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Abstract

This study investigates the impact of short-term (1.5-year) heavy and long-term (33-year) moderate
grazing intensities on the heavy metal concentrations in soils of tropical pastures. The concentration of heavy
metals (Cd, Fe, Mn, Cu, Cr, Pb, and Zn) was determined in the Livestock Section of University Putra
Malaysia, Selangor, Malaysia. The heavy metal concentrations in the soil were not affected (P>0.05) by short-
term heavy grazing intensity. The concentrations of Fe, Mn, and Zn were significantly affected (P<0.05) by
long-term moderate grazing or soil depth and by the interaction between them. The Cu concentration in soil
was only affected (P<0.05) by grazing, but not (P>0.05) by sampling depth or their interaction. The concen-
trations of Fe, Mn, Cu, and Zn in long-term moderately grazed pasture soil were 127.9, 194.8, 54.8, and
39,900% higher, respectively, than ungrazed pasture. Soil Fe, Mn, and Zn concentrations were significantly
higher (P<0.05) in surface (0-10 cm) than subsurface (10-20 cm) soils. Results suggest that the excreta of graz-
ing cattle can be an important source of heavy metals in intensively managed pastures in the long-term.
However, metal concentrations were maintained within the normal range and were not high enough to be dan-
gerous from the toxicological point of view.

Keywords: heavy metals, intensively managed pasture, long-term moderate grazing, short-term heavy
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Introduction

Naturally, all soils contain varying concentrations of
heavy metals depending on the type of parent material from
which the soil was formed. Heavy metals may be added to
pasture soils through the application of mineral and organ-
ic fertilizers, direct defecation and urination by animals,
pesticides, soil amendment practices (e.g. liming and gyp-
sum applying) [1, 2], and atmospheric deposition (e.g.
radionuclides, vehicle and industrial emissions) [3-5]. The
heavy metal content of cattle facces and urine vary by ani-
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mal diet. Dairy and beef cattle waste contain greater heavy
metal concentrations when they are fed with concentrated
feed rather than forage or silage [6]. Also, the heavy metal
content of cattle manure depends primarily on the concen-
tration in the animal feed. In consideration of the potential
impact of heavy metals on the pollution of pasture soils in
the long-term, it is important to quantify metal concentra-
tions in pasture soils to detect the possible long-term build-
up of heavy metals, especially in tropical regions with
acidic soils. The availability of metals to plants is high in
acidic soils [35]. It is reported that the application of dairy
sludge to grassland soils does not lead to the accumulation
of heavy metals to a harmful level in the short or medium-
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term (1 and 4 years) [7]. The impact of heavy metals enter-
ing pasture soils is affected by the characteristics of the soil
[8]. The concentration of metals in the soil varies with the
type of source, presence of metals in the environment [9],
and soil chemical characteristics. The distribution and
localization of heavy metals within the soil profile are gov-
erned by the type of clay minerals and organic matter per-
cent [10], leaching, erosion, and biological and microbial
processes. The distribution of heavy metals is not identical
throughout the soil profile [11]; however, heavy metals are
normally located within the top 25 cm of the soil in culti-
vated soils [12].

Although most of the available literature has discussed
the effects of animal manure and slurry applications on
agricultural land, there are very few documents concerning
the impact of animal grazing on the heavy metal contents of
soil in pastures. To date, there has been very little published
information on heavy metal inputs to pasture soil by graz-
ing animals in Malaysia. The objective of this study was to
evaluate the effects of long-term (33-year) moderate and
short-term (1.5-year) heavy cattle grazing on the concentra-
tion of heavy metals in the soils of tropical pastures.

