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ABSTRACT 

‘Rotatinuous’ is a grazing management concept based on animal behavioral responses 

to sward structure, to minimize time and consequently maximize herbage intake per 

unit of grazing time. The application of this strategy under rotational stocking is already 

known and is eased by the proposal of the control of the pre- and post- grazing sward 

heights. On the other hand, the application of the concept under continuous stocking 

can be a challenge. The objective of this dissertation was to evaluate if management 

interventions on Italian ryegrass, to offer an ideal sward structure, affect sheep and 

herbage production under continuous stocking. The experiment was carried out in 

2019, in a randomized complete block design with three grazing intervention strategies 

and three replicates, in southern Brazil. All treatments were managed targeting sward 

height at 15 cm and also had their stocking rate adjustments by put-and-take 

technique. On T1 treatment just put-and-take; T2 treatment use of fences to 

concentrate or exclude animals in under- and overgrazed areas, respectively; T3 

treatment use of fences in overgrazed areas and the under-grazed areas were 

mechanically topped. Twenty-seven castrated lambs with an average live weight of 32 

± 2 kg were used. The actual average sward heights were 14.5, 14.7 and 14.9 cm (P 

= 0.286) for T1, T2 e T3, respectively. Despite the average sward heights that did not 

differ statistically, the sward height distribution of T1 presented greater heterogeneity 

(Gini coefficient = 0.273) than T2 (0.227) and T3 (0.248). There were no differences 

(P > 0.05) for any of the other pasture variables neither animal. In conclusion, our 

results demonstrated that in the attempt to offer ideal sward structures — using 

deferment in under-grazed areas and topping or concentration of animals in 

overgrazed areas — the evaluated techniques just homogeneized sward height 

distribution, with no detectable benefits to pasture nor animal production. Considering 

the limits of the experimental spatio and temporal scales, in addition of managing 

swards at the optimal average sward height, the stocking rate adjustment is enough to 

maximize animal intake and performance. 

Keywords: grazing management; sward height; animal performance; stocking 

method; heterogeneity; sheep
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RESUMO 

O “Rotatínuo” é um conceito de manejo do pasto baseado nas respostas 

comportamentais dos animais à estrutura do pasto, para minimizar o tempo e 

consequentemente maximizar o consumo de pastagem por unidade de tempo 

pastejado. A aplicação desta estratégia sob o pastoreio rotativo já é conhecida e é 

facilitada pela proposta de controle de alturas de pré e pós-pastejo. Por outro lado, a 

aplicação deste conceito sob o pastoreio contínuo pode ser um desafio. O objetivo 

desta dissertação foi avaliar se intervenções, para oferecer estruturas de pasto ideais, 

afetam a produção vegetal, o consumo e o desempenho de ovinos sob pastagem de 

azevém em pastoreio contínuo. O experimento foi conduzido em 2019, em um design 

experimental em blocos completamente casualizados com três estratégias de 

manipulação do pasto e três repetições, no sul do Brasil. Todos os tratamentos foram 

manejados com o objetivo de manter o pasto na média de 15 cm de altura e tiveram 

o seu ajuste de carga pela técnica do put-and-take. No tratamento T1 foi utilizado

somente put-and-take; no tratamento T2 teve uso de cercas para concentrar ou excluir

animais de áreas sub ou super pastejadas, respectivamente; no tratamento T3 teve

uso de cercas para isolar áreas super pastejadas e de uma roçadeira costal para cortar

o pasto nas áreas sub-pastejadas. Vinte e sete cordeiros castrados com peso vivo

médio de 32 ± 2 kg foram utilizados. As alturas médias reais do pasto foram 14,5; 14,7

e 14,9 cm (P = 0,286) para T1, T2 e T3, respectivamente. Apesar de não haver

diferença estatística significativa para as alturas de pastagem, a distribuição das

alturas do T1 apresentou um maior grau de heterogeneidade (coeficiente de Gini =

0,273) do que T2 (0,227) e T3 (0,248). Não houve diferença estatística (P > 0,05) para

nenhuma outra variável do pasto. Além disso, o desempenho animal e o consumo de

forragem pelos ovinos não diferiram entre os tratamentos (P > 0,05). Em conclusão,

nossos resultados demonstram que a tentativa de oferecer estruturas de pasto ideais

— utilizando diferimento em áreas sub-pastejadas e roçada ou concentração de

animais em áreas super pastejadas — as técnicas avaliadas apenas homogeneizaram

as ditribuições de altura do pasto, sem benefícios encontrados para a produção

vegetal nem animal. Considerando os limites das escalas espacial e temporal do

experimento, juntamente com o manejo do pasto em uma média de altura ótima, o

ajuste de lotação é suficiente para maximizar o consumo e a performance animal.

