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Abstract: The aim of the present work is the feasibility study of the application of feedlots manure on the
growth and Cu and Zn enrichment of forage species for animal feeding. Pot experiments were performed by
employing the forage species, Lolium perenne (“perennial ryegrass”) and Trifolium repens (“white clover”)
and the fertilization was conducted with cattle manure coming from feedlots (IS) and extensive production
systems (ES). The experiment results revealed an increase in dry matter yield (DMY) and all morphological
parameters analyzed in pots fertilized with feedlot manure in comparison with controls (p value< 0, 05; except
for root length in T. repens p value=0.0752). Besides, the addition of feedlot manures increased Cu and Zn
concentration in aerial plant biomass at first harvest for both forage species studied. We concluded that feedlot
manure provides soluble forms of Cu and Zn when applied as organic amendments reflected in an increased
of both metals in forages tissues that could satisfy animal requirements if they are consumed at early
development stages. This in turn contributes to reduced environmental impact caused by the accumulation of
excreta during long periods in farms.
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INTRODUCTION sediments from the drainage canalizations in feedlots

The application of beef cattle manure to soils as have resulted in elevated concentrations of metals in
organic fertilizer is an agricultural practice that is widely soils, mainly Cu and Zn [4].
used and one of the most common forms of waste According to the prevailing agronomic knowledge,
disposal. Manure has high organic matter content and most heavy metals present in soils are chemically
provides essential nutrients for pasture crops (including nonreactive and their mobility is considered to be low [5].
nitrogen (N) and phosphorus (P); hence, it has the Sequential extraction methods have been used to
potential to enhance soil structure and productivity [1, 2]. quantitatively estimate trace elements in different chemical

Confined cattle production systems use feed which forms that strongly affect their mobility, reactivity and
incorporate core minerals whose basic components are Fe, availability to plants [6]. In this technique, the soil is
Se, I, Mn, Co, Cu and Zn. An increase in metal subjected to a series of chemical reagents of increasing
concentration in animal feed have often resulted in a reactivity, with phytoavailability and mobility of trace
corresponding increase in the respective manure metals decreasing in the order of the sequential extraction
concentration [3]. Copper and zinc are present in some step. In this way, the amount of trace elements extracted
manure in amounts which, when used as amendments, from the more bioavailable fractions gives an idea of the
could significantly contribute to their concentration in size of the pool that might be depleted by a plant during
soils. In previous works, trace metals in manure, soils and the growing period [7].

systems in Argentina were analyzed. Metal-enriched feces
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Application of feedlot manure to soil can modify the from one cattle extensive system (grazed manure: ES)
bioavailability and mobility of trace metals and promotes without supplementation were collected. In each system,
changes in pH and organic matter content that can affect 30 manure subsamples of 0.5 kg were obtained with a plain
trace metal intake by plants. Trace elements bind primarily shovel avoiding soil incorporation. Subsamples were
to the organic matter in organic amendments, so it is mixed and the final sample (1 kg) was preserved at 4°C
expected that metal availability will increase as organic into double plastic bag, dried in air and sieved (2 mm). Soil
matter decomposes [8]. In addition to this, trace metals and manure samples were characterized by extractable
uptake by plants through their roots depends not only on phosphorus (Bray-Kurtz method), pH (1:2.5 soil water
the amount of trace elements present in available forms, or ratio), organic carbon (OC, Walkley-Black method) and
the ability of the plants to transfer the metals across the total Kjeldahl nitrogen (TKN, Microkjeldahl method).
soil–root interface, but on the soil chemical processes that Moreover, electrical conductivity (EC), cation content
occur as a result of root activity as well [9]. In previous (Ca , Mg , Na  and K  by Atomic Absorption Method),
works, satisfactory correlation has been observed cation exchange capacity (CEC, Steam-Distillation
between the labile fraction determined by sequential Method) and clay content (Bouyoucous method) were
extraction and Cu and Zn contained in plant of ryegrass determined. Detailed description of these methods can be
and subterranean clover [10]. However, Torri and Lavado found in Sparks [18].
[7] concluded that the most available fractions obtained
by  sequential  soil extraction did not provide the best Total Content and Fractionation of Soil and Manure
indicator of Cu and Zn availability for Lolium perenne. Samples: Total concentration of Cu and Zn were