Materials and Methods
Site Description

The study was carried out in the TPU catchment and
Ladang 2 experimentally constructed farm that lie between
101°43'38" and 101°44'03" E longitude and 2°58'53" and
2°59°57"N latitude on the University Putra Malaysia cam-
pus about 20 km south of Kuala Lumpur, Malaysia. The
areas experience a humid tropical climate with seasonality
in rainfall distribution. Mean annual rainfall is about 2,300
mm and mean annual temperature is 31°C. Soil texture
varies from sandy clay to silty clay and clay loam. The
soils are generally well drained in both areas. The TPU
catchment extends over a total area of 317 ha. Within the
catchment, two field sites with similar slope, topography,
soil, and vegetation were selected. These are designated as
grazed and ungrazed sites. Vegetation of both sites is
homogenous, with a dominant cover of tropical grasses
such as signal grass (Brachiaria decumbens Stapf.) and
guinea grass (Panicum maximum Jacq.). The grazed site,
with an area of 180 ha, has experienced a history of regu-
lar moderate grazing by cattle in the order of 2.7 livestock
unit/ha/yr under a year-round rotational grazing system
since 1975. Over the past 33 years, grazing intensity has
remained consistent within the low to moderate range. A
fenced, ungrazed exclosure of 20 hectares with topogra-
phy, soil, and vegetation similar to the grazed area was
installed in the catchment in 1975 and has never been
grazed to date.

Ladang 2 farm with an area of 2 ha was established in
early 2007. There is an ungrazed site beside the farm with
the same area without any anthropogenic manipulation
during recent years. The farm, both grazed and ungrazed
sites, was unused native grassland before establishment.

Both grazed and ungrazed sites were predominantly cov-
ered by carpet grass (Axonopus compressus (Sw.) Beauv.),
Hillo grass (Paspalum conjugatum Berg.), and slender pan-
icgrass (Ottochloa nodosa Kunth). The farm has experi-
enced regular heavy grazing by cattle in the order of five
livestock unit/ha/yr under a year-round rotational grazing
system since establishment. Management practices in the
study areas were typical for a controlled rotational grazing
system in intensively managed pastures, where managers
carry out several activities including inputs of chemicals
(fertilizers, pesticides, herbicides), offering supplementary
minerals, and concentrated feed to cattle, and tend to reduce
biodiversity to enhance the productivity of the pasture
beyond the natural level. Sites that have been grazed by cat-
tle and those that remain ungrazed constitute the actual sub-
ject matter of this research. The heavy metal concentrations
of ungrazed sites were considered as background values
due to minimal anthropogenic influence.

Apart from free grazing on pasture, cattle were supplied
with concentrated feed in the form of palm kernel cake
(PKC), in quantities of 1 kg/head/day in a feeding trough on
the pastures. Furthermore, cattle had free intake of mineral
supplement blocks every day. The chemical constituents of
Malaysian PKC and mineral lick block are summarized in
Table 1.

Pastures had been fertilized with NPK fertilizers since
the year of establishment. Urea-N was added to grazed and
ungrazed pastures over 33 years at the rates of 150-200 and
200-300 kg, respectively. Furthermore, triple super phos-
phate (TSP, 200 g P/kg) had been applied in rates of 40-60
kg P/ha/year over that period. Grazed and ungrazed sites
received 50-100 kg and 100-150 kg of potassium (K)/ha as
muriate of potash (MOP, 50% K), respectively.

Furthermore, pastures received grazing cattle waste
over time directly through defecation and urination. It
should be emphasized that cattle waste often shows high
variability in its physical and chemical properties over
time. Heavy metals concentration ranges in animal manure
and mineral fertilizers are listed in Table 2. Herbicides,
including Ken-phosate, Ken-star plus, and Tordon 101,
were applied to the pastures at the rate of 4 lit/ha to exter-
minate invasive and thorny plants wherever and whenever
needed.

Table 1. Heavy metal concentrations (mg/kg) of Malaysian
palm kernel cake (PKC) [33] and mineral lick block [34].

Heavy metals PKC Mineral block

Fe 835-6,130 7,000

Mn 132-340 7,000

Cu 20.50-28.90 1,200

Co - 20

Mo 0.70-0.79 -

Se 0.23-0.30 20

Zn 40.50-50.00 7,000
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Table 2. Heavy metal concentrations (mg/kg) in mineral and
organic fertilizers [5].

