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Abstract

Urochloa brizantha (synonymous of Brachiaria) is the most spread species of grass in the tropical
world, primarily in regions with acid and low fertility soils. This study was conducted to investi-
gate changes in the soil chemical properties of a Typical Acrudox submitted to a strategy of graz-
ing with rotational stocking, liming and nitrogen fertilisation. Treatments involved combinations
of two pre-grazing heights (25 and 35 cm) with two rates of nitrogen (50 and 200 kg-ha-1-year-1).
All combinations received lime, P and K fertilization and an untreated control group was allocated
according to a complete randomised block design, five replications. Soil sampling was done in
layers of 0 - 5, 5 - 10, 10 - 20, 20 - 30 and 30 - 40 cm deep in pastures of U. brizantha Marandu
(Palisade grass). The samples were analysed for pH, H* + Al3+, soil organic matter (SOM), P, K+, Ca2+,
Mg?2+, exchangeable and calculated CEC, BS% and aluminium saturation. Liming and fertilisation
improve the soil fertility. The highest organic matter contents were obtained for the 0 - 5 cm layer,
with a nitrogen fertilisation of 200 kg:N-ha-1. The management practice for the pre-grazing height
of 25 cm, regardless of the nitrogen, is the best strategy for soil quality and livestock production.
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1. Introduction

Brazil’s extensive system of beef production relies on the use of forage plants adapted to different climate and
soil conditions. Grasslands occupy about 174 million hectares of Brazilian territory, and approximately 60% of
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them experience some level of degradation. The livestock sector uses forages as its main source of food for cat-
tle, 70% of which belong to the genus Urochloa (before classified as Brachiaria). Urochloa brizantha (Hochst.
ex A. Rich.) cv. Marandu (Marandu grass) is now very important in Brazil and is grown on 70 million hectares
[1]. This grass is the principal diet for approximately 95% of animals slaughtered in Brazil, which has resulted
in reductions in the production costs for the cattle industry in comparison to grain-based systems.

Pastures are primarily grown in Oxisol soils and are commonly exploited as extractive in agriculturally unfa-
vourable soil, which is justified at least in part by the low productivity and profitability of beef cattle. Such pro-
duction systems rarely use fertilisers, which, particularly in the maintenance phase of grassland, exacerbate the
problem of the soil’s low natural fertility.

These soils are mostly acid and deficient in phosphorus, and contain aluminium, which is toxic for plants. The
greatest harm to plants in acid soils is caused by the presence of toxic amounts of Al and Mn and by lack of Ca
and/or Mg. At low pH levels, soil P availability, organic matter and microorganism activity are also adversely
affected but assume less importance because these problems can be overcome by applying larger amounts of
those nutrients and N. Deficiencies of Ca and Mg are also solved by applying lime. The main problems in acid
soils can then be summarised by the phytotoxicity of Al and Mn.

The best yield is achieved when lime applications are combined with phosphate fertilisation in pasture systems
[2]. There are many other approaches to increasing productivity per hectare, such as new grass cultivars, for
example U. brizantha x U. ruziziensis artificial hybrids, which are Al-resistant and tolerate high grazing pressures
and enable higher stocking rates per hectare [3]. These technologies are innovative options for improving yield,
with their basis in recovering P-use efficiency. There are additional yield-based or financial benefits that justify
fertilisation at lower critical levels, such as those for P. Another important cause of low productivity in Brazilian
pastures is nitrogen deficiency [4]. Studies have shown that the annual deficit of nitrogen in tropical grass pas-
tures that are not fertilised ranges from 60 to 125 kg-ha * [5]. However, the potential of these soils is elevated if
the limitations are corrected. Nitrogen is the primary nutrient to be supplied for properly recovering degraded
pastures or preventing their degradation, which increases the biomass of the grassland and stocking rates [6] [7].