It has been shown that nutrients contained in determined in soils and manures samples by atomic
amendments increase plant biomass [11, 12] and yields emission spectrometry (ICP-OES Optima 3000 DV, Perkin
[13]. However, such organic amendments introduce trace Elmer) using an external calibration with Quality Control
elements, which may be toxic to both plants and animals; Standard 21 (Atomic spectroscopy standard, Perkin Elmer
and can cause, changes on morphological and grow plant Pure 100 mg liter ) following a microwave assisted acid
parameters [14–17]. The nutrient contents and factors digestion (Microwave 3000, Anton Paar; EPA Method
influencing the nutritive value of forage have an important 3051A). The sequential extraction scheme proposed by
role in animal feeding. Therefore, the use of feedlot McGrath and Cegarra [19] was used to partition Cu and
manure, as an organic fertilizer, could represent an Zn  in  soils and manure samples into several fractions.
environmentally friendly way of disposing these organic The fractions were defined as (1) EXCH: water-soluble
wastes  and  simultaneously  contributing  to enhance the and exchangeable fraction, extracted by 0.1M CaCl ; (2)
forage composition in areas deficient in micronutrients. organic matter (OM) bound fraction, extracted by 0.5M

The aim of the present research was to study the NaOH; (3) inorganic fraction (INOR), extracted by 0.05M
application of feedlots manure on the growth and Cu and Na EDTA; and (4) residual fraction (RES) calculated as
Zn enrichment of pastures for animal feeding. the difference between total content of the metal

MATERIALS AND METHODS fractions (EXCH + OM + INOR). At the end of each

Soil and Manure Sampling: Representative soils samples for  45 min  and  filtered  through  filter  paper Wathman
of a Mollisol (U.S. Soil Taxonomy) of the Pampas Region, N° 42. Because NaOH and Na EDTA reagents also
Argentina were taken. The soil sampled in Tandil extracted  organic  matter,  the supernatant was digested
(Province of Buenos Aires, Argentina; Lat 37° 19’ 55'' S, in aqua regia (HNO /HCl 1:3) prior to metal quantification.
Long 59° 02’ 25'' W) was classified as Typic Argiudoll. Cu and Zn were also determined by atomic emission
Composite soil samples (20 sub samples, 0–10 cm depth) spectrometry (ICP-OES).
were collected from fields with no previous history of
fertilization or contamination and were thoroughly Pot Experiment: Polyvinyl chloride (PVC) pots with a
homogenized, air dried and passed through a stainless- capacity of  2.5 liters, 17 cm in diameter and a height of
steel sieve with 2-mm mesh size. Additionally, 14.5 cm were filled with 1.5 kg of sampled soil. The
homogeneous samples of bovine manure obtained from experiment included three fertility treatments: pots
two beef cattle intensive systems (feedlot manure: IS) with fertilized with manure coming from two different intensive
different animal stock and feed rations alongside manure cattle  systems  (with  different  feed  rations supply), pots

2+ 2+ + +
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previously determined and the sum of the extracted

extraction, soil suspensions were centrifuged at 3600 rpm
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with extensive cattle manure and a control (without of Cu and Zn did not fit the normal distribution and
amendment). Pots were fertilized on the top, at 250 kg homogeneity of variance (Shapiro–Wilk, p < 0.05; Levene,
TKN/ ha considering that excreta had 2.0 TKN/ 100 g p < 0.05). Therefore, nonparametric statistics were used to
manure samples (it was the same for the three sources compare variables among different fertilization treatments.
tested).  Three  reactors  were  used  for   each  treatment Kruskal-Wallis test was carried out to compare the means
(3  treatments  ×  3  replicates  =  9  pots).  In  addition, of all variables analyzed of different treatments. Statistical
three reactors without any fertilization were used as a analysis was done with INFOSTAT software. To ensure
control. Seeds of L. perenne (“perennial rye grass”) and that differences in biomass production of white clover
T. Reppens (“white clover”) were sown in each pot among different treatments did not confound any spatial
separately. Crop density was 100± 20 seeds /m  with an patterns in the concentration of Cu and Zn, the effect of2

average germination rate over 95%. The plant experiment dry matter produced on the concentration of those trace
was carried out in an open field exposed to natural elements was examined using analysis of covariance
conditions: temperature, 12 - 15°C, mean relative humidity, (ANCOVA, dry matter yield was used as co-variate).
67%; and a photoperiod of 11:24 to 12:42 hours: minutes ANCOVA is robust to violations of the assumption of
(data  from  meteorological   bulletin   of  Institute of homogeneity of variance [21].
Plains Hydrology "PhD. Eduardo Usunoff", Tandil,
Province of Buenos Aires, Argentina). Soil moisture was Reagents: All reagents were of analytical grade. Working
maintained at c.a. 80% of water holding capacity (WHC) solutions were prepared by appropriate sequential
by checking daily weight changes and adding distilled dilution of commercially available multielements stock
water.  The  sowing  date  was  August  the 28  2012 and standard solutions (Perkin Elmer, Atomic Spectroscopyth

