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Abstract
To explore the impact of sulfur (S) fertilization on copper (Cu) metabolism in grazing Tibetan
sheep, fertilizing and grazing experiments were conducted in the Southwest Grand Grassland, China.
The tested pasture was randomly divided into four parts by the fencing device (2 hm 2/part). The pasture
received ammonium sulfate [(NH4)2SO4] treatment in summer in 2020 (0, 300, 400, and 500 kg/hm 2
for part I, part II, part III, and part IV, respectively). 24 Tibetan sheep (one year old) were randomly
divided into four groups, and assigned to the selected pastures (part I, part II, part III, and part IV for
group I, group II, group III, and group IV, respectively). The grazing experiments lasted for 90 days.
The results showed that the contents of nitrogen (N) and S in fertilized forage were markedly higher
than those in unfertilized grass (P<0.01), but there was no significant difference among fertilized
forages. The contents of Cu in blood and liver in the Tibetan sheep from fertilized pasture were
extremely lower than those in animals from unfertilized pasture (P<0.01). The contents of Hb and PCV
in the tested sheep from fertilized pasture were extremely higher than those in sheep from unfertilized
pasture. The activities of serum SOD, GSH-Px, T-AOC, Cp, and CAT in sheep from fertilized pasture
were extremely lower than those in sheep from no fertilized pasture (P<0.01), but there were no
obvious differences among the Tibetan sheep from fertilized pasture (P>0.05). The contents of MDA
in the Tibetan sheep from fertilized pasture were significantly higher than those in animals from no
fertilized pasture (P<0.01). There was no obvious difference among the Tibetan sheep from fertilized
pasture (P>0.05). Therefore, (NH4)2SO4 fertilization not only greatly influenced the contents of S and N
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in forage, but also extremely decreased Cu contents of animal tissues in the Tibetan sheep from
fertilized ranges.

Keywords: the Southwest Grand Grassland, pastureland management, tibetan sheep, copper metabolism,
sulphur fertilizer

Introduction

Materials and Methods

The Qinghai-Tibet Plateau is an alpine meadow
ecosystem of the highest altitude in the world, and
is also the largest pasture land in Southwest China
[1]. The Southwest Grand Grassland is located in the
Southeast of the Qinghai-Tibet Plateau, and is also the
highest primary productivity in Asia. Tibetan sheep,
Hequ horse, and Choko yak are born and bred there
[2, 3].
Tibetan sheep are vital to the production system of
the Southwest Grand Grassland, China. Over the last
10 years, the local government was trying to improve
the nomadic lifestyle of local herdsmen. More and
more natural pastures were fenced in the Southwest
Grand Grassland. The feeding areas of the Tibetan
sheep had been rigorously restricted in fenced pasture,
and nomadic behavior had been seriously interrupted.
As a result, sulfur (S) deprivation had sharply risen
in forage in the Southwest Grand Grassland [4, 5].
S as a nutrient is very important in plants and animals
[6, 7]. In recent years, to improve productivity, the
local herdsmen are trying to increase S content in
forage. Ammonium sulfate [(NH4)2SO4] fertilization
was conducted during the summer grazing season in
the Southwest Grand Grassland. Molybdenum (Mo)
content in forage is a commonly recognized contributor
to copper (Cu) deprivation in animals, but adequate
dietary S nutrient is required. Mo combines with S
element to form thiomolybdate complex, and binds
with Cu element to form insoluble complex, rendering
Cu nutrient unavailable for absorption [8]. Therefore,
the effect of increasing S concentration in forage on
mineral status of grazing Tibetan sheep is an important
issue. Shen has reported that the effect of (NH4)2SO4
treatment on S contents of plants in natural pasture in
the Shouqu Prairie in Southwest China. In this study,
(NH4)2SO4 fertilization resulted in high S contents
in plant (0.71%) compared to fertilized plant with
ammonium nitrate (NH4NO3) (0.18%) [9]. Nevertheless,
the effects of different levels of (NH4)2SO4 fertilization
on Cu metabolism have not been reported in grazing
Tibetan sheep.
The objective of this research was to determine the
influences of different levels of (NH4)2SO4 fertilization
on Cu metabolism of grazing Tibetan sheep in the
Southwest Grand Grassland.

