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ABSTRACT: Improper management of rangelands can cause land degradation and reduce 
the economic efficiency of livestock activity. The aim of this study was to evaluate soil 
properties and quantify plant biomass production in four natural rangeland management 
systems in the Santa Catarina Plateau (Planalto Catarinense) of Brazil. The treatments, 
which included mowed natural rangeland (NR), burned natural rangeland (BR), natural 
rangeland improved through the introduction of plant species after harrowing (IH), and 
natural rangeland improved through the introduction of plant species after chisel plowing 
(IC), were evaluated in a Nitossolo Bruno (Nitisol). In the improved treatments, soil acidity 
was corrected, phosphate fertilizer was applied, and intercropped annual ryegrass (Lolium 
multiflorum), velvet grass (Holcus lanatus), and white clover (Trifolium repens) were sown. 
Management systems with harrowed or chisel plowed soil showed improved soil physical 
properties; however, the effect decreased over time and values approached those of 
burned and mowed natural rangelands. Natural rangeland systems in the establishment 
phase had little influence on soil organic C. The mowed natural rangeland and improved 
natural rangeland exhibited greater production of grazing material, while burning the 
field decreased production and increased the proportion of weeds. Improvement of the 
natural rangelands increased leguminous biomass for pasture.

Keywords: natural rangeland improvement, forage production, weeds.
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INTRODUCTION
The Araucaria Highland Plateau (Campos de Altitude do Planalto das Araucárias) is 
located in the south of Brazil and constitutes one of the region’s largest ecological areas. 
The range areas present in this ecosystem represent the main forage resource used for 
cattle raising (Nabinger et al., 2000), with range-fed animal production considered as 
one of the main economic activities.

Natural grazing lands in the Santa Catarina Plateau are characterized by prominent 
seasonality regarding forage production. These rangelands are basically formed by hot 
season species, which stop growing with the arrival of the cold season and die in the frost. 
Limited biomass production results in overgrazing during the winter period, which implies 
a reduction in soil cover and damage to soil physical properties (Bertol et al., 1998). 
In addition, field burning to renew grazing lands is a common practice at this time of the 
year, inducing the mineralization of organic matter and increasing nutrient availability in 
the soil surface in the short term; this effect is lost in the long-term period (Redin et al., 
2011) due to nutrient loss, predominantly caused by water erosion (Bertol et al., 2011).

However, systems that offer alternatives to traditional management of grazing lands are 
little used in the Santa Catarina Plateau region, although they can reduce environmental 
and economic risks arising from this activity. The technique of improving a natural rangeland 
by introducing cold season species, along with acidity correction and soil amendment, 
appears to be an alternative for increasing field productivity, since forage production from 
the introduced species occurs in the period of native rangeland senescence (Córdova et al., 
2004). Besides contributing to reduction in forage deficit, which is characterized by an 
accentuated decline in production of grazing material, this technique can improve fertility 
and preserve native plant species (Boldo et al., 2006).

Native rangelands require management techniques that reduce soil compaction 
and allow for appropriate development of forage, which entails soil tillage in some 
situations; one such situation is the introduction of plant species for field improvement. 
The recovery of degraded grazing lands to improve soil physical properties can be 
carried out with the assistance of mechanical practices, such as chisel plowing, which 
favors plant root development and increases infiltration and water availability in the 
soil (Colet et al., 2009; Silva and Minato, 2014). While natural rangelands need to be 
preserved, it is necessary to make them more productive and profitable; otherwise 
they may be replaced by other activities.

The hypothesis of this study is that burning of natural rangelands degrades the soil and 
reduces rangeland production compared to mowed natural rangelands and improved 
natural rangelands. The objective of this study was to evaluate the changes caused by 
different natural rangeland management systems in the experimental implementation 
phase in regard to the physical and chemical properties of a Nitisol and production of 
grazing material and weeds, as well as the proportion of grasses and leguminous plants 
in the botanical composition of the grazing material.

MATERIALS AND METHODS
The experiment was conducted from May 2012 to November 2013 in the municipality of 
Lages, SC, Brazil, located in the south of the Santa Catarina Plateau (27° 54’ 34” S and 
50° 20’ 42” W, with average altitude of 900 m). Climate in the region is the Cfb type 
according to the Köppen classification system - mesothermal humid subtropical, with 
warm summers and frequent and severe frosts in the winter (Alvares et al., 2013). The 
annual average maximum temperature is 21.7 °C, and the annual average minimum 
temperature is 11.5 °C. The soil is a Nitossolo Bruno (Embrapa, 2004), or a Nitisol (IUSS 
Working Group WRB, 2014), with a clayey texture (Table 1).
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Before setting up the treatments in July 2012, the grazing land had been managed with 
fire for more than 80 years. The physiognomy type in the study location is known as 
Coarse Grass Rangeland (Campo Palha Grossa), with the presence of botanical families 
of grasses, legumes, sedges, Melastomataceae, Verbenaceae, and Solanaceae.