L. perenne and T. Reppens were harvested 30 (1° harvest) Standard N° 9300281) using ultrapure water provided by
and 90 (2° harvest) days after sowing, by cutting the a Milli-Q water purification System (Millipore, Bedford,
forage above 5 cm of the soil surface. The harvested MA,  USA).  Certified  reference materials for verification
forage was oven dried at 72°C for 72 h until constant dry of the calibration procedure and validation of the
weight. analytical method were used for each type of studied

Plant Analysis: Aerial plant tissue was weighed for used (NWRI) and for forage, NIST-1570a, from the
biomass assessment and further processed for chemical National Institute of Standards and Methods (NIST), was
analysis  by  grinding  in  a  stainless-steel  mill to pass a used.
2-mm sieve. Samples were placed in paper bags and dried
in an oven at 65°C until constant weight to remove RESULTS AND DISCUSSION
moisture added during grinding and handling of the
samples. As the above-ground parts of the plants are Soil and Manures Chemical Properties and
more relevant to grazing animals, root studies of the Characteristics: Physicochemical properties for soils and
plants were excluded in this research. Aerial tissues of cattle manure from intensive and extensive systems were
first and second harvest (0.5 g) were digested using a summarized in Table 1. Control soil was silt, slightly
mixture of HNO and HClO  (3:1 v/v) [20]. The extracts acidic, with values of EC (0.1 dS/m) and organic carbon3 4

were analyzed for Cu and Zn by ICP-OES. In all cases, content (OC 28 g/kg) coincident with previously
tests were performed in triplicate with a relative error of published results found in Tipic Argiudoll soils in pampas
less than 1%. region [7, 22]. It had good availability of P (33.3 mg/kg)

Additionally, at first harvest (30 days after sown), and moderate levels of N. Manure samples coming from
whole plant samples in triplicate were harvested of feedlots (IS I and IS II) showed considerably higher levels
randomly selected pots of each treatment for non- of total organic carbon (225 - 316 g/kg) , TKN (1.6 - 1.8%)
destructive  estimation  of   root   and   shoot  lengths and extractable phosphorus (139.7 - 144 mg/kg) in
(from the base of the stem to the apex thereof), number of comparison to soil. In contrast to the values obtained for
leaves, diameter at cut height (only for L. perenne) and the soil sample, the manure showed pH values slightly
leaf area (only for T. repenns). alkaline and higher values of EC.

Statistical Analysis: All results were reported as the Total and Soil Fractionation of Cu and Zn in Soils and
median of three replicates for each treatment. The means Manure Samples: Levels of Cu and Zn in control soil
values of biomass, growth parameters and concentrations were  in agreement with the average concentrations found

®

matrices. In the case of soils, WQB CRM-3 and HR-1 were
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Table 1: Physical-chemical characteristics from 0-10 cm of sampled soils and beef cattle manure coming from extensive (ES) an intensive (IS) production system
Parameter Soil ES IS I IS II
pH 6.5 7.3 7.8 7.6a

EC  (dS/m) 0.1 nd 0.6 2.2b

Ext. P  (mg/kg) 33.3 nd 139.6 143.1c

OC (%) 2.8 24.2 29.6 22.5d

TNK  (%) 0.2 nd 1.6 1.6e

Ca  (cmol/kg) 16.9 nd nd ndf

Mg (cmol/kg) 2.2 nd nd nd
Na (cmol/kg) 0.2 nd nd nd
K (cmol/kg) 1.5 nd nd nd
CEC  (cmol/kg) 26.0 nd nd ndg

Total Metal
Cu 8.8±0.1 16.6±0.3 59.2±0.9 22.5±0.4
Zn 47.7±1.2 65.4±5.6 214.2±1.7 162.4±4.2
pH measured potenciometrically in a 1:2.5 soil water ratioa

Electrical conductivity measured b

Extractable phosphorus by Bray-Kurtz methodc

Organic carbon measured by Walkley-Black methodd

Total Kjeldahl nitrogen measured by Microkjeldahl methode

Cation content measured by Atomic Absorption Methodf

Cation exchange capacity measured by Steam-Distillation Methodg

Detailed description of these methods can be found in Sparks (1996). nd: no determined.