Heavy Phosphate Nitrate Farmyard

metals fertilizer fertilizer manure
Cd 0.1-170 0.05-8.5 0.1-0.8
Mn 40-2,000 - 30-969
Cu 1-300 - 2-172
Cr 66-245 3.2-19 1.1-55
Pb 7-225 2-27 1.1-27
Zn 50-1,450 1-42 15-566

Sampling Procedure

Soil sampling was carried out in June 2008. In order to
facilitate sampling in the TPU catchment, four typical areas
with four sampling plots (1 ha) in each area were identified
in both grazed and ungrazed sites. In Ladang 2 farm, four
typical areas with two sampling plots in each area were
established as well. All samples were taken at least 100 m
away from any roads in the study catchment to minimize
contamination from vehicle emissions and road dust. The
litter layer was removed from the surface of the soil before
taking samples. Soil samples were collected at randomly
selected points at 0-10 and 10-20 cm depths in both grazed
and ungrazed sites of the study areas. Ten samples were
taken in randomly selected points from the same depth in
each sampling plot and pooled together and thoroughly
mixed in order to get one composite sample. The pooled
samples were dried at room temperature (25°C) and then
gently ground in a porcelain mortar with a pestle. Crushed
soil was passed through a 2 mm stainless steel sieve to
obtain the <2-mm fraction. Stones, litter, and roots were
collected from the samples before and during grinding. Fine
roots passing through the sieve were removed with forceps
as far as possible. Air-dried and 2 mm sieved soil was trans-
ferred into an airtight plastic bag and stored in an air condi-
tioned room for chemical analysis.

Soil Chemical Analyses

The extractable form of cadmium (Cd), lead (Pb), cop-
per (Cu), chromium (Cr), iron (Fe), zinc (Zn), and man-
ganese (Mn) concentration in the soil was measured using
dilute double acid solution (Mehlich-1 extractant) [13, 14].
Twenty-five mL of the extracting solution (0.025 mol/L
H,SO, + 0.050 mol/L HCI) was added to a 5 g weight of the
soil (soil: extractant, 1:5) and mixed using a rotating hori-
zontal agitator at a frequency of 180 rpm for 15 minutes.
The heavy metal content of the filtrate was then measured
by inductively coupled plasma (ICP) spectrophotometry
(SpectroFlame Modula, Spectro Analytical Instruments,
Kleve, Germany) [15]. Concentrations of heavy metals in
the soil were expressed in mg/kg. Extractable forms of
heavy metals are supposed to be readily available for plant
uptake and/or recycling within the ecosystem [16].

Statistical Analysis

Tests for the main effects of grazing intensities and
interactions between grazing treatment and soil depth were
performed using the repeated measures analysis of variance
(ANOVA). Soil depths were included as repeated measures
to account for potential effects of grazing at various depths.
Post-hoc Fisher’s least significant difference test was used
for pair-wise comparisons among means. All tests were run
with SPSS statistical software [17]. The study used a
P<0.05 level for testing significance. These long-term and
short-term grazed pastures were not replicated. For statisti-
cal purposes each of the sampling locations per treatment
was designated as replicates, as the grazing treatments
themselves were not replicated. This approach was also
reported by [18-22]. Use of pseudo-replications has a role
in certain situations. We justified their use from the stand-
point of “space for time” substitution, given that the treat-
ments were greater than 30 and 1.5 years old when we con-
ducted the study. They are also used in on-farm research,
where treatments are often not replicated (Mark A. Liebig,
Research Soil Scientist, USDA-ARS-NGPRL, personal
communication, 10 May 2009). Though not ideal, justifica-
tion for using this approach hinges upon the value of the
long-term status of the grazing treatments [20, 22] and the
large size of the study areas.

Results

The results of multivariate analysis showed that there
was a significant difference between the management
regimes (grazing vs. no-grazing) with regard to heavy met-
als concentration in the soil for the long-term moderately
grazed TPU catchment (Wilks’ A=0.21, P<0.05). No sig-
nificant difference was found between the management
regimes in the short-term heavily grazed Ladang 2 farm
(Wilks” A=0.318, P>0.05). The concentration of heavy
metals in the soil was affected by grazing treatments soil
sampling depth (0-10 and 10-20 cm) and by interaction
between soil depth and treatment in the TPU catchment
(but not in Ladang 2 farm) (Table 3).

Table 3. Effects of cattle grazing on heavy metals concentration
in tropical pasture soil.

