that Fe values in forages were

lower than the level (40 mg/Kg) given by WHO (1998).
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Fe concentrations in forages of the present study were

lower than the concentration of forages reported by

Shisia et al. (2013) and also lower than the minimum

requirement level of ruminants described by McDowell

et al. (1982). The higher Fe level in forages than the

present study is reported by Khan et al. (2004).

Deficiency of Fe in plants occurs only due to the soil

in which plants grow. The high amount of calcium and

bicarbonate cause the Fe deficiency in the soil. High

level of CaCo3 and pH can also be one of reasons to

reduce the iron availability to plants because only one

unit increase of pH reduce the Fe solubility 1000-folds

(Incesu et al., 2015). As Fe is immobile in plants, young

leaves appear as the first sign of deficiency symptoms.

Fe deficiency also causes chlorosis in young leaves.

Minor deficiency of iron is often confused with

manganese deficiency and cause interveinal chlorosis

(Schulte, 2004). Even though Fe is available in high

amount in soil, plants suffer from deficiency of Fe

because of its low solubility (Ma and Ling, 2009).

Fe deficiency in the present forages might be due to

high pH Level, soil chemical properties and its low

solubility.

Goats. Analysis of variance of Fe values in the goats

showed significant (P < 0.05) variation in sites but non-

significant (P > 0.05) variation in season and site x

season (Table 2). Value of Fe in goats varied from 5.79

to 8.11 mg/Kg during all seasons at both sites. Season

1 of site 1 showed the lowest values of Fe and season

2 of site 2 showed the highest value of Fe (Fig. 2).

Variance data of Fe showed that the source had a

significant effect (P < 0.05), but the stage and source

Table 2. Analysis of variance of Fe and Zn for soil, forage and goats

                   Analysis of variance of metals for soil and forages

Metals                  Soil          Forages

Site Season Site x Season Error Site Season Site x season Error

df 1 3 3 482 1 3 3 482

Fe 53.717ns 179.642*** 244.998*** 33.351 3492.736*** 16.619*** 10.805** 2.932

Zn 61.655*** 70.782*** 23.389*** 0.940 34.989*** 1.875ns 1.610ns 5.212

Analysis of variance of metals for goats in site x season and source x stage

Metals Site Season Site x Season Error Source Stage Source x stage Error

df 1 3 3 952 2 3 6 948

Fe 775.27*** 6.6528ns 6.60ns 12.865 5895.669*** 1.182ns 0.144ns 1.336

Zn 59.70*** 0.0113ns 0.46*** 0.018 1.890*** 0.538*** 0.000ns 0.077

*** = significant at 0.001 levels; ** = significant at 0.01 levels; * = significant at 0.05 levels; ns = non-significant at above

0.05 levels.

Fig. 2. Mean concentration and comparison of Fe

and Zn transfer from soil to forage to goats.
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x stage had non-significant (P > 0.05) effect on Fe

values (Table 2). Fe values in all sources and stages

was ranged from 2.00 mg/Kg to 9.72 mg/Kg (Table 3).

Minimum level of Fe was observed in blood of bucks

and maximum was observed in feces of does.

Box plot depicted that Fe concentration in blood plasma

was observed in between 1.69 to 2.33 mg/L during all

seasons at both sites. Season 1 of site 1 showed the

lowest Fe value and season 2 of site 2 showed the

highest value of Fe in blood during all sampling seasons

and sites. Fe values in feces ranged from 8.04 to 11.16

mg/Kg at both sites of all seasons. Minimum level of

Fe in feces was observed in season 1, at site 1 and

maximum level was observed in season 2, at site 2.

Results of Fe during all seasons in urine varied from

7.64 to 10.83 mg/L. Season 2 of site 2 showed the

maximum Fe value and season 1 of site 1 showed the

minimum Fe value in urine (Fig. 3).

Table 3. Mean concentrations and standard errors of Fe and Zn (in different sources and stages of goats)

Stage Source Fe Means Fe Std. Dev. Fe Std. Err. Zn Means Zn Std.Dev. Zn Std. Err.