The experimental unit was 10-m wide and 22-m long (220 m2). The area was divided 
into two blocks, with four treatments and two replications per block, for a total 
of 16 plots. The treatments tested consisted of four methods of management of 
grazing lands, set up over the natural rangeland: i) burned natural rangeland (BR), 
with untilled soil and accumulated dry plant biomass subjected to only one burning 
at the beginning of the experimental period for vegetative regrowth; ii) mowed 
natural rangeland (NR) with untilled soil and accumulated dry plant biomass mowed 
only once at the beginning of the experimental period for vegetative regrowth; iii) 
harrowed improved natural rangeland (IH), with soil amendment through limestone 
application and a harrowing operation in order to establish a cold season plant 
species; and iv) chisel plowed improved natural rangeland (IC) , with soil amendment 
through limestone application and a chisel plowing operation in order to establish 
cold season plant species.

Soil acidity was previously corrected in May 2012 in the plots that would receive the 
IH and IC treatments, with application of 5 Mg ha-1 of dolomitic limestone on the soil 
surface. Species were sown in July 2012, immediately after soil tillage operations 
(harrowing in the IH and chisel plowing in the IC). Intercropped species were the 
following: Trifolium repens (white clover), Holcus lanatus (velvet grass), and Lolium 
multiflorum (ryegrass), at a sowing density of 6, 16, and 40 kg ha-1, respectively. 
A phosphate fertilizer (triple superphosphate - 44 % P2O5) was applied at sowing at a 
rate of 300 kg ha-1, following the recommendations of CQFSRS/SC (2004). Seeds and 
fertilizer were broadcast using a broadcast spreader. After that, an agricultural land 
roller was used to increase soil/seed contact.

To establish hibernal species and to provide good natural re-sowing, all treatments were 
maintained without animal grazing during the evaluation period, a recommended and 
indispensable practice for setting up systems for improvement of native rangeland, 
according to Córdova et al. (2004).

Physical and chemical soil analyses were carried out 30, 120, and 330 days after 
initial management practices. Undisturbed soil samples were collected in metallic 
soil sampling rings from the 0.00-0.025, 0.025-0.05, 0.05-0.10, and 0.10-0.20 m 
layers for physical determination of soil bulk density (Bd), total pore volume (TP), 
macropores (Ma), and micropores (Mi), according to Claessen (1997). Soil in the rings 
were saturated, subjected to 6 kPa tension, and later dried at 105 °C. Disturbed soil 
samples were collected at the same depths for chemical determination of total organic 
carbon content in the soil (TOC) through sulfuric acid and chromic acid digestion, 
and determination of soil pH in water through potentiometry. The methods used were 
described by Tedesco et al. (1995).

Table 1. Physical and chemical properties of the soil from the experimental area, in different layers

Layer Sand Silt Clay Bd pH(H2O) P K Ca2+ Mg2+ Al3+ TOC
m g kg-1 Mg m-3 mg kg-1 cmolc kg-1 g kg-1

0.00-0.025 165 345 490 1.03 4.75 0.80 120.50 3.25 2.65 0.96 37.20
0.025-0.05 155 320 525 1.15 4.75 0.80 77.50 3.39 2.59 2.76 30.70
0.05-0.10 155 280 565 1.14 4.85 0.95 85.50 3.38 2.64 2.68 24.25
0.10-0.20 145 280 575 1.20 4.85 1.05 60.50 3.66 2.37 3.11 23.35

Sand, silt, clay: pipette method; Bd: bulk density (Claessen, 1997); pH in water, 1:1 ratio, v/v; P and K: Mehlich-1 extractant; Ca2+, Mg2+, Al3+: 1 mol L-1 
KCl extractant; H+Al: 0.5 mol L-1 calcium acetate extractant at pH 7.0; TOC: total organic carbon (Tedesco et al., 1995).
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Sampling for determination of dry matter yield from plant biomass was carried out at 
180, 330, and 420 days after setting up the treatments. An area of 3 m2 per plot was 
cut with a manual mower 0.07 m from the soil surface to simulate the residual height of 
the grazing land. The forage collected on each cutting date was weighed and botanical 
separation was made between the material of preferable consumption by animals 
(grazing material) and rejected material (weeds). A further separation was performed 
between grass and leguminous plants in the composition of the grazing material. Each 
component was packed in paper bags, dried in a laboratory oven at 65 °C until reaching 
constant weight, and then weighed (Gardner, 1986).

The data were subjected to analysis of variance, and the treatment averages were 
compared within each season by t-test (p<0.05).

