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 Grasslands in southern Brazil have inherent characteristics favorable to forage production for 

domestic herbivores, which can be impaired or enhanced by management. The aim of this study 

was to evaluate the influence of management on plant characteristics, comparing commonly used 

techniques. The experimental design was bifactorial, the first factor consisting of four 

managements: burning, oversowing with annual winter forages, mowing and absence of 

interference, and the second factor was the time elapsed between management and evaluation. The 

experiment was conducted under field conditions, in a complete randomized block design with four 

replications. The LAI (leaf area index), dry mass production and crude protein content of the pasture 

were evaluated. Pasture management with oversowing showed higher LAI growth rate, as well as 

higher pasture dry mass production than the other treatments. There was no effect of the different 

managements on the crude protein content of the pasture, but of the time, with the highest value on 

the 53rd day. The results suggest that the adoption of management with oversowing of annual 

winter forages should be emphasized for the productive improvement of native grasslands in 

southern Brazil. 
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  R E S U M O 
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 Os campos do Sul do Brasil possuem características inerentes favoráveis à produção de forragem 

para herbívoros domésticos, que podem ser prejudicadas ou potencializadas pelo manejo. O 

objetivo do trabalho foi avaliar a influência do manejo nas características das plantas, comparando 

técnicas comumente utilizadas. O delineamento experimental foi bifatorial, sendo o primeiro fator 

composto por quatro manejos: queimada, sobressemeadura com forrageiras anuais de inverno, 

roçada e ausência de interferência, e o segundo fator foi o tempo decorrido entre manejo e avaliação. 

O experimento foi conduzido em condições de campo, em delineamento em blocos completos 

casualizados com quatro repetições. Foram avaliados o IAF (índice de área foliar), produção de 

massa seca e teor de proteína bruta da pastagem. O manejo da pastagem com sobressemeadura 

apresentou maior velocidade de crescimento do IAF, bem como maior produção de massa seca da 

pastagem que os demais tratamentos. Não houve efeito dos diferentes manejos sobre o teor de 

proteína bruta da pastagem, mas sim do tempo, com o maior valor no 53° dia. Os resultados sugerem 

que a sobressemeadura de forrageiras anuais de inverno deve ser enfatizada para a melhoria 

produtiva dos campos nativos do Sul do Brasil. 
 

INTRODUCTION 
 

The native grassland is a biome found in 13.7 million 

hectares in southern Brazil (OVERBECK et al., 2007), 

characterized by a temperate and humid climate with well-

distributed rainfall throughout the year and severe winters 

(PILLAR; VÉLEZ, 2010). 

Although the native grassland has environmental, social, 

and economic importance, it has been replaced by other 

agricultural land use in last decades. Much of the change is due 

to the escalation of silviculture, monoculture of grains, and 

other short-term agricultural related activities (CÓRDOVA et 

al., 2012). 

Where native grassland continues to be used for 

producing fodder for animal feed, fire is a common 

management practice. In addition, after the cold period of 

winter, fire is used by ranchers as a tool for pasture renovation. 

The practice aims renewing perennial plants after winter, 
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improving the quality of the forage, and reducing the incidence 

of unwanted plants (ZANINI; SBRISSIA, 2013). 

Another widely used context in favor of fire is the ash 

deposit on the soil surface. However, precipitation after the use 

of fire causes the ash to be easily carried away, acting in this 

case as a way of removing nutrients from the system, 

transporting them from the higher to the lower areas or the 

bodies of water. In addition, nitrogen is volatilized 

(BRINKMANN; NASCIMENTO, 1973), and the soil shows a 

decrease in the abundance of mycorrhizal fungi 

(BARRACLOUGH; OLSSON, 2018). 

In addition to the effects on the production system, 

management methods can also impact the environment 

(BENGTSSON et al., 2019). Some result in landscape 

fragmentation, destruction of wetlands by drainage or 

damming, interrupting gene flow between natural populations 

and seed dispersal and pollination, and de-characterizing the 

habitat by over grazing and trampling by cattle, among others 

(FONTANA et al., 2003). 