Does Blood (mg/L) 2.057188 0.297748 0.033289 1.194 0.304589 0.034054

Feces (mg/Kg)   9.72875 1.490243 0.166614 1.094625 0.297612 0.033274

Urine (mg/L) 9.431875 1.430776 0.159966 1.044625 0.297612 0.033274

Bucks Blood (mg/L) 2.00625 0.275454 0.030797 1.09625 0.264156 0.029533

Feces (mg/Kg)   9.529688 1.362815 0.152367 0.9905 0.270318 0.030222

Urine (mg/L) 9.233438 1.35896 0.151936 0.9405 0.270318 0.030222

Wether Blood (mg/L) 2.004438 0.28607 0.031984 1.095625 0.273865 0.030619

Feces (mg/Kg)   9.527813 1.387107 0.155083 0.9965 0.273323 0.030558

Urine (mg/L) 9.245625 1.406015 0.157197 0.9465 0.273323 0.030558

Juvenile Blood (mg/L) 2.0295 0.273633 0.030593 1.120813 0.265785 0.029716

Feces (mg/Kg)   9.64375 1.36331 0.152423 1.021 0.266442 0.029789

Urine (mg/L) 9.291875 1.407017 0.157309 0.971688 0.266507 0.029796

Over all 6.977516 3.690632 0.119115 1.042719 0.285749 0.009223

Fig. 3. Mean concentration of Fe and Zn in blood, urine and feces in different seasons at two sites.
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Fe concentrations in the blood plasma of goats were

lower than the permissible concentration (2.5 mg/L)

described by Kaneko (1980). Fe values in the blood

plasma in the present study were lower than the values

mentioned by Kalita et al. (2006). Fe values in the blood

were also lower than the limits described by Schweinzer

et al. (2017). Feces analysis showed that the Fe concen-

tration in feces were lower than the values reported by

Mnkeni and Austin (2009) and Khan et al. (2003). Fe

level in urine of goats was higher than the results

determined by Abulude et al. (2006). Iron is an indis-

pensable nutrient which plays a considerable role in

many metabolic processes and has significant importance

in organisms. A large portion of Iron is a vital component

of protein like myoglobin and hemoglobin (Suttle,

2010).

Amount of Fe in dietary food varies according to food

type. Plant species and soil in which plant grows and

availability of Fe to ruminants are the main factors

which determine the Fe concentration in ruminants.

There are many serious diseases which are associated

with Fe deficiency like anemia, poor immune system,

weakness and slow growth (Herdt and Hoff, 2011).

Many other factors also cause the Fe deficiency. Trace

elements reduce the Fe availability, for example, excess

amount of Mn and Co may inhibit the Fe availability.

Excretion of Fe by urine and feces may also be a

possibility of Fe deficiency (Hallberg and Hulthen,

2000). Iron deficiency in the present study may be

associated with the low Fe level in soil and forages and

high amount of other trace metals.

Zinc (Zn). Soil. Analysis of variance of the data for Zn

showed significant (P < 0.05) variation in site, season

and site x season in soil (Table 2). Zn level in soil varied

from 2.02 to 4.81 mg/Kg. The minimum value of Zn

in soil was observed in season 1, at site 1 and maximum

value was observed in season 4, at site 2 (Fig. 2). Zn

values in soil samples of the present study were much

lower than the critical level (60 mg/Kg) mentioned by

WHO (2000). Zn soil findings of the present study were

equal to the findings of Orisakwe et al. (2017) in soil.

The present Zn value of soil was lower than the critical

level of Zn in soil reported by Sanchez (1976).

Zn is an important element which plays a significant

role in enzymatic reactions, but the level of Zn in soil

depends on the type of soil (Knezevic et al., 2009). The

main factors which are responsible for the Zn content

in soil are the extent of weathering process and chemical

composition of natural rock (Chesworth, 1991). Sandy

soil contains the lowest Zn content, and organic and

calcareous soil contain the highest Zn content. Overall

worldwide mean level of Zn in soils is 64 mg/Kg. In

the present study, Level of Zn can increase in Zn deficit

soil by direct application of liquid Zn fertilizer other

than granular fertilizers (Mertens et al., 2013). The

lower level of Zn in soil was due to sandy soil because

sandy soil contains low amount of Zn.

Forages. Variance analysis of Zn data in forages showed

significant (P < 0.05) effect in site but non-significant

(P > 0.05) effect in season and site x season (Table 2).

Concentration of Zn in forages ranged from 31.87 to

32.66 mg/Kg in all seasons of both sites. Data revealed

that the lowest Zn value in forages was present in season

1, at site 1 and the highest concentration was present

in season 3, at site 2 (Fig. 2). Zn level in the forages

investigated in the present study was below the

permissible value (50 mg/Kg) suggested by WHO

(1998). Zn level in forages in the present study was

higher than the values described by Moreki et al. (2013)

but these values were equal to the minimum Zn dietary

requirement level recommended by McDowell et al.
(1982).

Zn plays a vital role in plants by performing many

essential functions like photosynthesis, membrane

structure, gene expression and regulation, lipids and

nucleic acids metabolism, phyto hormone activity,

protein synthesis and defense against disease and drought

(Begum et al., 2016). Manganese and phosphorus are

the main factors which cause to low the Zn level in

forages. Forage growth effect severely due to deficiency

of Zn because Zn deficiency reduces plant growth and

yield (Rosen and Eliason, 2005). Alkaline calcareous

soil reduce the availability of Zn to crops from the soil

because Zn absorbed on calcareous soil and not available

to plants (Cakmak, 2008). In the present study, Zn level

in forages was below the limits which might be due to

high levels of phosphorus and manganese.