Experiment Design
(NH4)2SO4 was purchased from Xinan Chemical
Industry Group Co., Ltd, with purity of no less than
99%. The tested pasture is located in the Southwest
Grand Grassland in Sichuan Province, China. The
mineral elements in soil were determined at the
start and end of the research. The tested pasture was
randomly divided into four parts by the fencing device
(2 hm 2/part). The pasture received (NH4)2SO4 treatment
in summer in 2020 (0, 300, 400, and 500 kg/hm2 for
part I, part II, part III, and part IV, respectively). A total
of 24 Tibetan sheep were randomly divided into four
groups, and assigned to the selected pastures (part I,
part II, part III, and part IV for group I, group II, group
III, and group IV, respectively). The grazing experiment
lasted for 90 days.

Sample Collection
The samples of soil and plant were collected at the
start and end of the experiment. The samples of whole
blood were collected from the jugular vein at the end of
the experiment. The samples of serum were collected
in vacuum tubes of 1% heparin sodium, centrifuged at
3 000×g for 15 min, then stored at 4ºC. The samples
of liver were collected by a trained technician using
techniques previously described.

Sample Analysis
The samples of soil and forage were analyzed for
mineral contents as described for Yuan (2012) [8]. The
samples of blood and liver were handled and analyzed
for mineral contents of Cu, zinc (Zn), manganese (Mn),
iron (Fe), and Mo as described for Huo et al. (2019) [10].
The contents of nitrogen (N) and S in soil and forage
were analyzed as described for Shen (2009) [9].
The blood physiological parameters including
hemoglobin (Hb), erythrocyte count (RBC), packed
cell volume (PCV), and white blood cell count (WBC)
were analyzed as described for Yuan et al. (2013) [11].
The blood biochemical parameters including total
antioxidant capacity (T-AOC), superoxide dismutase
(SOD), glutathione peroxide (GSH-Px), catalase (CAT),
malondialdehyde (MDA), and ceruloplasmin (Cp) were
analyzed as described for Shen (2011) [12].
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Data Analyses

difference among group II, group III, and group IV
(P>0.05). The S values in blood and liver in group I
(control group) were considerably lower than those in
group II, group III, and group IV (P<0.01), nevertheless
there was no considerable difference among group
II, group III, and group IV (P>0.05). The Fe values
in blood in group I (control group) were extremely
higher than those in group II, group III, and group IV
(P<0.01). There were no considerable difference among
Fe contents in liver in group I, group II, group III, and
group IV (P>0.05).

The tested data was analyzed by the statistical
package (SPSS, version 21.0, Inc., Chicago, Illinois,
USA), and presented in the form of mean±standard
deviation.

Results
Influences of S Fertilization on Mineral Content
in Forage S

Influences of S Fertilization on Physiological
Parameters in Grazing Animals

As in Table 1, compared to unfertilized pasture
(control group), the values of S and N in forage were
considerably higher in fertilized pasture (P<0.01), and
the values of Cu in forage were considerably lower in
fertilized pasture (P<0.01), nevertheless there was no
considerable difference among part II, part III, and part
IV (P>0.05).

As in Table 4, compared to group I (control
group), the values of Hb and PCV were considerably
decreased in group II, group III, and group IV (P<0.01),
nevertheless there was no considerable difference
among group II, group III, and group IV (P>0.05).
Anemia has occurred in group II, group III, and g
roup IV.

Influences of S Fertilization on Mineral Content
in Animal Tissues

Influences of S Fertilization on Antioxidant
Parameters in Grazing Animals

As in Table 2 and Table 3, the Cu values in blood
and liver in group I (control group) were considerably
higher than those in group II, group III, and group
IV (P<0.01), nevertheless there was no considerable

As in Table 5, compared to group I (control
group), the levels of T-AOC, SOD, GSH-Px, CAT,

Table 1. Effects of fertilized pasture with (NH4)2SO4 on mineral contents in forage.
Items

Part I (control)

Part II

Part III

Part IV

N (mg/kg)

2.23±0.21b

3.92±0.25a

4.13±0.22a

4.25±0.23a

Mn (mg/kg)