Study Treatment Effect Wilks’ A F P
area
Treatment 0.318 245 | 0.12
Short-term
Ladang heavy Depth 0367 | 1.97 | 0.18
2 farm ;
azin;
grazing | Treatment | 240 | 38 | 089
x depth

Treatment 0.210 11.41 0.0

TPU Long-term

catch- | moderate | PPt 0.170 | 15.05 1 0.0
t .
ment | grazmg | Treamment | 50, | 790 | 0.0
x depth
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Table 4. Effects of long-term moderate grazing by cattle on heavy metals concentrations (mg/kg) of pasture soils.

Treatment Soil depth (cm) Treatment x depth
HeaVly Non. SE* SE 0-10 10-20
metals 4 | Grazing 0-10 | 10-20 Non- | SE Non- | SE
graze Grazing Grazing
grazed grazed
Cd 0.045 0.069 | 0.016 | 0.073 0.042 0.017 0.10 0.045 0.016 | 0.037 0.046 0.02
Fe |399.76"* | 911.16" | 93.18 | 773.54" | 537.37° | 44.54 | 1113.16* | 413.92° | 91.11 | 689.15" | 385.60" | 48.63
Mn 1.95° 5.75° 2.01 5.26° 2.440 0.54 7.76" 2.75° 1.77 3.73 1.14° 1.09
Cu 0.31° 0.48° 0.07 0.45 0.34 0.07 0.61 0.29 0.08 0.34 0.33 0.06
Cr 0.28 0.34 0.10 0.25 0.37 0.10 0.26 0.23 0.09 0.41 0.32 0.11
Pb 0.37 0.59 0.25 0.52 0.44 0.17 0.62 0.43 0.23 0.56 0.31 0.20
Zn 0.001* 0.40° 0.09 0.28 0.13° 0.05 0.55 0.0° 0.08 0.26* 0.0° 0.07

*standard error

**Means in a row with unlike lower case letters significantly differ at P<0.05.

The concentrations of Fe, Mn, and Zn were signifi-
cantly affected (p<0.05) by long-term (33 years) moderate
grazing or soil depth and by the interactions between graz-
ing regimes and soil depth (Table 4). The concentrations of
Fe and Mn in surface (0-10 cm) soils of the grazed site
were 169 and 78.7% greater, respectively, than the surface
soils of the ungrazed site, and the concentrations of these
metals in the grazed site were 182 and 227% greater,
respectively, than the ungrazed site in subsurface (10-20
cm) soils. The Zn content in top and subsoils of the grazed
site varied from 0.55 and 0.26 mg/kg, respectively, to zero
in the same depth of the ungrazed site. The Fe, Mn, and Zn
concentrations were higher (P<0.05) in surface than sub-
surface soils. The Cu concentration in the soil was only
affected (P<0.05) by grazing, but not (P>0.05) by sam-
pling depth or the interaction between them. The Cu con-
centration for the grazed site was 54.8% higher than the
value for the control (Table 4). The concentrations of Fe
(399.76), Mn (1.95), Cu (0.31), and Zn (0.001) in the
ungrazed site were significantly lower than (P<0.05) their
concentrations in the long-term moderately grazed site,
which were 911.16, 5.75, 0.48, and 0.40 mg/kg, respec-
tively. In other words, Fe, Mn, Cu, and Zn concentrations
of the grazed site were 127.9, 194.8, 54.8, and 39,900%
higher, respectively, than the ungrazed site. The concentra-
tions of Cd, Cr, and Pb were not affected (P>0.05) by graz-
ing nor by the sampling depth or their interactions in the
long-term moderately grazed pasture (Table 4). The con-
centrations of Cd, Cu, Cr, and Pb in the top and subsoils of
the grazed site were greater, but not significantly, than the
top and subsoils of the ungrazed site. The concentrations of
all heavy metals were higher in the long-term moderate
grazed pasture than the ungrazed site, but not necessarily
statistically significant. The uppermost soil layer contained
higher amounts of metals compared with the lower layer
[23]. The concentrations of all heavy metals decreased
with an increase in soil depth, although not necessarily sta-
tistically significant (Table 4).

Heavy metal concentrations in the soil were not affect-
ed (P>0.05) by short-term (1.5 years) heavy grazing treat-
ment or by soil sampling depth (except Mn and Zn) or their
interactions (Table 5). In other words, there was no signifi-
cant difference at the 5% level between heavy metal con-
centrations in the soils of the short-term heavily grazed
farm and ungrazed sites. Only the concentrations of Mn and
Zn in the surface soil at 159.6 and 128.7%, respectively,
were greater (P<0.05) than the subsurface soil in this farm.
However, Fe, Mn, Cr, and Zn content in the surface soil of
the grazed site were greater, but not significantly, than the
surface soil of the ungrazed site in this farm (Table 5).