The grazing animal is an important tool in the nutrient cycle. Although it has been suggested that rotational
grazing (as opposed to continuous grazing) can reduce camping effects, there is little evidence that increasing
the frequency of rotational grazing there are some other benefits on the distribution of nutrients in paddocks [8].
Paddock subdivision, or rotational grazing, can improve the distribution of excreta. Although the distribution of
nutrients across the farm is also unusual, it is most associated with regular patterns of stock movement. In this
particular case, paddock subdivisions promote the regular distribution of nutrients. The stocking rates that con-
sider the morpho-physiological characteristics of grasses enhance and improve the utilisation of the pasture. For
Marandu grass in rotational grazing, it is recommended that the pre-grazing height (height of the pasture before
grazing) should be 25 cm (equivalent to 95% light interception by the canopy) and that the post-grazing height
(height after grazing) around 15 cm [9].

This study aimed to evaluate the changes in soil chemical attributes of a Typic Acrudox soil that was submit-
ted to rotational stocking grazing and a liming and a nitrogen fertilisation strategy in a pasture of Urochloa bri-
zantha cv. Marandu.

2. Materials and Methods
2.1. Study Site Description

This study was carried out from 15 January 2009 to 15 March 2010 at the Institute of Animal Science and Pas-
tures (1Z) at Nova Odessa, Sdo Paulo State. The 1Z’s experimental area is located in Nova Odessa county, SP
(22°42'S, 47°18'W and 528 m altitude). According to the Képpen system, the climate of this region is considered
mesothermal humid with a subtropical dry winter and is classified as Cwa, with average temperatures below
18°C in the coldest months and above 22°C in warmer months. The average annual rainfall for the county is
1270 mm (30% occurring from May to September). Pastures of Marandu palisade grass (Urochloa brizantha
Hochst. Ex. A. Rich.) Webster cv. Marandu (Syn. Brachiaria brizantha cv. Marandu), cultivated in 1995 were
kept under rotational grazing use in a soil classified as Typic Acrudox and composed of sand (49.5%), clay
(20.9%) and loam (29.6%). Before the experiment the soil had the following composition: organic matter (SOM)
=20 g/dm® P = 4 mg/dm?®; pH em CaCl, = 4.0; K = 1.9; Ca = 8.0; Mg = 3.0; H + Al = 44; CEC = 57.0 and base
saturation (BS) = 22.8% and of sand (50.1%), clay (20.5%) and loam (29.4%).
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2.2. Treatments and Experimental Design

The following systems were evaluated: a) untreated control of U. brizantha cv. Marandu (control—without lim-
ing and N fertilisation); b) improved pastures (U. brizantha cv. Marandu) in which previous grazing was sub-
jected to rotational grazing under the grazing management strategy and the use of nitrogen fertiliser.

Treatments corresponding to combinations between two pre-grazing heights (25 and 35 cm) and two levels of
nitrogen application (50 and 200 kg-ha *-year™) (named as 25/50; 25/200; 35/50 and 35/200) all then receiving
lime and an untreated control (without N and liming) were allocated into experimental units according to a com-
plete randomised block design, with four replications.

Each experimental unit was comprised of six 0.5 ha paddocks that were managed as farmlets, which total of 4
ha. Each of the 20 units received three steers Nelore growing between 18 to 24 months old and an average body
weight of 327 kg, with a variable number of stocking rate adjustments.

Dolomitic limestone (containing 26.6% CaO and 19.1% MgO and relative power of total neutralization -
PRNT = 90%) was applied as top dressing on pasture and without incorporation in December 2008. Lime was
applied to increase the rate of base saturation to 50% in pastures of Marandu grass implanted at a using a dose of
1.0 t-ha™*, following the recommendation of Werner et al. (1996) [10]. The pastures were fertilized with phos-
phorus, potassium and nitrogen using NPK formulations, with the use of 25 and 100 kg-ha * of P,Os and K,0,
respectively.