RESULTS AND DISCUSSION
The different systems of natural rangeland management had little influence on soil bulk 
density (Bd), with greater variation among treatments in the surface layer (Table 2). 
In the evaluation carried out after 120 days, the IC treatment showed lower Bd down 
to a depth of 0.05 m, which can be explained by the action of the chisel plow shanks 
on the soil. The IH treatment had a result similar to the NR and BR treatments, showing 
that harrowing caused little change in bulk density. Bulk density was similar among the 
treatments after 330 days, which is consistent with the results of Abreu et al. (2004) 
and Bordin et al. (2005), and can be explained by the soil reconsolidation that occurred 
between the mechanical operation and the most recent evaluation. 

Soil total porosity (TP) exhibited significant differences in the 0.00-0.025 m layer after 
30 and 120 days (Table 2). The IC treatment had higher TP in both evaluations, while BR 
had the lowest values. Working the soil through chisel plowing resulted in development 
of pores, even though they were restricted to the surface layer and had a transient 
effect, since differences among the treatments were not observed after 330 days. In the 
0.00-0.025 m layer, IC provided an increase of 9.8, 7.4, and 1.2 % in TP in relation to BR 
at the first, second, and third evaluations, respectively. As time progressed, root action 
and fauna activity, in addition to soil wetting and drying cycles, reduced the differences 
among the treatments.

Soil macroporosity (Ma) differed among the treatments at all depths for the evaluation 
after 30 days (Table 2). Tilling the soil in IH and IC increased Ma compared to BR and 
NR. In the 0.00-0.025 m layer, the Ma values were 2.5 and 2.1 times higher than BR 
for IC and IH in the first evaluation, respectively, demonstrating that chiseling plowing 
mobilized the soil with higher intensity than harrowing. Considering the critical Ma limit 
(<0.10 m3 m-3), below which water infiltration and oxygen supply to the roots become 
limiting (Silva et al., 1994), after 30 days the IH and IC exhibited values above this limit 
down to a depth of 0.05 m, while the treatments with the absence of tillage (BR and NR) 
exhibited Ma lower than the critical limit. In the second and third evaluations (120 and 
330 days), there was a difference between the treatments only in the 0.00-0.025 m 
layer, with IC having the highest Ma. Management systems in these evaluations did not 
differ among each other for the remaining layers, probably due to soil reconsolidation. 
The Ma values observed over time were above the critical limit in the second and third 
evaluations for all treatments in the 0.00-0.025 m layer, possibly due to beneficial plant 
action and soil cover that were present after setting up the treatments.

Soil microporosity (Mi) was greater in the treatments without soil tillage (BR and NR) 
in all layers sampled in the first evaluation (Table 2). The same treatments in the second 
evaluation retained a higher Mi volume, even though there was no statistical difference 
regarding the treatments with soil tillage (IH and IC). All treatments in the third evaluation 
showed similar values, except for the first layer, in which the IC had lower Mi.
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Table 2. Soil bulk density (Bd), total porosity, macroporosity, microporosity, total organic carbon (TOC), and soil pH, in four layers 
for the different treatments and evaluation periods (30, 120, and 330 days)

Treat.(1) Bd (Mg m-3) Total porosity (m3 m-3) Macroporosity (m3 m-3)
30 d 120 d 330 d 30 d 120 d 330 d 30 d 120 d 330 d

0.00-0.025 m
BR 0.95ns 1.00 a 0.90ns 0.62 c 0.62 b 0.66ns 0.090 b 0.116 b 0.123 b
NR 1.03ns 0.93 ab 0.87ns 0.64 bc 0.65 ab 0.69ns 0.092 b 0.144 ab 0.145 b
IH 0.99ns 0.99 a 0.84ns 0.66 ab 0.62 b 0.68ns 0.187 a 0.130 ab 0.162 ab
IC 0.95ns 0.87 b 0.87ns 0.68 a 0.66 a 0.67ns 0.228 a 0.191 a 0.193 a
CV (%) 6.7 7.9 6.6 3.2 3.7 3.0 21.7 30.8 16.8

0.025-0.05 m
BR 1.07 b 1.07 ab 1.04ns 0.60ns 0.59ns 0.61ns 0.085 bc 0.083ns 0.088ns