Table 2: Total concentration and distribution of Cu, Zn, Co and Mo (in mg/kg) in control soil and manure coming from intensive and extensive confined
livestock systems among different sequential fraction. In brackets: distribution of Cu and Zn in different sequential fraction as a percentage of total
content

Unamendment soil ES IS I IS II
EXCH -Cu nd 0.1 (0.7%) 1.9 (3.3%) 1.5 (6.9%)
OM - Cu 3.2 (36.4%) 2.2 (13.2%) 22.9 (38.6%) 11.5 (51.2%)
INOR - Cu 1.2 (13.6%) 5.1 (30.7%) 7.7 (13.1%) 3.2 (14.1%)
RES - Cu 4.4 (50 %) 9.2 (55.4%) 26.7 (45.1%) 6.2 (27.7%)
Total Cu 8.8±0.1 16.6±0.3 59.2±0.9 22.5±0.4
EXCH -Zn 0.3 (0.6%) 1.4 (2.2%) 4.2 (2.0%) 7.1 (4.4%)
OM - Zn 3.7 (7.8%) 8.3 (12.7%) 54.0 (25.2%) 41.3 (25.4%)
INOR - Zn 4.8 (10.1 %) 8.5 (12.9%) 19.3 (9.0%) 35.4 (21.8%)
RES - Zn 38.9 (81.5%) 47.3 (72.3%) 136.6 (63.8%) 78.6 (48.4%)
Total Zn 47.7±1.2 65.4±5.6 214.2±1.7 162.4±4.2
Fractions: water-soluble and exchangeable fraction (EXCH): CaCl  0.1 M; organic matter bound fraction (OM): NaOH 0.5 M; inorganic precipitate fraction2

(INORG): Na EDTA 0.05 M; residual fraction (RES): Total - (EXCH + OM+ INOR)2

in pampas soils (Table 2) [23] and within the expected The highest percentage of Cu and Zn in control soil
range for uncontaminated soils (Cu: 1-50 mg/kg; Zn: 1-900 was found in the residual fraction (Cu-RES: 50%, Zn-RES:
mg/kg) [24]. Concentrations of Cu and Zn found in excreta 81.5%). It is important to emphasize that the residual
coming from IS were higher than those found in cattle fraction is related with the unavailable forms of trace
manure coming from ES and control soil. Despite this, it elements, because they are incorporated inside crystalline
did not exceed the maximum limits recommended to apply lattice  and  clays  structures  of  soil. In addition to this,
in  agriculture  for  sediments and sludge (Cu 100 mg/kg, Cu was recovered with higher percentage in the organic
Zn 500 mg/kg, values according to regulations from the matter-bound fraction (Cu-OM: 36.4%). Unlike Cu, we
Argentine Hazardous Residues Law [25]). It was determined Zn-EXCH or soluble forms in control soil
presumed that the concentrations found were reflecting sample.
these metals concentrations in the feed consumed by Cattle  manure  from feedlots showed a higher value
livestock [26, 27]. The main source of trace elements is the of the exchangeable fraction for Cu and Zn in comparison
mineral core added to the feed which conditions the total to those  from  extensive  systems  and  control  soils.
content and physicochemical forms of trace element in This result highlights the contribution of labile forms of
manure. trace  elements  to soil when these manures are used as an
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Table 3: Variations in different morphological characteristics determined at first harvest (30d) of Trifolium Repens and Lolium Perenne grown in unamended
and soils treated with cattle manure coming from ES, IS I, IS II.