Palavras-chave: manejo de pastagens; altura do pasto; desempenho animal; método 

de lotação; heterogeneidade; ovinos 
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1. INTRODUCTION 

Animal production in pastoral ecosystems is quite complex since the plant and 

the animal share the same environment, with animals needing leaves to feed and 

plants needing these same structures to intercept light and perform photosynthesis. 

Therefore, severe grazing results in the consumption of a large part of the available 

forage (Benvenutti et al., 2016; Savian et al., 2021), negatively affecting the regrowth 

of the pasture and, in addition, the animal is also penalized when it is forced to access 

the bottom of the sward canopy (Schons et al., 2021) 

Thus, one of the goals of grazing management is to achieve sward structural 

characteristics that result in optimal levels of animal performance (Hodgson, 1990), 

because commercial grazing systems are remunerated based on animal performance. 

In this way, the “Rotatinuous” concept has been proposed, where the animal is 

considered as the main agent to define grazing targets (Carvalho, 2013). It is also an 

efficient alternative to reduce environmental impacts (Savian et al., 2021) and improve 

animal and pasture production (Savian et al., 2019, 2018; Schons et al., 2021). 

However, the "take the best and leave the rest" principle can be challenging to 

apply in continuous stocking because there is no direct control of the defoliation interval 

(Carvalho, 2013), which might lead to repeated impacts on preferred areas while 

others are less or not even used (Teague et al., 2004). Whereas in rotational stocking 

we can leave an unfavorable sward structure behind and move to the next strip 

(Schons et al., 2021).  

Despite being used in southern Brazil (Carvalho et al., 2021; Carvalho, 2013), 

we still lack scientific evidence on how to offer ideal sward structures in continuous 

stocking under the “Rotatinuous” concept. Which makes us question if just the stocking 

rate adjustment is enough or if other anthropic interventions, like fencing  (Anderson 

et al., 2014; Odintsov Vaintrub et al., 2020; Turner et al., 1997) and topping (Lambert 

et al., 2000; Mc Donald, 1986) are needed to facilitate the grazing process. 

 This dissertation shows the results of this concept applied under continuous 

stocking by analyzing plant production and animal performance. The results of this 

study are presented in the second chapter of this document in a scientific article format. 
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2. LITERATURE REVIEW 

Forage produced on well-managed pasture is one of the most sustainable feed 

sources that can be produced and utilized in the grazing livestock system (Rao et al., 

2015; Savian et al., 2021). Yet, grazing is a complex process that varies in time and 

space and involves animals that need to search, gather, and process herbage (Ungar 

& Noy-Meir, 1988; Bailey, 1996). Grazing management, the art of guiding the grazing 

process aiming to feed animals (Allen et al., 2011), emerged only after animal 

domestication, during the Neolithic period. Since then, men, as a shepherd, determine 

the choices trajectory, displacement speed, and total trajectory duration, as well as the 

animal’s grazing opportunities. 

The barbed wire arising, which was recent (created in 1876), led to distance 

men from the necessities of deep comprehension of the preferences and behavior 

dynamics of grazing animals (Carvalho et al., 2019). This distance is not an isolated 

phenomenon because the disconnection between agriculture and nature is a global 

process (Gordon et al., 2017). In commercial grazing systems, the same pattern is 

observed, through grazing managers' practices which promote homogenous sward, 

multi-paddock grazing, and the overuse of resources to control the grazing process. 

So, pastoralism has evolved basically in terms of two grazing methods: 

rotational and continuous (di Virgilio et al., 2019). Essentially, both of them converge 

to a variation in the animal distribution in time (e.g., occupation time and rest) and 

space (e.g., the multi-paddock area in rotational stocking method controlled by the 

fence) (di Virgilio et al., 2019). The traditional pasture management is static and based 

on the balance between productivity and dynamics of plants growth and their utilization 

by the animals by manipulating different variables such as stocking rate, herbage 

allowance and frequency of defoliation (Carvalho et al., 2009; Pontes-Prates et al., 

2020) leading to a management focused mainly on the plant (Schons et al, 2021). 

Despite the different propositions of stocking methods, it is defined or justified 

by controlling the frequency and intensity of the defoliation (Carnevalli et al., 2006; 

Barbosa et al., 2007), a combination that directly affects the sward structure. As a rule, 

rotational stocking is capable of defining the space-time allocation of bites through the 

definition of occupation periods and rest. Yet, continuous stocking has a lower capacity 

of controlling where and when the defoliation will happen (Carvalho et al., 2009). 