NR 1.15 a 1.10 ab 1.06ns 0.60ns 0.58ns 0.59ns 0.068 c 0.067ns 0.062ns

IH 1.14 a 1.14 a 1.03ns 0.60ns 0.57ns 0.61ns 0.106 ab 0.065ns 0.084ns

IC 1.10 ab 1.01 b 1.02ns 0.61ns 0.60ns 0.63ns 0.131 a 0.101ns 0.107ns

CV (%) 3.1 6.7 6.2 2.3 3.8 3.8 17.2 39.6 30.3
0.05-0.10 m

BR 1.09ns 1.11ns 1.08ns 0.57ns 0.55ns 0.57ns 0.060 ab 0.050ns 0.068ns

NR 1.14ns 1.12ns 1.08ns 0.57ns 0.55ns 0.58ns 0.050 b 0.050ns 0.083ns

IH 1.15ns 1.13ns 1.08ns 0.56ns 0.55ns 0.56ns 0.070 ab 0.049ns 0.068ns

IC 1.14ns 1.13ns 1.07ns 0.56ns 0.56ns 0.57ns 0.078 a 0.066ns 0.057ns

CV (%) 2.7 2.7 4.3 2.1 5.0 2.7 27.6 36.1 19.1
0.10-0.20 m

BR 1.14ns 1.12ns 1.10ns 0.58ns 0.54ns 0.57ns 0.056 bc 0.051ns 0.066ns

NR 1.20ns 1.16ns 1.13ns 0.56ns 0.55ns 0.57ns 0.035 c 0.049ns 0.076ns

IH 1.18ns 1.16ns 1.09ns 0.56ns 0.54ns 0.57ns 0.073 ab 0.045ns 0.061ns

IC 1.16ns 1.14ns 1.08ns 0.58ns 0.58ns 0.57ns 0.089 a 0.078ns 0.065ns

CV (%) 4.6 3.5 4.9 4.0 4.1 3.1 33.3 34.5 12.7

Microporosity (m3 m-3) TOC (g kg-1) pH(H2O)
0.00-0.025 m

BR 0.53 a 0.50ns 0.54 a 37.4ns 44.2ns 41.0ns 4.8 b 5.0 bc 4.8 b
NR 0.55 a 0.50ns 0.55 a 35.8ns 44.7ns 43.2ns 4.9 b 4.9 c 4.8 b
IH 0.48 b 0.49ns 0.51 ab 36.9ns 39.8ns 40.6ns 5.9 a 5.4 ab 5.6 a
IC 0.45 b 0.47ns 0.48 b 37.7ns 41.6ns 42.3ns 5.9 a 5.7 a 5.5 a
CV (%) 4.6 6.4 5.1 4.5 7.9 4.7 7.0 4.9 2.9

0.025-0.05 m
BR 0.52 a 0.51ns 0.52ns 31.7ns 32.5ns 33.3 b 5.1ns 4.8ns 4.8 b
NR 0.54 a 0.51ns 0.53ns 29.5ns 34.2ns 36.8 a 5.3ns 4.8ns 4.8 b
IH 0.49 b 0.50ns 0.52ns 29.9ns 32.9ns 35.5 a 5.1ns 4.7ns 4.8 b
IC 0.48 b 0.50ns 0.52ns 29.9ns 36.7ns 35.7 a 5.3ns 5.0ns 5.2 a
CV (%) 2.6 2.8 3.2 6.2 9.8 3.8 4.5 3.9 4.1

0.05-0.10 m
BR 0.51 a 0.50ns 0.51ns 27.7ns 30.4ns 30.9ns 5.1ns 4.6 b 4.8ns

NR 0.52 a 0.50ns 0.50ns 26.8ns 28.3ns 28.8ns 4.9ns 4.6 b 4.8ns

IH 0.49 b 0.50ns 0.49ns 26.4ns 28.5ns 30.8ns 5.1ns 5.0 a 4.7ns

IC 0.48 b 0.49ns 0.51ns 27.4ns 28.9ns 30.5ns 5.1ns 4.9 ab 4.7ns

CV (%) 2.8 3.7 2.7 5.0 5.7 3.8 4.9 3.6 2.2
0.10-0.20 m

BR 0.53 a 0.49ns 0.50ns 24.2ns 27.0ns 27.6ns 4.9ns 4.8ns 4.7ns

NR 0.52 a 0.50ns 0.49ns 23.4ns 27.1ns 25.9ns 4.8ns 4.7ns 4.7ns

IH 0.49 b 0.50ns 0.50ns 23.8ns 26.5ns 26.1ns 4.9ns 4.7ns 4.8ns

IC 0.49 b 0.50ns 0.51ns 24.9ns 26.7ns 26.6ns 5.1ns 4.7ns 4.8ns

CV (%) 3.5 3.3 2.6 4.2 3.9 10.4 4.6 4.4 1.3
(1) BR: burned natural rangeland; NR: mowed natural rangeland; IH: improved natural rangeland with harrowing; IC: improved  natural rangeland with 
chisel plowing. Means followed by the same letter in the column do not differ among themselves by the t-test (p<0.05). ns: effect of the treatments 
not significant by analysis of variance (p<0.05). 
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The highest TP, Ma, and Mi changes in the treatments with soil tillage in comparison to those 
without tillage occurred in the 0.00-0.025 m layer, which suggests that mechanical tillage is 
more efficient for the soil surface. In addition, soil tillage resulted in sharper changes in Ma 
and Mi than in TP. This suggests that part of the Mi was converted to Ma through the use of 
tillage equipment, in agreement with Camara and Klein (2005). Although chisel plowing showed 
positive effects, there is considerable variability regarding the longevity of its effects in the soil 
(Twomlow et al., 1994; Evans et al., 1996). As observed throughout the present evaluation, the 
effect of chisel plowing declined over time, since reconsolidation increases with the cumulative 
volume of rainfall and with soil wetting and drying cycles (Busscher et al., 2002).