Treatments
------------------------------------------------------------------------------------------------------------------------------------------------
Unamended ES IS I IS II 
---------------------- ------------------------ --------------------- ---------------------

Parameters Mdn Rank Mdn Rank Mdn Rank Mdn Rank p
Trifolium Repens
Root length (cm) 5.9 2 8.6 8.6 8.8 8.3 9 9.9 0.07
Shoot length (cm) 2.5 2 a 7.2 5 ab 11.4 10.5 b 11.1 10.5 b 0.01
Leaf area (mm ) 25.3 2 a 90.3 5 ab 222.5 11.6 c 191.3 9.4 bc 0.012

Leaf number (plant ) 3.3 2 a 5 6.6 b 4.2 8.6 ab 4.3 12.7 b 0.011

Lolium Perenne
Root length (cm) 5.8 3.7a 6.2 4.3 ab 9.7 12 c 9.1 11 bc 0.01
Leaf number (plant ) 5.5 3a 6.7 5.3 ab 14.5 11.2 b 14.3 11.7 b 0.011

Plant height (cm) 11.5 3.1a 15.7 5.8 a 19.1 9 ab 20.5 13.5 a 0.008
Wide cutting height (mm) 2.7 2.8a 3.2 5.7 ab 3.7 10.6 bc 3.9 12.4 c 0.008
All values are represented as median (Mdn) and rank (n=3). p: p-values of Kruskal-Wallis test. Ranks with a common letter did not differ (p> 0.05).

Table 4: Dry matter yield (g pot ) and total Cu y Zn concentrations (µg/g) in aerial biomass obtained at first (30 days) and second harvest (90 day) for Lolium1

Perenne and Trifolium Repens.
Treatments
------------------------------------------------------------------------------------------------------------------------------------------------
Unamendment soil ES IS I IS II
---------------------- ------------------------ --------------------- ---------------------

Metals (µg/g) Days Mdn Rank Mdn Rank Mdn Rank Mdn Rank p
Lolium Perenne
Cu 30 5.2 1.5 9.7 5.0 14.9 6 9.9 8 0.106

90 12 7.7 9.1 4.0 9.3 6.7 8.3 5.0 0.651
Zn 30 67.7 4.5 93.0 6.0 95.4 6.3 72.2 5.0 0.925

90 86.4 7 71.3 5 56.1 3 53.5 3 0.381
Yield (g/ pot) 30 0.1 3.5 a 0.1 4.7 ab 0.6 15 c 0.5 12 bc 0.004

90 0.3 5 ab 0.2 2.7 a 1.1 16.2 c 0.8 12.1 bc 0.002
Trifolium Repens
Cu 30 3.0 2.5a 1.7 2.5a 14.7 6ab 11.7 9b 0.002

90 6.3 3.5 7.1 4.7 8.1 5.5 9.6 7.67 0.523
Zn 30 45.6 3.5 ab 15.7 1.5 a 84.3 6.7 ab 80.3 8.3b 0.013

90 41.6 2.5 55.6 6.0 63.2 7.0 52.3 5.5 0.493
Yield (g/ pot) 30 0.1 2a 0.5 5.7 ab 0.8 9.7 bc 1.1 15c 0.003

90 0.2 1.5 a 0.9 7.7 ab 1.1 13.8 b 1.0 10.1ab 0.049
All values are represented as median (Mdn) and rank (n=3). p: p-values of Kruskal-Wallis test. Ranks with a common letter did not differ (p> 0.05).

organic fertilizer. Cu content, in IS cattle manure samples, for  L. perenne  and  T.  reppens.   Fertilization   response
was similarly distributed in all fractions, observing a to  ES  excreta  respect  control  soil was considerably
predominance of Cu-OM (38.6 – 51.2%). Zn was highly lower (Table 4). Forage DMY from pots treated with IS
recovered as RES (48.4 – 63.8 %), although the excreta overcame (p <0.05) those from soils fertilized with
percentages recover in Zn-OM and Zn-INOR fraction ES and control.  On  the  other  hand, no significant
were higher respect unamendment soil (Zn-OM: 25.2 – differences (p> 0.05) between the average grams of dry
25.4%; Zn-INOR: 9.0 – 21.8%). In general, the metal matter  values  in  control  soils and fertilized with
distribution between EXCH, OM and INORG fractions extensive excreta as well as the average values obtained
were higher in manure samples from IS compared to ES for the soils fertilized with excreta from IS I and II were
and soil. Values of Cu-OM and Zn-OM from IS manure determined.
were considerably higher than those found in soil and ES At second harvest (90 d after sown), L. Perenne
manure. This can be attributed to the higher total organic DMY  (g/ pot)  was  higher  (p  <0.05)  in pots fertilized
carbon content of IS manure and the metal-complexation with  IS  cattle manure  than   in  control  soils  and  ES.
with organic C-based ligands. For T. Reppens, all fertilization treatments induced