Goats. Results of Zn in goats depicted that Zn was

significantly (P < 0.05) affected by site and site x season,

but non-significantly (P > 0.05) affected by season

(Table 2). Level of Zn in goats was present in between

0.74-1.35 mg/Kg in all seasons of both sites. The lowest

Zn level was present in season 2, at site 1 and the highest

level was present in season 2, at site 2 (Fig. 2). The

present results also revealed that Zn concentration in

goats was significantly affected (P < 0.05) in source
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and stage, but non-significantly (P > 0.05) affected in

source x stage (Table 2). Zn values in source and stages

varied from 0.94 to 1.19 mg/Kg (Table 3). Zn concen-

tration in urine of bucks was present at minimum level

and Zn concentration in blood of does present at

maximum level.

Box plot showed that Zn values of all seasons at both

sites in blood plasma were ranged from 0.82 to 1.43

mg/L. Season 2 of site 1 and site 2 depicted the minimum

and maximum level of Zn in blood, respectively. Zn

concentration in feces was observed from 0.72 to 1.33

mg/Kg during all seasons of both sites. The lowest

concentration of Zn feces was present at site 1 in season

2 and the highest concentration was present at site 2 in

season 2. Results of Zn in urine varied from 0.67 to

1.28 mg/L in all sampling seasons of both sites. Season

2 at site 1 and site 2 was responsible for the lowest and

highest concentration of Zn urine in animal (Fig. 3).

Zn concentration of blood samples in the present study

was lower than the permissible limits (1.45 mg/L)

recommended by FAO/WHO (2001) and NRC (2007).

Present recorded value of blood Zn was also equal to

the study of Milam et al. (2017). In the present investi-

gation, the level of Zn in feces was lower than the level

of Zn given by Mnkeni and Austin (2009) and Odedina

et al. (2011). Urine level of Zn observed in the current

study was below the level described by Abulude et al.
(2006) and Khaniki (2005).

Zinc is an essential element for organisms. It exists as

the number one rank intracellular trace element according

to its abundance and second in overall abundance in

the body after iron. It plays a vital role in many functions

like it known as an essential component of many

enzymes and assist in catalytic, regulatory and structural

functions within the body (Cousins, 2006).

Toxicity of Zinc is not present at large scale in the

world. Many organisms show Zn deficiency because

phytate with combination of calcium cause to reduce

the availability of Zinc to animals. Zn deficiency in

ruminants is not so common because ruminants are very

blessed by nature because in ruminants� phytate is

digested by microbes of the rumen. Regular cutting of

grasses in one season and straw of mature forages have

low Zn level and feeding on these can be the reason of

Zn deficiency in ruminants (Herdt and Hoff, 2011).

Symptoms of Zn deficiency are poor growth, poor intake

of food, poor immune system, skin thickening and hair

loss (Nagalakshmi et al., 2009). In the present study,

Zn deficit crop might be one of the main reasons of Zn

deficiency in ruminants and Zn containing supplemen-

tation is compulsory in the diet of these goats.

Bio-concentration factor. Iron (Fe). Bio-concentration

factor (BCF) for Fe in forages was ranged from 1.78

to 2.63 at two sites in all seasons. Lowest BCF of Fe

was present in season 2 at site 1 and highest BCF was

present in season 3 at site 2. BCF of Fe in goats varied

from 0.214 to 0.245 at two sites in all seasons. Minimum

BCF of Fe in goats was present in season 1 at site 1

and the maximum was in season 2 at site 2 (Table 4).

Bio-concentration factor for Fe in forages at all sites

was greater than 1 indicated its more availability to

plants and less retention in soil. Ahmad et al. (2018a)

also recorded higher transfer of Fe (6.26-6.79) from

soil to plant as compared to present findings. The values

of BCF for Fe in current work were lower than the

findings of Ahmad et al. (2018b).

Table 4. Mean concentrations of bio-concentration factor of metals

          Soil to forages          Forages to goats

Site Season Fe Zn Site Season Fe Zn

Site-1 Site-1

S1 2.251017 15.77049 S1 0.214322 0.024561

S2 1.786787 8.057521 S2 0.216141 0.023024

S3 1.816986 10.32212 S3 0.232893 0.02482

S4 1.940664 8.88254 S4 0.218428 0.026698

Site-2 Site-2

S1 2.23391 9.199053 S1 0.243557 0.039623

S2 2.184093 7.307851 S2 0.245047 0.041484

S3 2.630207 11.57533 S3 0.236772 0.03914

S4 1.907157 6.733616 S4 0.227358 0.038389
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Zinc (Zn). BCF for Zn in forages was present in between

6.73 to 15.77 at two sites in all seasons. The minimum

value of BCF was observed in season 4 site 2 and

maximum value of BCF was observed in season 1 site

1. BCF for Zn in goats at two sites in all seasons was

ranged from 0.023 to 0.041. Minimum and maximum

BCF for Zn in goats were existed in season 2 at site 1

and site 2 respectively (Table 4).