The experiment was conducted over two rainy seasons with application of 50 and 200 kg N in each period.
During the first summer, in January 2009, it was made to broadcast fertilizer (50 kg-ha™*), urea and ammonium
nitrate in all treatments with N. In February and March 2009, after leaving the animals in each paddock, it was
performed over two split applications (75 kg-ha®) in the treatments with 200 kg-ha ™N. In the rainy season
2009/2010, the nitrogen fertilization was carried out in November/December (50 kg-ha™), and 150 kg-ha™* for
the treatment of other higher dose (200 kg-ha™) in January/February and March/April 2010, according to Gi-
menes et al. (2011) [11].

Treatments corresponding to combinations between two pre-grazing heights (25 and 35 cm) and two levels of
nitrogen application (50 and 200 kg-ha “-year ™) all receiving lime and an untreated control were allocated to
experimental units according to a complete randomised block design, with five replications. Each experimental
unit was comprised of six 0.5 ha paddocks that were managed as farmlets. Steers used were growing Nelore
between 18 to 24 months old and an average body weight of 327 kg. Adjustments in stocking rate (animal-ha™)
were performed according to the need of maintaining the a pre-grazing height for each treatment of 25 or 35 cm
for all paddocks, and the target of the post-grazing height (residue) was 15 cm for all treatments. The heights of
25 or 35 cm correspond to 95% - 100% of the incident light intercepted by the canopy in other experiments with
the same forage plant [12]. The monitoring time for entrance of the steers in the paddocks was made by periodic
assessments of the canopy height using the meter stick (sward stick) [13] along lines of pre-defined transects
with 100 readings per paddock. Each farmlet received three Nelore steers (initial body weight of 327 kg) as test
animals for measuring body weight gain plus a variable number of additional steers to adjust stocking for indi-
vidual paddocks. The planed target post-grazing height was 15 c¢cm, but it fluctuated above this to contribute to
maintaining the target pre-grazing heights. In comparison to those managed at 35 cm, farmlets managed at a 25
cm pre-grazing height showed a larger amount of grazing, period’s shorter grazing intervals and occupation pe-
riods of the paddocks.

Soil sampling was conducted in April 2010. The samples were collected in trenches up to 40 cm deep in each
area, and sectioned into layers (0 - 5; 50 - 10; 10 - 20; 20 - 30; 30 - 40 cm).

Collected soil samples were air-dried and submitted to sieve loosening (2 mm) before analysed. A portion of
the sample was ground and sieved through 60 mesh sieves (0.250 mm) and sent to the Laboratory of Environ-
mental Biogeochemistry (CENA-USP) to determine the organic carbon content. The other samples were ana-
lysed in the Soil Analysis Laboratory of the Department of Soils and Plant Nutrition (ESALQ-USP). The soil
pH was determined in CaCl, 0.01 mol-L ! [14]. To analyse the soil organic matter (SOM) it was used the dry
combustion method [15] using the Carbon Analyzer—LECO CN 2000®. Phosphorus (P) and exchangeable
cations (CEC) were extracted using the method of cation and anion exchange resin, according to literature [14].
To evaluate the total acidity of the soil, H" + AI** samples were extracted with a Ca (OAc), 1N solution of buff-
ered to pH 7.0, according to the methodology described by EMBRAPA (1997) [16]. Base saturation (BS%) and
aluminium saturation (m) were obtained from calculations.
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2.3. Statistical Analyses

Statistical analyses of the data were performed assuming a completely randomised block sampling design, with
analysis of variance being performed with the SAS® statistical model (Statistical Analysis System) version 8.2
for Windows® (SAS, 2010). The averages were compared using the Tukey test at 5% probability.

3. Results and Discussion

Regarding to pH values in CaCl, solution, the original soil (untreated control) that received no application of
lime and fertilisation, in the surface layer had lower values (4.1) in comparison to the pasture soil which re-
ceived lime and NPK (4.6 to 5.1) (Table 1). According to the limits established by Sibbald et al. [17] for soils
from Sao Paulo State, Brazil, 31% of samples presented very high active acidity (pHc,, <4.3) and 38% high
(4.4 t0 5.0), 4% medium (5.1 to 5.5) 8% low (5.6 to 6.0) and 19% very low (>6.0).