Dry Matter Yield (DMY): At first harvest (30 d after when compared against control soils without fertilization,
sown),  DMY  (in g/  pot)  were higher in pots fertilized though the unique clear cut difference (p <0.05) was
with IS cattle manure than in controls without fertilization detected when comparing IS I with control soils.

positive responses in plant biomass (plant yield in g/ pot)
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The positive response to fertilization in DMY in both from 27.7 to 32.4 µg/g. Plants with less than 20 µg/g of Zn
harvests was mainly due to the contribution of (dry basis) are deficient in this element; normal values in
macronutrients, such as total Organic Carbon, Nitrogen plants are in the range of 25 to 150 µg/g [22]. For normal
and Phosphorus of excreta [28]. It is also worth noting, growth,  forages  have relatively low requirements for Cu
that increased plant yield could have been underpin by an (5 to 20 mg/kg), < 4 mg/kg is considered deficient and
improvement in physical and biological properties of the more  than  20 mg/kg  is  considered   toxic   for  some
amended soils, as well as a contribution of rhizosphere crops   [35].    In    Argentina,   concentrations   between
aggregate stability sustained by beneficial microbes [29]. 3.8 and 8.5 mg/kg of Cu have been reported in natural

Estimation of Morphological Parameters at First Harvest province [34].
(30 d): In L. Perenne, root length, leaf number and width At first harvest (30 days after sown), despite no
cutting height were higher (p <0.05) in pots fertilized with significant differences (p value= 0.11) were obtained
excreta coming from IS I and II compared to control soil (probably due to de low replicate number of samples),
without fertilization. Plant length was significantly higher aerial tissue Cu concentration of L. Perenne showed a
(p <0.05) in soils fertilized with excreta coming from IS II slight increase for all amended soils in comparison with
compared to control soil and also to pots fertilized with control ones. Zn concentrations found were similar for
excreta  coming  from   ES.   Non-significant  differences soil fertilized with ES and IS I treatments and almost 50%
(p> 0.05) were observed between unfertilized and fertilized higher than the unamendment soil.
soil with excreta coming from ES as well as between soil Due to the variation obtained of DMY at the first
fertilized with excreta from IS I and II for all growth harvest for T. Repens, a covariance analysis (ANCOVA,
parameters studied. with grams of DMY per reactor as co-variable) was

For T. Repens, shoot length and leaf surface in soils applied in order to assess the effect of DMY content per
treated  with  excreta  coming  from  IS  I and II overcame pot (g) in the concentration of Cu and Zn obtained in the
(p <0.05) those from control ones. For leaf number, pots aerial biomass. The DMY content showed a significant
treated  with  ES  and  IS II excreta showed higher values correlation (p <0.05) with Cu and Zn leaf concentrations
(p <0.05) in comparison with unamendment soil. Values (data not shown). 
obtained from root length did not showed significant Best  responses  to  fertilization  were   obtained  for
differences (p >0.05) among treatments. T. Repens in comparison with L. Perenne. Cu

Plant growth responses to different fertilization concentrations in aerial biomass of forages grown in soil
treatments were highly dependent on the species, the fertilized with excreta coming from IS II were higher than
source and the quantity of organic amendments utilized. forage from control soil (p< 0.05). Additionally, Zn
[30-32]. Instead our results are probably related to an concentrations determined in plants growing in soil
increase of soil pH and the greater supply of organic treated with IS II cattle manure were significantly higher
matter, macro-nutrients and trace elements. Different (p< 0.05) respect soil fertilized with ES excreta. It is
responses obtained in plant growth parameters could be important to point out the increase in Zn concentration in
also related to changes in electrical conductivity and approximately 50 % in soils fertilized with IS I and II
nutrients bioavailability modification induced by the excreta with respect to control soil without fertilization.
application of different organic amendments, as well as As mentioned in section 3.2, beef cattle manure
the different forage species used in the pot experiment coming from feedlots showed higher Cu and Zn total
[33]. concentration than cattle manure coming from extensive