Soil total organic carbon (TOC) contents showed little variation among the treatments 
(Table 2). A statistical difference was observed in the third evaluation (330 days), in which 
BR had lower TOC in the 0.025-0.05 m layer. In addition, there was a decrease in these 
contents as determination went deeper into the soil profile, which was also observed in 
the study of Castro Filho et al. (2002). Production systems without animal trampling and 
intense soil tillage did not show significant differences in TOC content (Bavoso et al., 2010), 
just as the results obtained in this experiment showed. This can be explained by the fact 
that these experiments involved experiments that were recently set up.

The effects of limestone applied on the soil surface in the IH and IC treatments were 
detected in the soil profile down to a depth of 0.10 m (Table 2). For these treatments, 
the highest pH values were identified in the 0.00-0.025 m soil layer in all evaluations. 
Soil tillage in IC through the action of the chisel plow shafts allowed the soil amendment 
material to disperse throughout the soil profile and differentiate the IC from the other 
treatments in the 0.025-0.05 m layer, particularly in the third evaluation. This was 
probably due to the physical characteristics provided by the mechanical action of the 
chisel plow shafts, enabling mechanical displacement of fine limestone particles via 
descending water movement in the profile and also through the product of limestone 
reactions (Cahn et al., 1993). In the remaining layers, the soil pH did not differ among 
treatments, except for the 0.05-0.10 m layer in the second evaluation, in which the pH 
values were higher in IH and IC. This probably occurred due to the depth limitation of 
the equipment, as well as the reaction time of the soil amendment material.

Plant biomass production of grazing material varied among the treatments in all evaluations 
(Table 3). Production from the first harvest, after 180 days, was higher in the IH and NR 
treatments and differed from BR. The chisel-plow-improved natural rangeland showed 
intermediate production, and did not differ from any other treatment. Average production 
of grazing material in the IH and NR treatments was seven times the production in BR and 
two times the production in IC. Except for BR, all remaining treatments had statistically 
similar production of grazing material, which can be explained by the low rainfall index 
that occurred from set-up of the experiment until establishment of the species. In a study 
performed with natural rangeland systems on the Santa Catarina Plateau, Córdova et al. 
(2012) observed production greater than 4,000 kg ha-1 for an equivalent evaluation 
period, differing from the results obtained in the current experiment, which had values 
in NR similar to the improved treatments (IH and IC), probably due to better adaptation 
of native species to the drought that occurred at the beginning of the experiment.

The initial development period for the species used in the grazing land improvement 
systems is considered crucial for their feasibility. The need for chemical and physical 
adequacy of the soil and enough water for plant development are important points that 
determine success in establishing the species (Córdova et al., 2004). The period between 
setting up this experiment and the first evaluation of forage production (180 days) was 
characterized by drought, which contributed to reduced production in IC in comparison 
to NR and IH. Such a response can be explained as a result of working the soil more and 
its consequent exposure, caused by chisel plowing. This allows for greater variation in 
soil temperature and consequent water evaporation (Bragagnolo and Mielniczuck, 1990).
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In the evaluations performed at 330 and 420 days, the dry matter production of grazing 
material in the BR treatment was inferior to the production in the remaining treatments, 
and was 79.6 and 73.3 % smaller than production in the IC treatment in the second and 
third evaluations, respectively. For those same evaluations, IC provided higher production 
of grazing material than NR and IH, which showed the positive effect from chisel plowing 
after the second evaluation. Considering total production of grazing material (i.e., the 
sum of the three samplings), the NR, IH, and IC treatments had the highest values, and 
although the BR treatment produced an amount which was 71.6 % smaller than the IC 
treatment, they did not differ statistically (Table 3).