Table 1. Values of pH in CaCl,, H* + AI** (potential acidity), calcium, magnesium and base saturation (BS%) of the soil
Typic Acrudox cultivated with U. brizantha Marandu with a rotational grazing strategy (25 or 35 cm height) and nitrogen
fertilization (50 and 200 kg:N-ha ™).

Management adopted (height/nitrogen)

Depth (cm) Untreated control*
25/50 35/50 25/200 35/200
pH (CaCly)

0-5 4.6 aA 4.7 aA 4.8aA 5.1 Aa 4.1Ba
5-10 4.5aA 4.5bA 4.9aA 4.9 Aa 3.9Ba
10-20 45aA 4.2 bA 4.8aA 4.7 Aa 3.9Ba
20-30 45aA 4.3 bA 4.7 aA 4.4 Ab 4.0Ba
30-40 4.4 aA 4.0 bA 4.6 aA 4.5 Ab 3.9Ba

H* + A (mmol-dm™)

0-5 45.2 Bc 47.0 Bc 38.0Bb 38.0 Bc 47.0 Aa
5-10 49.7 Bbc 58.0 Bb 34.0Bb 58.0 Ba 45.0 Ab
10-20 68.0 Aa 62.0 ABa 52.0 Ba 47.0 Bb 44.0 Ab
20-30 72.0 Aa 58.0 Aa 34.0 Bc 58.0 Aba 45.0 Ac
30-40 52.0 Ab 58.0 Ab 47.0 Aa 47.0 Ab 44.0 Ad

Ca®* (mmol-dm)

0-5 18.3aA 16.0 aA 18.0 aA 14.0 aA 2.0aB
5-10 11.0 bA 14.0 aA 15.0 aA 11.0aA 1.0aB
10-20 4.0 bAB 2.0bB 8.0 abA 5.0 bAB 1.0aB
20-30 4.0 bAB 1.0bB 8.0 abA 6.0 abA 1.0aB
30-40 3.0 bA 1.0bB 5.0 bAB 7.0 abA 1.0aB

Mg? (mmol-dm)

0-5 9.0 aA 12.0aA 14.0 aA 12.0 aA 1.0aB
5-10 8.0 aA 6.0 aA 10.0 aA 8.0 bA 0.9aB
10-20 4.0 bAB 3.0 bAB 7.0 abA 5.0 bAB 0.9 aB
20-30 2.0 bA 2.0 bA 5.0 bA 4.0 bA 0.9aA
30-40 0.9 bA 1.0 bA 2.0 bA 4.0 bA 0.9aA

BS (%)

0-5 40.1 aA 40.3 aA 48.4 aA 43.5aA 4.9aB
5-10 29.7 aB 27.1bB 46.2 aA 26.2 abB 4.0aC
10-20 11.8 bAB 8.3cB 25.7bA 19.2 bAB 3.3aB
20-30 8.5bB 5.4cB 31.3bA 15.8 bAB 3.4aB
30-40 8.0 bB 4.8 cB 16.4 bAB 20.2 bA 3.7aB

Values followed by the same letter for each variable do not differ by Tukey’s test (P < 0.05); capital letters compare values horizontally, and small
letters compare values vertically (n = 5). Untreated control, original soil without liming and fertilisation.
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Depending on the application of fertilizers and lime on the pasture, there was a trend to increased the pH in
the surface layer (Table 1). For the areas managed at 25/50, 35/50 or 35/200, there were reductions in pH with
depth, showing a superficial action of soil acidity correction, due to lime without incorporation.

The values of potential acidity (H* + AI**) were in paddocks of the untreated control areas (mean 45.0
mmol-dm™3). With lime and soil fertilisation, the values of H" + AI** were reduced to significantly lower values
for all management strategies (with average values between 41.0 and 57.4 mmol-dm™® in the average of each
treatment. This fact is possibly attributed to the higher concentration of bases in the surface layer. This acidity
was associated with low pH and concentrations of exchangeable bases (Table 2) with a relationship mean
(Pearson’s correlation) of 0.96 (P < 0.05).