In recent years, some studies have been conducted to 

increase forage production and supply for animals in native 

grassland (DALMINA et al., 2021). Increasing the productive 

capacity for livestock activity can constitute a solution for 

altering the land use and the maintenance of the field areas. It 

is in this context that the improvement of the native field is 

found, which consists of several techniques that help the 

producer increase the productive potential of the pastures 

(PILLAR, 2009) and, thus, allow the maintenance of the use of 

the soil of the agroecosystem as a native field. 

The objective of this work was to evaluate the effect of 

four managements of the native field, using fire, mowing, 

oversowing and fallow (absence of management) on forage 

characteristics: leaf area index, dry mass production, and 

protein content. 
 

MATERIAL AND METHODS 
 

The experiment was carried out in an experimental field 

belonging to the Professor Jaldyr Bhering Faustino da Silva 

Professional Education Center -CEDUP. The ecosystem is 

called Palmas fields, of the “Palha Fina” physiognomic type 

(CÓRDOVA et al., 2012) in the municipality of Água Doce – 

SC. The experimental field has the prevalence of 

Schizachyrium tenerum Nees, a native plant with forage 

potential. 

The region's climate is temperate (PANDOLFO et al., 

2002), with average temperature and rainfall in the last ten 

years of 16.2 ºC and 1746 mm, respectively (EPAGRI, 2020). 

The predominant soil is classified as Humic Cambisol 

(EMBRAPA, 2004). 

The total area used for the experiment was 2,025 m² in a 

randomized block experimental arrangement with four 

replications. The experimental design was bifactorial, with the 

first factor consisting of four managements:  fire, overseed with 

black oats (Avena strigosa Schreb.) and ryegrass (Lolium 

multiflorum L.), mowing, and absence of interference, and the 

second factor was the elapsed time between management and 

the evaluation. 

The interference simulating grazing using a mower 

started on the first spring day (September 22th). It was repeated 

four times throughout the experiment, with the cuts being 

carried out close to the soil at intervals of 35 days. 

The leaf area index was estimated using below-canopy 

radiation (AccuPAR LP-80). At each point, five measurements 

were taken (perpendicular directions), leveling the device close 

to the ground, in a total of 15 radiation values collected per 

plot, consisting of reading above the canopy of the plants and 

close to the soil surface. All readings were performed between 

10:00 and 11:00, and measurements were performed at 0, 3, 7, 

14, 28, and 35 days after handling and repeated four times in 

the grazing simulation intervals. 

The shoot mass and forage accumulation were 

determined by cutting the canopy at three random points per 

plot, using scissors and a 50 x 50 cm quadrat. Forage 

production was evaluated at 0, 3, 7, 14, 28, and 35 days after 

handling, and after that, mowing was performed to simulate 

grazing. The collected samples were composed of the shots 

(leaves, stems, and dead material) of all plants inside the 

quadrat, being stored in paper bags and immediately weighed 

to determine the natural mass. Afterward, they were dried in an 

oven with forced air circulation at 65 °C until constant weight 

and then weighed to determine the forage dry mass. 

The canopy sampling was carried out using the same 

collection methodology to determine the forage mass at 35 

days after management to determine the protein contents. 

Subsequently, they were ground in a Willey mill with a 1 mm 

mesh sieve to prepare the sample for the crude protein content 

determination (SILVA; QUEIROZ, 2002). 

Data were subjected to analysis of variance, and when the 

F test indicated differences between treatments (p<0.05), the 

data were then subjected to multiple comparison of qualitative 

treatment means with Duncan’s test (p<0.05) or regression 

analysis for treatment data over time (STORCK et al., 2011). 

In the regression analysis, simpler models with a higher 

coefficient of determination (R2) capable of representing the 

data were fitted. 
 