The BR treatment had higher weed production in all evaluations (Table 3), with proportions 
of 61, 50, and 21.5 % of the total plant biomass produced in the first, second, and 
third evaluations, respectively. In contrast with the percentage of weeds in BR, the IC 
treatment had 13, 3.9, and 3.8 %; IH had 7, 7.7, and 3.7 %, and NR had 11.6, 7.6, and 
3.2 % undesirable plants in the three consecutive evaluations. The highest occurrence 
of weeds found in the improved and mowed natural rangelands (IC, IH, and NR) was of 
the Baccharis genus (gorse and brooms). On the other hand, in the burned field (BR), 
the genera Baccharis (gorse and brooms), Eryngium (eryngo), and Pteridium (ferns) 
predominated. The elevated weed percentage in the BR treatment can be explained due 
to the adaptation of these plants to conditions of field management with fire (Fontaneli 

Table 3. Production of plant biomass of grazing material, weeds, and total dry matter, and the composition of leguminous plants 
and grasses in the grazing material for different treatments and evaluation periods

Treat.(1) Plant biomass Grazing material composition
Grazing material Weeds Total Leguminous Grasses

kg ha-1

180 days
BR 358.2 b 553.2 a 911.4 b 0.0 b 358.2 b
NR 2,424.2 a 319.2 ab 2,743.4 a 0.0 b 2,424.2 a
IH 2,572.0 a 192.3 b 2,764.3 a 105.1 a 2,466.9 a
IC 1,208.5 ab 181.5 b 1,390.0 b 7.2 b 1,201.3 ab
CV (%) 54.9 68.9 42.0 61.0 59.0

330 days
BR 25.9 c 26.3 a 52.3 b 0.1 b 25.8 b
NR 69.3 b 5.7 b 74.9 b 0.2 b 69.1 a
IH 67.9 b 5.7 b 73.7 b 7.1 b 60.9 ab
IC 126.8 a 5.1 b 131.9 a 39.3 a 87.5 a
CV (%) 40.0 54.5 41.6 76.3 40.9

420 days
BR 81.3 c 22.2 a 103.5 b 0.1 b 81.2 b
NR 171.4 bc 5.7 b 177.0 b 0.1 b 171.3 a
IH 180.5 b 6.9 b 187.4 b 17.4 b 163.1 a
IC 304.7 a 12.2 ab 316.9 a 86.3 a 218.4 a
CV (%) 33.5 69.7 31.2 71.6 33.1

Sum of the evaluations
BR 465.5 b 601.7 a 1,067.2 b 0.2 b 465.3 b
NR 2,664.9 a 330.5 ab 2,995.3 a 0.3 b 2,664.6 a
IH 2,820.5 a 204.9 b 3,025.4 a 129.6 a 2,690.9 a
IC 1,640.0 ab 198.8 b 1,838.8 ab 132.8 a 1,507.2 ab
CV (%) 50.4 66.7 37.0 62.0 50.2

(1) BR: burned natural rangeland; NR: mowed natural rangeland; IH: improved natural rangeland with harrowing; IC: improved natural rangeland with 
chisel plowing. Means followed by the same letter in the column do not differ among themselves by the t-test (p<0.05).
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and Jacques, 1988). Burning favors weeds by not affecting their structure, which is often 
underground, in comparison to most of the pasture species that have a large number of 
buds on the soil surface. Additionally, fire opens up spaces in the soil surface and favors 
rapid weed development.

Degraded grazing lands provide an opportunity for colonization of pioneer plants, 
searched for by animals only when the main forage is scarce (Dias-Filho, 2003). These 
are considered weeds because they generally do not have the nutritional value required 
for animal development. Signs of degradation of grazing lands include a decrease in yield 
and an increase in the frequency of invasive species, which initially occupy soil spaces 
left uncovered by forage plants, and later dominate the areas still occupied by forage. 
The proportion of production of grazing material in relation to weeds, in the sum of the 
three evaluations, was 89, 93.2, and 89.2 % in NR, IH, and IC, respectively, while BR 
had a proportion of 43.6 %. The percentage of weeds in BR was approximately 5 times 
the percentage of the other treatments.

Systems with improvement of the natural rangeland provided a significant increase in 
the amount of leguminous plants in the botanical composition of the grazing material 
during the experimental period, due to the introduction of white clover (Trifolium repens), 
along with acidity correction and improved soil fertility, which favor the development of 
leguminous plants. Such plants were not observed in the grazing lands with the NR and 
BR treatments at the first sampling after 180 days; they occurred only in the remaining 
evaluations, although in very low amounts (Table 3). A few specimens of Trifolium 
riograndense (little clover) were found in those treatments. In the total of the evaluations, 
the proportion of leguminous plants in comparison to grasses in composition of the 
pasture species was less than 0.01 % in the NR and BR treatments, while the proportion 
was 4.6 and 8.1 % in the IH and IC treatments, respectively.