The greatest concentrations (P < 0.05) of Ca? ¥, Mg*" and K*, were always found in the surface layers with
medium to high values and are the result of liming and application of phosphate and potassium fertiliser at the
beginning of the experiment (Tables 1 and 2). These levels were considered medium related to the nutritional
requirements of Marandu grass (Werner et al., 1996) [10]. The increased calcium concentration at the surface
lower (0 - 10 cm) was due to the lime and phosphate fertilisation. However, at 10 to 20 cm and the deeper, Ca
concentrations were lower and similar for all limed and fertilized treatments. For the untreated control, Ca, Mg
and K were lower.

Table 2. Values of organic matter (SOM), cation exchange capacity, potassium and phosphorus of the dystrophic Typic
Acrudox soil cultivated with U. brizantha Marandu with a rotational grazing strategy (25 or 35 cm height) and nitrogen (50
and 200 kg-N-ha™?) fertilization.

Management adopted (height/nitrogen)

Depth (cm) Untreated control*
25/50 35/50 25/200 35/200
SOM (g-dm™)
0-5 59.5 Ba 62.3 Ba 83.0 Aa 81.0 Aa 28.5Ca
5-10 353 Ab 36.0 Ab 38.0 Ab 40.0 Ab 17.9 Bb
10-20 30.5 Ab 31.0 Ab 29.0 Ac 30.0 Ac 15.7 Bb
20-30 25.8 Ac 27.0 Ac 22.0Bd 28.0 Ac 11.8 Cc
30-40 23.0 Ac 24.0 Ac 22.0 Ad 22.0 Ad 10.8 Bc
CEC (mmol-dm™®)
0-5 75.4aA 78.7 aA 73.6 aA 67.2 aA 53.7 Ba
5-10 70.7 aA 79.6 aA 63.2 aA 78.6 aA 48.5 Ba
10-20 77.1aA 68.1abA 70 aA 58.2 bB 47.4 Ba
20-30 78.7 aA 62.1 bA 49.5 bB 68.9 aA 48.0 Bb
30-40 56.5 bA 60.9 bA 56.2 bA 58.9 bA 46.8 Bc

Exchangeable K (mmol-dm)

0-5 2.9 ABa 3.7 Aa 3.6 Aa 3.2 ABa 2.1Ba
5-10 2.0Ba 1.6 Bb 4.2 Aa 1.6 Bb 1.8 Ba
10-20 1.1Bb 1.5Bb 3.0 Aa 1.2Bb 1.1 Bab
20-30 0.7 Bb 1.1Bb 2.5 Ab 0.9 Ab 0.9Bb
30-40 0.6Bb 0.9Bb 2.2Ab 0.9Ab 0.9Bb

Available P (mg-dm™®)

0-5 15.0 Aa 14.0 Aa 16.0 Aa 13.0Ba 3.1Ca
5-10 6.0 Ab 5.0 Ab 5.0 Ab 5.0 Ab 3.9Ba
10-20 4.0 Ab 3.0 Ab 4.0 Ab 4.0 Ab 2.5 Aa
20-30 3.0Ab 3.0Ab 3.0Ab 3.0Ab 2.1 Aa
30-40 4.0 Ab 5.0 Ab 4.0 Ab 5.0Ab 2.1Ba

Values followed by the same letter for each variable do not differ by Tukey’s test (P < 0.05); capital letters compare values horizontally, and small
letters compare values vertically (n = 5). Untreated control, original soil without liming and fertilisation.
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As other studies have shown [18] [19] the buffering characteristics of soil organic matter and/or increasing the
ionic strength of the soil solution due to the increase in Ca, Mg and K contents to liming resulted in higher pH
values. Only in the area managed at 35/50 or 35/200 were reductions in pH with depth, showing a superficial
process of soil acidity correction. There were positive correlations between Ca (0.70), Mg (0.70), K (0.45), BS
(0.73) and soil pH, and a negative correlation between aluminium saturation (—0.77) showing the importance on
soil reaction on the soil fertility and the conditions for forage production. The chemical properties values (Table 1
and Figure 1) were similar to those obtained by Pavan and Abreu Jr. and Muraoka [20] [21].