65.53±6.26

66.72±6.91

65.37±6.67

66.87±6.69

Zn (mg/kg)

84.64±12.26

84.67±8.17

87.61±9.93

85.89±6.29

Cu (mg/kg)

7.26±0.63a

3.92±0.41b

3.72±0.35b

3.64±0.61b

Fe (mg/kg)

318.64±22.59

325.43±21.37

319.24±23.17

321.52±22.37

Mo (mg/kg)

1.27±0.11

1.25±0.13

1.28±0.17

1.23±0.13

S (%)

0.21±0.02

0.39±0.05

0.41±0.07

0.42±0.03a

b

a

a

Different letters in the same line indicate significant difference at P<0.01 level

Table 2 Effects of fertilized pasture with (NH4)2SO4 on mineral contents in blood.
Items

Group I (control)

Group II

Group III

Group IV

Mn (mg/kg)

0.72±0.07

0.71±0.13

0.73±0.12

0.71±0.11

Zn (mg/kg)

8.47±0.19

8.55±0.17

8.58±0.18

8.44±0.21

Cu (mg/kg)

0.66±0.05a

0.38±0.03b

0.32±0.02b

0.31±0.03b

Fe (mg/kg)

374.91±38.22a

321.84±40.21b

319.83±55.20b

312.74±38.21b

Mo (mg/kg)

0.07±0.02

0.08±0.02

0.09±0.01

0.07±0.02

S (mmol/L)

38.78±3.32b

52.12±5.73a

54.73±5.33a

55.13±4.76a

Different letters in the same line indicate significant difference at P<0.01 level
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Table 3. Effects of fertilizing pasture with (NH4)2SO4 on mineral contents in liver.
Items

Group I (control)

Group II

Group III

Group IV

Mn (mg/kg)

5.77±0.36

5.75±0.29

5.69±0.35

5.83±0.33

Zn (mg/kg)

76.35±5.82

73.68±5.21

74.43±5.57

72.83±4.79

Cu (mg/kg)

73.26±6.17

58.42±3.55

53.21±3.37

59.22±3.37b

Fe (mg/kg)

351.08±37.12

355.12±18.54

358.07±13.35

354.34±19.16

Mo (mg/kg)

2.98±0.30

2.82±0.23

2.79±0.22

2.81±0.23

S (%)

0.21±0.02b

0.35±0.05a

0.36±0.07a

0.37±0.03a

a

b

b

Different letters in the same line indicate significant difference at P<0.01 level

Table 4. Effects of fertilizing pasture with (NH4)2SO4 on physiological indexes in blood.
Items

Group I (control)

Group II

Hb (g/L )

103.27±8.57

85.77±6.67

82.98±11.93

81.37±6.37b

RBC (1012/L)

7.83±0.57

7.53±0.61

7.83±0.52

7.72±0.65

PCV (%)

35.52±2.30a

25.42±2.13b

23.51±1.73b

21.03±2.50b

WBC (109/L)

10.52±0.57

9.87±0.67

9.94±0.77

10.43±0.98

-1

a

Group III
b

Group IV
b

Different lowercase letters in the same trade indicate significant difference at P<0.01 level

Table 5. Effects of fertilizing pasture with (NH4)2SO4 on antioxidant capacity in blood.
Items

Group I (control)

Group II

SOD (IU/mL)

73.56±2.92

GSH-Px (IU/mL)

Group III

Group IV

67.51±4.62

b

66.53±3.82

68.71±4.33b

45.32±3.22a

43.56±2.72b

44.34±4.13b

44.23±3.92b

T-AOC (IU/mL)

8.21±0.66a

6.65±0.85b

6.59±0.96b

6.68±0.63b

CAT (IU/mL)

3.83±0.15a

2.23±0.12b

2.17±0.11b

2.12±0.12b

MDA (nmol/mL)

25.25±2.17b

37.23±2.87a

38.73±3.19a

39.31±2.23a

Cp (BU/dL)

8.73±0.87a

5.46±1.02b

5.33±0.67b

5.55±0.62b

a

b

Different letters in the same line indicate significant difference at P<0.01 level

and Cp in serum were considerably decreased in group
II, group III, and group IV (P<0.01), and the levels of
MDA were considerably increased in group II, group
III, and group IV (P<0.01), nevertheless there was no
considerable difference among group II, group III, and
group IV (P>0.05).

contents of plants in the Shouqu Prairie in Southwest
China) [9]. Their results showed that the contents of
N and S in forage were considerably increased in
fertilized pasture. Nevertheless, to date, no researcher
has investigated the influences of different levels of
(NH4)2SO4 fertilization on Cu metabolism in grazing
animals.