RESULTS AND DISCUSSION 
 

Leaf area index 

The leaf area index was influenced by the interaction 

between management and time factors (p<0.05). Over time, 

there was an increase in the leaf area index, with the highest 

values recorded 35 days after cutting in the following 

decreasing order of management: oversowing, mowing, no 

management, and fire (Figure 1). 

Time (days)

L
ea

f 
ar

ea
 i

n
d
ex

0 10 20 30 40
0.0

0.5

1.0

1.5

Oversowing | Y = 0.03016*X + 0.1093 | R
2
 = 0.97 |

Mowing | Y = 0.02565*X + 0.001386 | R
2
 = 0.99 |

Control | Y = 0.02867*X + 0.05592 | R
2
 = 0.98 |

Fire | Y = 0.02043*X - 0.001298 | R
2
 = 0.97 |

 
Figure 1. Leaf area index of forage from native pasture in 

southern Brazil as a function of time in each management. 

Symbols correspond to the mean and the bars to the standard 

error. 
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The leaf area index (LAI) refers to the 

area of leaves within a given area of soil 

occupied by the plant (leaves/m2 of soil). Thus, 

the higher this index, which tends to increase 

with the age of the plant (GOMIDE, 1986), the 

greater its ability to intercept solar radiation 

and produce photoassimilates under ideal 

environmental conditions for development 

(MONTEIRO; MORAES, 1996; TAIZ et al., 

2017). 

Some plant characteristics such as leaf 

size, angle of insertion between leaf and stem, 

and leaf stiffness, among other variables, can 

affect its structure and, consequently, LAI and dry matter 

accumulation. In addition, in multispecific environments, such 

as natural pastures, growth processes, and forage accumulation 

can be influenced by species composition (ALVES et al., 

2021). 

The remaining LAI, the amount of photosynthetically 

active tissue that remains in the plant after different 

managements, is of fundamental importance for forage species. 

Regrowth will use products from photosynthesis from the 

remaining leaves, provided that the amount of CO2 absorbed is 

greater than or equal to the amount released by the plant during 

respiration. However, it must be considered that photosynthetic 

efficiency decreases as the leaves age. Therefore, if forage 

plants are managed under intense defoliation, the growth of the 

root system and the accumulation of carbohydrate reserves will 

be impaired. However, when management is promoted, a 

minimal negative effect on plant vigor is desired (MOUSEL et 

al., 2005), which can be expressed by the level of 

carbohydrates stored in the plant in the storage organs above 

and below ground, available for use in the recomposition of 

photosynthetic tissues. 

The optimal LAI of a forage plant is that associated with 

high yields, well distributed throughout the growing season, 

typically occurring when the leaves intercept about 90% of the 

incident radiant energy. For Paspalum atratum cv. Pojuca, 

Costa (2004) observed that regrowth vigor was directly 

proportional to the remaining LAI. 

The differences between the leaf area indices of the 

treatments increased with time, reaching the most significant 

differences on the 35th day when the LAI was 1.16 m² of 

leaves/m² of soil in the oversowing treatment (highest value) 

and 0.71 m² of leaves/m² of soil for treatment with fire (lower 

value). 

The response of plants to fire is also related to the time of 

burning due to the interaction of fire and climatic factors 

(humidity and temperature) on the germination and regrowth 

of plants. However, this response may still depend on fire 

intensity, post-burn growth conditions, and interspecific 

interactions in the ecosystem (MILLER et al., 2019). 

 

Natural and dry mass of the aerial part of the plants 

Treatments and time influenced both the natural and dry 

mass of forage shoots (p<0.05), but for both, no interaction was 

recorded. The natural mass differed between treatments, with 

the highest values being registered for the oversowing and 

mowing management, followed by the absence of management 

and fire. Oversowing reached the highest value for dry matter, 

differing from the other treatments (Table 1). 

These results agree with those of Heringer and Jacques 

(2002) in similar work, who also found that management 

systems influenced forage production. In a study on the effect 

of the use of fire on the production of dry pasture biomass in 

the Pantanal, it was verified that the burning resulted in lower 

values of shots mass of cespitose forages (CARDOSO et al., 

2003). In addition, the burning had a negative effect for almost 

a year, since even 11 months after the use of fire, this treatment 

represented only 25% of the dry mass obtained in the treatment 

without burning. 