Cu  and  Zn  Concentration  in  Aerial  Plant  Tissues of sequential extraction showed higher soluble and
L. perenne and T. Repens: Levels of Zn found in fertilized exchangeable proportions of Cu and Zn in feedlot manure
and control treatments were within normal range values
for both forage species (Table 4), being at first harvest Cu
concentration for control pots near the lower limit for
ryegrass (5.21 µg/g) and below the range considered
normal  in  the  literature  for white clover (3.04 µg/g) [24].
In Argentina, Lavado [34] reported Zn levels in vegetation
of natural grasslands from 35.6 to 42.5 µg/g and in forage

grassland or cultivated pastures of Buenos Aires

production systems and control soil. Additionally,

in comparison to the manure from extensive systems and
control soil. These results suggested that beef cattle
coming from feedlots (IS I and II) may increase labile and
other available Cu and Zn fractions (like bound to organic
matter and carbonates) in treated soils. These fact has
been already observed when organic amendments are
applied to soil [7, 10, 36].
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In the second harvest (90 days after sown), Cu CONCLUSIONS
concentration in aerial biomass for L. Perenne (“perennial
ryegrass”) in fertilized pots did not change compared to
the control. In addition, lower Zn concentrations were
observed in pots fertilized with intensive excreta than
control ones. For T. Reppens (“white clover”) Cu
concentration in pots fertilized with excreta from IS was
slightly higher respect to control soil. Statistical analysis
for Cu and Zn concentrations for both forage species did
not reveal any significant differences (p> 0.05) for each
treatment applied in comparison with control pots. In this
way, excreta from intensive and extensive cattle
production systems had no effect on the concentration of
the trace metals analyzed respect to controls at longer
harvest times.

A Wilcoxon test for paired samples was performed to
compare Cu and Zn concentrations determined in aerial
biomass for each treatment between the first and second
harvest (data not shown). There weren’t significant
differences between the concentrations obtained at first
and those at second harvest for each treatment in both
forage species. Although results showed at the first
harvest increased Cu and Zn concentrations in pots
fertilized with excreta coming from feedlots in relation with
control pots, variations found between concentration in
the forage biomass between first and second harvest were
not statistically evidenced.

Root exudates can influence the behavior of nutrients
and trace metals in soils, enhancing or reducing their
long-term availability directly by affecting acidification,
chelation, precipitation and redox reactions, or indirectly,
through their effects on the microbial activity, physical
and chemical properties of the rhizosphere and the root
growth pattern [37, 38]. The depletion or accumulation of
trace metals will depend on their rate of absorption by
plants / microorganisms or the modification of rhizosphere
chemistry, e.g. acidification-alkalinization, desorption-
adsorption,  phenomena  of dissolution-precipitation [9].
In addition, several studies reveal that experimental
growth conditions used could modify bioavailability in
trace metal soils and the dynamics of absorption by plants
and rhizosphere-plant dynamics (e.g. hydroponic
cultivation, potting soil). All of these facts could explain
the great variability obtained in the concentrations of
trace  metals  (Cu and  Zn)  in  plant   aerial   biomass  in
L. perenne and T. reppens that have been grown on soils
treated with excreta coming from different types animal
production systems at longer harvest times.

Our experiment showed an increase of Cu and Zn
concentration in aerial biomass for perennial ryegrass and
white clover treated with feedlot manure in comparison
with control pots at first harvest. This fact could be
explained by the higher total content and the contribution
of labile forms of those metals determined in excreta
coming from feedlots. The application of cattle manure as
an organic amendment could induce changes in
rhizosphere (soil pH, redox potential organic matter
content) and modify the bioavailability of the metals
added. In addition the different stages of growth of both
forage species may modify their metal uptake. These facts
could explain the variability of the results found at longer
harvest times.

These results are a first approximation in our country
to the possible use of excreta from intensive production
systems as a source of micronutrients for implanted
forages. Excreta provide basic nutrients in available forms
to the soil, increasing crop yield in natural grassland and
cultivated pastures. In this sense, cattle manure coming
from intensive production systems provide soluble forms
of Cu and Zn when applied as organic amendments that
reflected in an increase of both metals concentrations in
forages tissues at short time of harvest. In this way, the
use of intensive cattle manure as an organic amendment
could provide Cu and Zn levels in forage species that
could satisfy animal requirements if they are consumed
early developments stage (first harvest). Additionally, the
reuse of intensive cattle manure as an organic fertilizer
could reduce the environmental impact caused by the
accumulation of excreta during long periods in the farms.
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