The Al saturation index was high in the untreated control area (without fertilisation management) showing
average values of 75.9% which is detrimental to the growth of Urochloa brizantha cv. Marandu (Figure 1).

In fact, the importance of aluminium as a factor in soil acidity and highly weathered tropical acid is evident.
The contents of exchangeable Al in the soil of the untreated control pastures and from depths of between 0 - 5
cm and 5 - 10 cm were considered high (16.4 mmol-dm3), according to Abreu Jr. and Muraoka [21] and similar
between those depths. In acid mineral soils of tropical climate regions, the high aluminium content, associated to
high acidity and low fertility, it is one of the main constraints for agricultural production. However the action of
lime, only at one surface layer (0 - 5 cm) decrease Al for values of 2.3 mmol-dm 3 (with Al saturation from 3,2
to 10.1%), values considered low and not phytotoxic to Marandu grass, and associated to pH values ranged from
46t05.1.

After adopting strategic management and correct fertilisation, the surface and beneficial action of lime in the
neutralisation of aluminium and reduction in total acidity is evident. However, the selection and use of grasses
better adapted to the stress of fertility is increasingly recommended, including the selection and introduction of
new genotypes of forage, such as hybrids of U. brizantha x U. ruziziensis that can be able to survive and pro-
duce Al-resistance, which tolerate high grazing pressures and enable higher stocking rates per hectare [22]. With
the correction of pH and exchangeable aluminium, the phosphorus was adapted to withstand levels of enhance-
ment in livestock in the proposed system.
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=
§ 40 1
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:,:: 20 4 Al Sats5, = —6.185x2+ 56.67x — 44.34 (R*=0.99)
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Figure 1. Aluminium saturation in the Typic Acrudox soil cultivated with U. brizantha Marandu with a
rotational grazing strategy (25 or 35 cm height) and nitrogen fertilization (50 and 200 kg:N-ha™) in five
soil layers (0 -5, 5- 10, 10 - 20, 20 - 30 and 30 - 40 cm).
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The observed increase in Ca, Mg and base saturation and reduction in the percentage of exchangeable Al and
Al saturation in the surface layer represent improvements in soil fertility, which resulted in productivity in the
pasture Marandu grass. However, the levels of Ca + Mg, K stood near the critical level one year after application.
The extraction and removal of nutrients from the system, either by grazing or via body livestock composition,
indicates future limitations and adoption of a strategy for management of soil fertility, such as adding large
quantities of limestone. To work around this fact, calculus of recommended amounts of limestone, an additional
factor can be included (1.5 or 2.0) that considers the buffering capacity of the soil to increase and maintain the
soil quality for a longer time and obtain a better yield of pasture and the animal productivity. Thus, the effects of
liming would be more extendable and would not require annual applications of lime.

The value of base saturation index of the soil in the surface layers is larger because these areas received the
limestone (calcium and magnesium) without incorporation by topdressing the potassium and phosphate fertilis-
ers. The indices of base saturation on the surface (5 cm) were very close to the proposed 50%, with average val-
ues of 43% due to low mobility of calcium and magnesium in the soil.

There was a greater accumulation of surface organic matter (Table 2). Note that the increased accumulation
of surface organic matter was with the application of nitrogen (from 50 to 200 kg-N-ha ). The content of or-
ganic matter in the surface layer of 0-5 cm was higher with nitrogen fertilisation of 200 kg-N-ha* in comparison
to 50 kg-ha ::N. However, the contents of organic matter in this layer were similar between the sward height
managements (25 or 35 cm) within the two levels of fertilisation, but with good contents in all combinations.
Without the management strategies and fertilisation, the accumulation of organic matter was lower in the un-
treated control (<34.0 g-dm™®), a level below those viewed as critical. For all the treatments, deeper soil layers
showed lower concentrations of total organic matter (SOM = C x 1.723).