In another study, in Rio Grande do Sul, the fire used 

biennially reduced forage production to approximately one-

third of the forage obtained in the unburned area (HERINGER; 

JACQUES, 2002). In addition, the fire resulted in a dry mass 

production 31% lower than oversowing. 

The oversowing treatment achieved the highest value of 

shots dry matter, ahead of all the others. The positive effect of 

oversowing with winter forage species aiming to improve 

forage production in native grasslands of southern Brazil was 

already reported by previous works (FERREIRA et al., 2011). 

Black oats and ryegrass are forage species well known by 

ranchers for their rusticity, high forage production capacity, 

and palatability. 

The natural mass of forage was influenced by time. The 

highest rate of natural matter production occurred until the 14th 

day, with a deceleration in the production rate in the following 

interval until the 35th day (Figure 2). 
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Figure 2. Accumulation of shots natural mass from forage of 

native pasture in southern Brazil as a function of time. Points 

correspond to the mean and the bars to the standard error. 

 

Dry matter production was also influenced by time, which 

was expected. The highest rates of dry mass production of the 

forage shots occurred until the 14th day, with a deceleration in 

the following interval and reaching its maximum productive 

potential on the 35th day (Figure 3). 

 

Table 1. Natural and dry forage shot mass from forage of native pasture in 

southern Brazil under different managements. 

Management 
Natural mass 

(kg ha-1) 

Dry mass 

(kg ha-1) 

Oversowing 2569.2 ± 202.8 a 960.3 ± 70.5 a 

Mowing 2189.4 ± 170.7 ab 800.2 ± 56.9 b 

Control 1960.0 ± 174.9 bc 719.2 ± 60.9 b 

Fire 1681.0 ± 151.4 c 658.0 ± 54.4 b 

Mean ± standard error followed by the same letter in columns do not differ from each other 
by Duncan's test (p<0.05). 
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Figure 3. Accumulation of shots dry mass from forage of 

native pasture in southern Brazil as a function of time. Points 

correspond to the mean and the bars to the standard error. 

 

Crude forage protein 

The forage protein content from shots was influenced by 

time (p<0.05) but not by the management or the interaction 

between the two factors (Figure 4). 
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Figure 4. Protein content in shots from forage of native pasture 

in southern Brazil as a function of time. Points correspond to 

the mean and the bars to the standard error 

 

On the 53rd day, the highest crude protein (12.9%) was 

recorded in the forage shots. From the maximum point, there 

was a reduction in the crude protein content of the forage. The 

lowest value was recorded on the 140th day (9.8%), 

representing a 24% reduction from the maximum. 

The tendency of native grassland forage, therefore, is to 

present a reduction in the protein content as the plants approach 

senescence or in periods when there is difficulty in the 

development of the forages. According to Freitas (2010), the 

protein content found in native grassland samples from the 

Santa Catarina is, on average, 7.8% but can drop to 3.2% in 

winter. 

As the plant matures, the concentration of potentially 

digestible components, such as soluble carbohydrates, 

proteins, and minerals, tends to decrease, and fiber increases. 

Consequently, declines in digestibility and intake are expected 

(MERTENS; GRANT, 2020). In addition to changes in 

chemical composition, there are changes in morphological 

characteristics. 

Low protein levels in forage can decrease the palatability 

of plants (MARTEN, 1978), resulting in a lower digestibility 

coefficient and negative nitrogen balance. Thus, the values 

found are above what would be limiting for forage intake but 

within the values found by other authors in natural pastures. 

 

CONCLUSIONS  

 

The oversowing should be emphasized for native 

grassland forage production improvement in southern Brazil 

compared to mowing, burning or absence of management. 

Additionally, the pasture should be grazed or used near its 53rd 

day to avail the highest protein content. 
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