The introduction of leguminous plants, present only in the improved treatments (IH and 
IC), resulted in improved quality as grazing lands because the rangelands in the region 
are characterized by a predominance of native grasses with low quality and little potential 
for growth in the cold season. In a study performed by Heringer and Jacques (2002a), 
in the absence of the fire management practice, a reduction in uncovered soil was 
observed as an effect of fertilization of native rangeland, as well as lower participation 
of grasses of low nutritional value and undesirable plants in the botanical composition. 
Acidity correction, soil fertilization, and mowing can favor species of higher quality for 
grazing, while the use of fire favors species of lower quality and decreases floral richness 
(Heringer and Jacques, 2002b). 

Common in the Santa Catarina Plateau region, the practice of burning a fast and low-cost 
method for clearing an area, although burning results in soil degradation. Management of 
natural rangelands through the use of mowing processes appears to be an alternative for 
elimination of weeds and remaining dry material. However, since mowing generates costs 
in terms of labor and equipment, this practice is rarely used as a management practice.

CONCLUSIONS
Harrowing or chisel plowing natural rangelands improves soil physical properties, although 
the effect decreases over time and the values begin to approach those of burned natural 
rangelands and mowed natural rangelands. Natural rangeland management systems 
in the establishment phase have little influence on the organic carbon content of the 
Nitisol. Surface liming to improve natural rangelands leads to an increase in soil pH 
down to a depth of 0.10 m. 

Burning of natural rangeland results in reduced production of grazing material and a 
higher proportion of weeds compared to mowed natural rangelands or improved natural 
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rangelands. The improvement of natural rangelands with acidity correction and increased 
soil fertility, as well as the introduction of cold season species, increases the production 
of leguminous plants in the grazing land in comparison to mowed natural rangelands 
and burned natural rangelands.

REFERENCES
Abreu SL, Reichert JM, Reinert DJ.  Escarificação mecânica e biológica para a redução 
da compactação em Argissolo franco-arenoso sob plantio direto. Rev Bras Cienc Solo. 
2004;28:519-31. doi:10.1590/S0100-06832004000300013

Alvares CA, Stape JL, Sentelhas PC, Gonçalves JLM, Sparovek G.  Köppen’s climate classification 
map for Brazil. Meteorol Z. 2013;22:711-28. doi:10.1127/0941-2948/2013/0507

Bavoso MA, Giarola NFB, Tormena CA, Pauletti V.  Preparo do solo em áreas de produção de 
grãos, silagem e pastejo: efeito na resistência tênsil e friabilidade de agregados. Rev Bras Cienc 
Solo. 2010;34:227-34. doi:10.1590/S0100-06832010000100023

Bertol I, Gobbi E, Barbosa FT, Paz-Ferreiro J, Gebler L, Ramos JC, Werner RS.  Erosão 
hídrica em campo nativo sob diversos manejos: perdas de água e solo e de fósforo, 
potássio e amônio na água de enxurrada. Rev Bras Cienc Solo. 2011;35:1421-30. 
doi:10.1590/S0100-06832011000400036

Bertol I, Gomes KE, Denardin RBN, Machado LAZ, Maraschin GE.  Propriedades físicas do solo 
relacionadas a diferentes níveis de oferta de forragem numa pastagem natural. Pesq Agropec 
Bras. 1998;33:779-86.

Boldo EL, Brunetto A, Simioni GL, Sartori M, Butzke A, Specht A, Lovatel JL, Scur L, Wasum, 
RA.  O uso do fogo como prática agropastoril na microrregião homogênea dos campos 
de cima da serra: análise da situação atual e busca de um modelo sustentável. Rev Bras 
Agroeco. 2006;1:875-8.

Bordin I, Neves CSVJ, Aida FT, Souza WR, Davoglio Junior AC, Furlaneto TLR, 
Tavares Filho J.  Sistema radicular de planta cítrica e atributos físicos do solo em 
um Latossolo argiloso submetido à escarificação. Cienc Rural. 2005;35:820-5. 
doi:10.1590/S0103-84782005000400011

Bragagnolo N, Mielniczuk J.  Cobertura do solo por palha de trigo e seu relacionamento com a 
temperatura e umidade do solo. Rev Bras Cienc Solo. 1990;14:369-74.

Busscher WJ, Bauer PJ, Frederick JR.  Recompaction of a coastal loamy sand after deep 
tillage as a function of subsequent cumulative rainfall. Soil Till Res. 2002;68:49-57. 
doi:10.1016/S0167-1987(02)00083-1

Cahn MD, Bouldin DR, Cravo MS.  Amelioration of subsoil acidity in an Oxisols of the humid 
tropics. Biol Fertil Soils. 1993;15:153-9. doi:10.1007/BF00336435

Camara RK, Klein VA.  Escarificação em plantio direto como técnica de conservação do solo e da 
água. Rev Bras Cienc Solo. 2005;29:789-96. doi:10.1590/S0100-06832005000500014

Castro Filho C, Lourenço A, Guimarães MDF, Fonseca ICB.  Aggregate stability under different 
soil management systems in a Red Latosol in the State of Parana, Brazil. Soil Till Res. 
2002;65:45-51. doi:10.1016/S0167-1987(01)00275-6 

Claessen MEC, organizador.  Manual de métodos de análise de solo. 2a ed. Rio de Janeiro: 
Centro Nacional de Pesquisa de Solos; 1997.