Our results are consistent with studies conducted by Oliveira and col. [23] who’s observed values organic
matter that were significantly higher in surface layers compared to deeper layers. Kemper and Kock [24] indi-
cated that many soils in the Western United States and Canada suffered significant decline in structural stability
when the soil organic carbon (SOC) was below 2%. Similarly, Greenland and col. [25] concluded that soils in
England and Wales with <2% SOC were contents with structural deterioration. However, this 2% threshold was
a “rule of thumb” (sic) to indicate soil structural stability, not a measure of the soil’s physical properties in the
field. Nevertheless, this value of 2% SOC (equivalent to ca. 3.4% SOM) is a critical threshold of soil quality. In
tropical soils the organic matter have a faster turnover than temperate soils, due to enhanced decomposition un-
der the higher moisture and temperature regime of the tropics [26] [27] attributed the soil C increase subjected to
more conservation tillage systems, similar to pasture, to two main factors: 1) physical protection of the organic
compounds against microbial decomposition, favored by the C occlusion in the soil aggregates; and 2) chemical
protection of organic compounds through their interaction with minerals and cations, which hinders their de-
composition. SOM values varying from 2.7% to 8.4% were described by several authors in tropical conditions
[28] [29].

The strategy of amending and fertilising in established pastures increased the content of organic matter,
mainly in the surface layers. The application of 200 kg-N-ha* has higher forage accumulation per year of 23.000
kg-ha* of DM than to 50 kg-N-ha * with 15.200 kg-ha * of DM, while for untreated control accumulated 8.800
kg-ha* of DM. Grazing losses were 24.1 and 20.3% for treatments of 200 and 50 kg-N-ha* [12], which has fa-
voured the return of higher herbage dry mass to the soil, increasing the accumulation of soil organic matter. The
SOM soil in surface layer was on average 60.9 g-dm > and 82.0 g-dm® that were found under application of 50
or 200 kg-N-ha* and the untreated control 28.5 g-dm > (Table 2).

In grazing conditions, the losses were greater in grassland managed at 35 cm (24.1%) than in the ones grazed
at 25 cm (20.3%) of pre-grazing height [12], where more organic matter was added to the soil surface from
pre-grazing heights of 35 cm. The increases (%) in the soil organic matter, for average values, were 106% and
113% for treatments 25/50 and 35/50, respectively, but were 115% and 127% for treatments of 25/200 and
35/200 respectively, in comparison to the untreated control.

A meta-analysis of 115 studies in pastures and other grazing lands worldwide [30] indicated that C soil levels
increased with improved management (primarily fertilisation, grazing management, and conversion form culti-
vation or native vegetation, improved grass species) in 75% of the studies considered [31].

According to Loveland and Webb [32] the debate on SOM will continue, if for no other reason than almost
everyone sees it as a keystone indicator for soil quality. However, the nature of this indicator (e.g., total SOM or
SOC, “active” SOM or some fraction of it) will require further investigation if it is to be widely accepted in the
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long term, with parallel implications for design, implementation and costs of soil monitoring frameworks.

The CEC had variation with the soil depth (0 - 30 cm) varying from 46.8 to 79.6 mmol-dm of soil but de-
creased in the deeper layers (30 to 40 cm) varying from 56.5 to 58.9 (Table 2).

The statistical analyses showed the differences between the untreated control and CEC soil average 48.9, that
were lower than the other treatments 25/50; 35/50; 25/200 and 35/200, that averaged 71.7; 69.9; 62.5 and 66.4
respectively.

For pastures fertilised and lime, the CEC was highly occupied by basic cations. In addition, the increase of the
CEC in the surface layer can be attributed to increased soil organic matter. Soil CEC may increase with increas-
ing pH and by adding phosphate [33]. Hence, the CEC comprises a permanent (CECp) and variable (pH de-
pendent) fraction (CECv). CECp has been regarded as derived primarily from the clay fraction. In the untreated
control area (i.e., without management) the CEC values were lower, primarily due to higher values in potential
acidity (H* + AI**), which is not interesting for the cultivation of Marandu grass.