Discussion

The Council of the European Communities presented
maximum permitted concentration of heavy metals in
grassland soils [24]. In Malaysia, however, there are cur-
rently no soil quality reference values for heavy metals or
toxic metals [2]. Thus, it is necessary to establish maximum
limits (MLs) of heavy metals found in soils commonly used
for agricultural production in Malaysia [25]. The “investi-
gation level” of heavy metals for Peninsular Malaysia was
introduced in 2004 [2]. The recommended limits were
established to guarantee the sustainable development of the
natural environment [23]. Mean heavy metal concentra-
tions in the soils of the grazed pastures are listed in Table 6.
All values of heavy metals in the studied pastures were
below European Union legislated limits and the proposed
“investigation level” for Malaysia. The results offer an
obvious indication that the excreta from grazing cattle are a
significant source of heavy metals in the soil of pastures
under long-term grazing. However, the concentrations of
metals in the soil of pastures was maintained within the nor-
mal range and the level of metals in the soil was not high
enough to be dangerous from the toxicological point of
view in the TPU catchment, which had been grazed for
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Table 5. Effects of short-term heavy grazing by cattle on the heavy metals concentrations (mg/kg) of the pasture soils.
Soil depth (cm) Treatment x depth
Irj;ztl:l}s] ;;Iaozrgd Grazing | - SE* 0-10 10-20 S s N SE o2 SE
Grazing on Grazing Non-
grazed grazed
Cd 0.022 0.009 0.01 0.02 0.01 0.01 0.015 0.027 0.014 | 0.003 0.017 0.08
Fe 235.24 222.0 | 2936 | 257.22 | 200.00 | 39.56 27272 | 241.73 | 40.89 | 171.37 | 22875 | 27.48
Mn 3.20 2.78 093 | 431+ 1.66° 0.91 4.45 4.18 1.15 1.11 222 0.61
Cu 0.367 0.264 0.08 0.38 0.25 0.11 0.36 0.38 0.11 0.16 0.34 0.085
Cr 0.146 0.78 0.42 0.49 0.44 0.38 0.89 0.084 0.98 0.67 0.21 0.081
Pb 0.428 0.059 0.21 0.31 0.18 0.16 0.068 0.55 0.21 0.051 0.30 0.16
Zn 1.19 1.45 0.41 1.83¢ 0.80° 0.34 2.16 1.50 0.42 0.73 0.87 0.34

*standard error

**Means in a row with unlike lower case letters significantly differ at P<0.05.

more than 30 years. Thus, even those elevated values prove
that the studied soils should be included in the group of
uncontaminated soils [23]. The accumulation of heavy met-
als in the soil is one aspect of the sustainability of agro-
ecosystems that can cause problems if certain concentration
levels are exceeded [5, 26]. Therefore, prevention of the
accumulation of heavy metals to a hazardous level is one of
the prerequisites for sustainable agricultural production. It
seems that long-term moderate grazing intensity is sustain-
able only in terms of the accumulation of heavy metals in
the soil, but not in relation to metal bioavailability (uptake
by organisms) and chemical availability (leaching and
mobility) in the TPU catchment. However, the assessment
of sustainability of metals accumulation and cycle in agro-
ecosystems has to be carried out over time by using sus-
tainability indices [26].

The major sources of heavy metals in intensively man-
aged pasture soils are mineral lick blocks, supplementary
feed, animal manure and slurry application, mineral fertil-
izers, and weathering of parent materials [27, 28]. Although
quantifying the contribution of each source to the metal
content in the soil was outside the scope of this study, it