Colet MJ, Sverzut CB, Weirich Neto PH, Souza ZM.  Alteração em atributos físicos 
de um solo sob pastagem após escarificação. Cienc Agrotec. 2009;33:361-8. 
doi:10.1590/S1413-70542009000200001

Comissão de Química e Fertilidade do Solo - CQFSRS/SC. Manual de adubação e de calagem 
para os estados do Rio Grande do Sul e Santa Catarina. 10a ed. Porto Alegre: Sociedade 
Brasileira de Ciência do Solo/Núcleo Regional Sul; 2004.

Córdova UA, Prestes NE, Santos OS, Ramos CI.  Validação da tecnologia de melhoramento de 
pastagens naturais no Planalto Sul de Santa Catarina. Rev Cienc Agrovet. 2012;11:54-62.

http://dx.doi.org/10.1127/0941-2948/2013/0507


Werner et al. Soil Properties and Plant Biomass Production in Natural Rangeland...

10Rev Bras Cienc Solo 2016;40:e0150117

Córdova UA, Prestes NE, Santos OV, Zardo VF.  Melhoramento e manejo de pastagens naturais 
no Planalto Catarinense. Florianópolis: Epagri; 2004. 

Dias-Filho MB.  Degradação de pastagens: processos, causas e estratégias de recuperação. 
Belém: Embrapa Amazônia Oriental; 2003.

Empresa Brasileira de Pesquisa Agropecuária - Embrapa. Solos do Estado de Santa Catarina. Rio 
de Janeiro: Embrapa Solos; 2004. (Boletim de Pesquisa e Desenvolvimento, 46).

Evans SD, Lindstrom MJ, Voorhees WB, Moncrief JF, Nelson GA.  Effect of subsoiling and 
subsequent tillage on soil bulk density, soil moisture and corn yield. Soil Till Res. 1996;38:35-46. 
doi:10.1016/0167-1987(96)01020-3

Fontaneli RS, Jacques AVA.  Melhoramento de pastagem natural: ceifa, queima, diferimento e 
adubação. Rev Soc Bras Zootec. 1988;17:180-94.

Gardner AL.  Técnicas de pesquisa em pastagens e aplicabilidade de resultados em sistemas de 
produção. Brasília, DF: Embrapa CNPGL; 1986. 

Heringer I, Jacques AVA.  Composição florística de uma pastagem natural submetida a queima e 
manejos alternativos. Cienc Rural. 2002b;32:315-21. doi:10.1590/S0103-84782002000200022

Heringer I, Jacques AVA.  Qualidade da forragem de pastagem nativa sob distintas alternativas 
de manejo. Pesq Agropec Bras. 2002a;37:399-406. doi:10.1590/S0100-204X2002000300022

IUSS Working Group WRB.  World reference base for soil resources 2014. International soil 
classification system for naming soils and creating legends for soil maps. Rome: FAO; 2014. 
(World Soil Resources Reports, 106).

Nabinger C, De Moraes A, Maraschin GE.  Campos in southern Brazil. In: Lelaire G, Hodgson J, 
De Moraes A, Carvalho PCF, Nabinger C, editors. Grassland ecophysiology and grazing ecology. 
Wallingford: CABI International; 2000. p.355-76.

Redin M, Santos GF, Miguel P, Denega GL, Lupatini M, Doneda A, Souza EL.  Impactos da 
queima sobre atributos químicos, físicos e biológicos do solo. Cienc Flor. 2011;21:381-92.

Silva AP, Kay BD, Perfect E.  Characterization of the least limiting water range of soils. Soil Sci 
Soc Am J. 1994;58:1775-81. doi:10.2136/sssaj1994.03615995005800060028x

Silva GCLS, Minato EA.  Escarificação e adubação orgânica: efeito na recuperação estrutural de 
solo produzindo Tifton 85. Cienc Rural. 2014;44:1956-61. doi:10.1590/0103-8478cr20131670

Tedesco MJ, Gianello C, Bissani CA, Bohnen H, Volkweiss SJ.  Análises de solo, plantas e 
outros materiais. 2a ed. Porto Alegre: Universidade Federal do Rio Grande do Sul; 1995. 
(Boletim técnico, 5).

Twomlow S, Parkinson R, Reid I.  Temporal changes in soil physical conditions after 
deep loosening of a silty clay loam in SW England. Soil Till Res. 1994;31:37-47. 
doi:10.1016/0167-1987(94)90093-0