It was found that phosphorus levels were higher only in the surface layer of the treatments that received
phosphorus at the beginning of the experimental work, although the results are not considered high. The best
yield outcomes are achieved when lime applications are combined with phosphate fertilisation in pasture sys-
tems [2], which primarily aims at improving soil quality, by raising the pH, the nutrients’ availability and recov-
ery is increased, as is the case with P, for example.

From this layer down, the levels of available P were lower (P < 0.05), which is considered low and similar for
all layers. In the original soil (untreated control), the P levels were very low (P < 0.05) in comparison to the
pasture fertilised soils and did not vary significantly with depth. Higher levels of P in the surface layer were ex-
pected, particularly in the absence of soil tillage and addition of plant materials, with the topdressing application
of phosphate fertiliser and higher pH values (Table 2).

The original soil (without lime and/fertilisation—untreated control) showed relationships between cations and
the CEC that were below the ideal range, which can be considered a nutritional imbalance. These results indicate
that there were limitations in partial nutrients for proper growth and nutrition of the pasture, although the nutri-
tional requirements of Marandu grass are lower when compared with other forage plants, such as those in the
genus Panicum [34].

Applying the phosphate fertiliser and lime in topdressing resulted higher pH and P contents in the surface
layer. In the deeper layers, the P levels were low because P is not a mobile nutrient in soil [35] and was not in-
corporated into the soil. Additionally, the P immobilisation by Fe and Al oxides and consequently, low avail-
ability [36].

The situation of Brazilian pastures often includes fodder production in soils of low fertility, which certainly
implies a reduction of the pasture productivity potential, even when dealing with species of the genus Urochloa,
which is considered rustic. To recover pastures, the adoption of corrective strategies, such as liming practices
associated with economic management has proven feasible for phosphorus and other nutrients to maintain or in-
crease productivity in pasture areas.

Gimenes et al. [11] found that applying 50 kg:N-ha * in comparison to 200 kg-ha*, there were increases in: 1)
the percentage of leaves in the forage mass of Marandu grass after grazing (11.9% to 15.6%); 2) the herbage
accumulation rate (29.1 to 51.9 kg-ha “day™); and 3) the stocking rate (2.55 to 3.44 animal unit-ha™*, animal
unit = 450 kg live weight), leading to a weight gain-GP, (697 and 863 kg-ha *, at 35 and 25 cm of pre-grazing
height). Only variations in the grazing management strategy resulted in a 31% increase in live weight gain, up
from approximately 24% resulting from the application of N, which emphasis the importance of proper grazing
management and lime plus fertilization, as a way to increase animal performance and productivity of the system.

In this context, the use of nitrogen fertilisers applied fractionally is a way that increases in the dry biomass of
forages, which can result in increase on animal production, allowing enhancements in stocking rates and result-
ing in improved animal productivity, kg-ha™ [6] [11].

4. Conclusions

Intensive livestock systems (rotational stocking), lime and fertiliser application (NPK) must be monitored to
prevent nutritional restrictions of soil fertility common in tropical soils so that subclinical levels of nutrients do
not limit the productivity of pastures. It is interesting to highlight that the liming and fertilisation can influence
the soil chemical properties and improve the soil fertility (reduce high acidity, aluminium saturation and increase
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exchangeable bases), and it promotes the higher forage accumulation of Marandu grass. Without adopting those
practices, the forage yields and animal production are limited. In our study, higher accumulation rates of SOM
were found with Marandu grass fertilized with 200 kg-N/ha than 50 kg-N/ha, due to elevated surplus forage not
consumed by grazing. The contents of organic matter in surface layer were similar between the sward height
managements (25 or 35 cm) within the two levels of fertilisation, but with good contents in all combinations.
The management practice for the pre-grazing height of 25 cm, regardless of the nitrogen application, is the best
strategy to soil quality and livestock production.
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