Discussion

Influences of S Fertilization on Mineral Contents
in Animal Tissues

Influences of S Fertilization on Mineral Contents
in Forages
N and S are important nutrients in plants. More and
more studies have shown that fertilized forages with
(NH4)2SO4 can considerably increase the contents of N
and S in plants. Shen has also reported a 3-year study
on investigating the effect of (NH4)2SO4 treatment on S

The antagonistic effect of S nutrient on Cu
metabolism in animals has been very well recognized.
S element combines with Mo element to form a
thiomolybdate complex in rumen. Thiomolybdates bind
with Cu element to form an insoluble complex, rendering
Cu nutrient unavailable for absorption. Therefore,
the Cu values in blood and liver in group I (control

Effects of Sulphur Fertilizer on Copper...
group) were considerably higher than those in group
II, group III, and group IV. Decrease in circulating Cu
level in blood is associated with Cu content in liver
of approximately 40 mg/kg and lower [13, 14]. Once
these contents are achieved, sheep are considered
Cu deprivation. Cu content in liver below 75 mg/kg
is considered deprivation for the Tibetan sheep [15, 16].
Therefore, the Tibetan sheep in current studies had been
considered Cu deprivation when they initially entered
the experiment, because initial Cu contents in liver in
the tested sheep were 73.26±6.17 mg/kg.

Influences of S Fertilization on Physiological
Parameters in Grazing Animals
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Conclusion
Based on the results, the fertilized pasture not
only increased the contents of S and N in forage, but
also severely disrupted the blood parameters and
considerably decreased Cu contents in blood and liver.
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Most of Cu element in blood is showed as
ceruloplasmin (Cp), which plays a key role in greatly
increasing the rate of Fe saturation of transferrin, so in
the absorption and transport of Fe, and in the utilization
of Fe by the bone marrow in animals [17, 18]. The lack
of Cu nutrient often leads to extreme decrease of Cp
content in blood [19-21]. Therefore, the low content of
Cu in forage not only considerably reduces the level of
Cp but also causes sheep anemia. In our studies, the
values of Hb and PCV were considerably lower than
those in group II, group III, and group IV.
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SOD per mole contains 2 eq (chemical equivalent)
of Cu. Cu element may be reversibly removed, and it is
required for activity [22, 23]. Cu deficiency often leads
to low Cp content in blood, and decreases absorption
of Fe [24, 25]. Therefore, the levels of T-AOC, CAT,
and SOD in the Tibetan sheep from fertilized pastures
were extremely decreased, and the contents of MDA
were considerably increased. Antioxidant system
is the defense system of organisms for scavenging
free radicals, including mainly vitamins, cysteine,
glutathione, Cu, Mn, Zn, Fe, SOD, GSH-Px, CAT, etc
[26, 27]. SOD, as a key metal enzyme, is very widely
existing in aerobic organisms. It plays a very important
role in the oxidation resistance of organisms, and
can very rapidly catalyze the superoxide anion (O2-)
to produce disproportionation reaction, and protect
organism cells from damage from free radicals in
metabolism [28-30]. CAT can decompose H2O2 into
molecular oxygen and water very rapidly and clear H2O2
in organism, so as to protect organism cells from H2O2
[31-33]. T-AOC is an important parameter for evaluating
antioxidant capacity in organisms. It can very rapidly
reflect the compensatory capacity to external stimuli and
the metabolism capacity of free radicals in organisms
[34-36]. The significant decrease of T-AOC level will
considerably increase the abundance of lipid peroxides
and free radicals of organisms. MDA is a lipid peroxide
of organism, which can reflect very rapidly the degree
of lipid peroxidation in organisms [37-39].
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