seems that the application of fertilizers has no significant
effect on the metal content of soils compared with other
sources in this study. As discussed earlier, the TPU catch-
ment ungrazed site had received more fertilizers than the
grazed site. If the application of fertilizers had a significant
effect, compared with other sources, a higher metal content
in the ungrazed site would be expected than in the grazed
site. High concentrations of heavy metals in grazed pasture
soils may be attributable to other sources, including miner-
al blocks and PKC consumption by cattle and discharge of
some parts of mineral nutrients to soils through defecation
and urination. The high content of Fe, Mn, and Zn in the
soils of the grazed site may be attributable to the high con-
centration of these elements in mineral blocks and PKC.
Regardless of grazing management, it should be noted that
the high concentration of Fe in the soils of both study areas
is associated with soil types in tropical regions that are
higher in Fe and Al content. Therefore, a high content of
this element in tropical soils is not necessarily due to
anthropogenic manipulation. These findings should be used
to initiate further investigation of the sources for the metals
in the pastures under cattle grazing.

Table 6. Heavy metals concentrations of the pasture soils compared with European [24] and Malaysian [2] maximum limits.

Soil depth Mean heavy metals concentration (mg/kg)
Grazing treatment
(cm) cd Cr Cu Fe Mn Pb Zn
Long-term moderate 0-10 0.10 0.26 0.61 1113.16 7.76 0.62 0.55
grazing 10-20 0.037 0.41 0.34 689.15 3.73 0.56 0.26
Short-term heavy 0-10 0.015 0.89 0.36 272.73 4.45 0.068 2.16
grazing 10-20 0.003 0.67 0.16 171.37 1.11 0.051 0.73
‘Investigation level” for Malaysia 0.300 60.00 50.00 NA NA 65.00 95.00
EU limits (pH <7.0) 1.00 100.00 50.00 NA NA 50.00 150.00

NA — Not Available
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As Table 4 shows, heavy metal concentrations in the sur-
face layer of the grazed pasture soil were significantly high-
er than the same depth in the ungrazed pasture soil. The effect
of livestock grazing on soil chemical properties tends to be
confined to the upper layers of soil, within 0-10 cm of the soil
surface [29, 30]. Though the rooting depth of various grass
species differs, the majority of grass roots generally occur in
the top 12 cm of the soil [31, 32]. Consequently, the avail-
ability of metals for grass roots is increased in surface layer
[12, 35]. As a result of long-term grazing, heavy metal con-
centrations in grass tissues may increase [7].

The results indicate that short-term heavy grazing by cat-
tle has no significant effect on the heavy metal contents of
pasture soils. The above results do not provide clear evidence
that grazing cattle waste is a significant source of heavy met-
als in pasture soils in the short-term. Dairy cattle sludge for
1-4 years (short and medium term) had no significant effect
on the heavy metal concentrations in the soils [7].

Conclusions

It can be concluded that long-term cattle grazing has a
significant effect on heavy metal concentrations in soils in
intensively managed pastures. However, short-term (1.5
years) heavy grazing does not lead to a significant accumu-
lation of heavy metals in the soil of intensively managed
pastures. The effect of livestock grazing on heavy metal
concentrations was almost limited to the surface layer (0-10
cm depth) of pasture soils in which metal concentrations
were significantly greater than the ungrazed pasture. The
study shows that all the trace elements measured are still
below the maximum limit (above which the soils are likely
to be contaminated). Thus, the evidence for contamination
by heavy metals in the soil by livestock grazing is not clear.
However, monitoring of the current environmental quality
of pasture soils in terms of heavy metal accumulation should
be done continuously to make sure that the levels remain
low. Moreover, it is necessary to take into account that cat-
tle manure and slurry are applied to pastures periodically,
and metal accumulation occurs gradually and continuously
over time; this brings about increased biotransfer to vegeta-
tion, animals and, finally, to humans. Therefore, it is impor-
tant to regulate the management and application of metal-
rich slurries, by both decreasing the quantity of trace metals
supplied to cattle and the fertilizing application rates, which
in most cases are not regulated [28]. Despite the potential
impact of year-long livestock grazing on the heavy metal
content of soil in intensively managed pastures, this subject
has received limited attention to date and, consequently, lit-
tle is known about the effects of free grazing on the metal
content of soil in intensively managed pastures. This study
was carried out as an attempt to answer such questions.
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Nomenclature

DM — Dry Matter
PKC - Palm Kernel Cake

MLs — Maximum Limits

NA  — Not Available

SE — Standard Error

EU — European Union

TPU - Taman Pertanian Universiti
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