Bio-concentration factor for Zn in forages was greater

than 1. The BCF depicted the greater transfer of Zn

from soil to plant. Lokeshwari and Chandrappa (2006)

stated that Zn retained less in soil, hence, it is more

mobile than other heavy metals. The values of BCF for

Zn in current research were higher than the values

recorded by Alghobar and Suresha (2015).

Pollution load index. Iron (Fe). Results showed that

pollution load index (PLI) for Fe varied from 0.21 to

0.30 in all sampling seasons at both sites. Minimum

PLI for Fe in the soil was present at site 1 in season 1

and maximum PLI for Fe was present in season 4 at

site 2 (Table 5).

The values of PLI for Fe in current work were lower

than the reference values of Fe (56.90) suggested by

Dosumu et al. (2005). The values of PLI greater than

unity indicate that the soil is contaminated, while less

than unity shows soil is un-contaminated (Jorfi et al.,
2017). The value of PLI for Fe in present work was

less than unity.

Zinc (Zn). The pollution load index for Zn in soil was

ranged from 0.045 to 0.108 in all seasons at site 1 and

site 2. Lowest level of PLI for Zn was observed in

season 1 and highest was observed in season 4 at site

1 and site 2 respectively (Table 5).

Pollution severity and its variation among sites is

determined by using pollution load index. The value of

PLI for Zn in present findings were lower than the

reference values of Zn (44.19) given by Singh et al.
(2010). Mohamed et al. (2014) reported the higher

value of PLI for Zn (7.57) as compared to present

findings.

Enrichment factor. Iron (Fe). Results of Fe showed

that enrichment factor (EF) of Fe was ranged from 0.23

to 0.35 in all seasons at both sites. Maximum level of

the EF of Fe was present in season 3 at site 2 and the

minimum level of the EF of Fe was present in season

2 at site 1 (Table 5). Iron EF showed no significant

variation with respect to season. Present investigation

showed that iron E.F was lower than the values of

Likuku et al. (2013) and Alghobar and Suresha (2015).

Standards of Barbieri (2016) categorize the iron E.F

into the deficient category.

Zinc (Zn). Data of EF for Zn varied from 2.99 to 7.01

in all seasons at both sites. Maximum EF was existed

at site 1 in season 1 and minimum EF for Zn was existed

at site 2 in season 4 (Table 5). Zinc EF of the current

study was equal as described by Ezemokwe et al.
(2017). Current Zn E.F was present in deficient

enrichment according to standards given by Barbieri

et al. (2016).

Table 5. Mean concentrations of pollution load index and enrichment factor of metals

                       Pollution load index of metals        Enrichment factor

Site Season Fe Zn Site Season Fe Zn

Site-1 S1 0.211147 0.045736 Site-1 S1 0.301017 7.011046

S2 0.281336 0.090966 S2 0.238938 3.582111

S3 0.262953 0.070063 S3 0.242977 4.588879

S4 0.248993 0.081263 S4 0.259515 3.948888

Site-2 S1 0.258408 0.080262 Site-2 S1 0.29873 4.089599

S2 0.266387 0.100943 S2 0.292068 3.248833

S3 0.220962 0.063855 S3 0.351725 5.146014

S4 0.306524 0.108979 S4 0.255035 2.993546

Pollution Load Index
Reference values (mg/Kg) of soil Fe and Zn are 56.80 and 44.19; Sources: Singh et al., 2010, Dosumu et al., 2005.

Enrichment Factor
Reference values (mg/Kg) soil of Fe and Zn are 56.80 and 44.19; Sources: Singh et al., 2010, Dosumu et al., 2005; Reference

values (mg/Kg) forage of Fe and Zn are 425.5 and 99.4; Sources: FAO/WHO (2001).
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Conclusion

Sites variations are much rather than seasonal variations.

Level of iron and zinc were much lower in soil, forages

and ruminants. Iron level in blood of ruminants was

within permissible levels. Bio-concentration factor of

Zn was higher from soil to forage but other indices

were lower from toxic level. Overall iron and zinc

showed a deficit level which might be due to unavail-

ability of these minerals in the diet of ruminants. This

deficiency can be fulfilled by providing a mineral

mixture containing high amount of iron and zinc.
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