In order to try to control sward structures in paddocks continuously stocked, 

many interventions are used to reach an intensification of commercial grazing systems, 

which are usually translated into the better usage of forage resources. For example, 

paddocks are highly subdivided to homogenize the area, which is believed to 

guarantee uniform grazing (Turner et al., 1997). Also, topping (defoliation by mowing 
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the top stratum of the sward) has been largely used in order to reduce dead matter 

material and early inflorescences (between the emergence and flowering) to improve 

pasture quality (McDonald, 1986). Nevertheless, these interventions try to sort out 

problems created by the management itself, disregarding animal evolutionary 

knowledge (Carvalho et al., 2019) 

Briske et al. (2008) indicate that animal and plant productivity do not differ 

between continuous and rotational stocking methods in most of the published grazing 

experiments when under similar stocking rate, but concepts guiding matter the most 

since bites are a detached event and thus, in any grazing management system it is 

"rotational" at the plant level. (Pontes-Prates, 2020). 

Some studies (e.g., Bergman et al., 2001) suggest that ruminants adopt a 

minimum grazing time strategy. Harvesting a higher quantity even though this strategy 

offers them the harvest of a diet with lower nutritional quality (Gordon & Lascano, 1993; 

Bergman et al., 2001).  When it comes to time restriction, some studies suggest that 

both cattle and sheep prefer forages that can be consumed faster, or a high ingestion 

per unit of time (Kenny & Black, 1984; Black & Kenny, 1984; Illius & Gordon, 1990; 

Laca & Demment, 1991; Illius et al., 1992; Demment et al., 1993; Laca et al., 1993; 

Utsumi et al., 2009).  

Allden and Whittaker (1970) state that when the structure is not favorable for 

bite mass, sheep are able to compensate for the difficulty of prehension by an increase 

in grazing time (from 6 to 13 hours). From the same point of view, Hodgson (1981) 

claims that bite rate and grazing time are often considered as the primary 

compensatory responses of animals to ingestive limitations. However, when the sward 

conditions diverge from optimal increases, compensation becomes progressively more 

inefficient as animals have other social activities to perform during the day and their 

physical conditions are also limiting. 

Grazing is a complex combination of various movements and activities 

performed at different temporal and spatial scales. In Figure 1 it is shown why daily dry 

matter intake and consequently animal performance are built through bites (Laca & 

Ortega, 1995; Bailey, 1996). Hence, the major concern in grazing management is to 

offer an adequate sward structure in order to optimize bite mass, and consequently, 

intake rate (Carvalho, 2013). 
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Figure 1 – Spatial and temporal scale of grazing (adapted from Bailey et al. 

1996; Bailey e Provenza 2008)  

Laca and Lemaire (2000) defined sward structure as the spatial arrangement of 

morphological components of a plant, in other words, the arrangement of the aerial 

part of the plants in a plant community. Two types of dry matter distribution can 

characterize sward structure: vertical and horizontal. In the vertical dimension, the 

pasture has height, leaf/stem ratio, and distribution of pasture components (blade, 

stem, and pseudostem) or species in different horizons of the pasture, with the 

horizons themselves varying in density of plant components or species. In the 

horizontal dimension, there is variation in tillers density, plant component, and species 

composition, thus varying in density and mass (Carvalho et al., 2008; Gordon & 

Benvenutti, 2006). 

The variable of sward structure most related to bite mass is sward height (Laca, 

1992). Mezzalira et al. (2014) and Gonçalves et al. (2009) observed that the short-term 

intake rate of cattle and sheep is optimized in sward heights that also optimize bite 

mass. Bite mass has a quadratic relationship with increasing sward height (Mezzalira 

et al 2017). It is explained because bite depth has a linear and positive relationship 

with sward height, but the density increases to a certain point and then decreases by 

the distribution of more dispersed leaves (Cangiano et al., 2002; Laca et al., 1992). 

On the other hand, the lower the sward surface height and the denser the 

pasture, the less effective is the ability of animals to increase the amount of forage 

brought to the mouth. Laca et al. (1992) argue that animals obtain heavier bite mass 

on higher heights and scattered leaves than on dense pastures with lower heights. 
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Therefore, sward height affects the ingestive behavior of animals (Fonseca et al., 

2013). 

Carvalho (2013) proposed a pasture management strategy designed to offer to 

the animals an optimal sward structure to maximize forage intake per unit of grazing 

time based on the concepts of grazing behavior. This grazing management strategy, 

which was named “Rotatinuous”, is characterized by low  intensity and high grazing 

frequency, which means that animals eat predominantly the top grazing stratum of the 

sward, almost exclusively composed of leaves. For that, Carvalho (2013) integrated 

the principles of sward structure (optimal sward height) and animal behavior (short-

term intake rate), to create a grazing management strategy that maximizes and 

maintains the highest forage intake rate. 

This grazing management concept with animal-based pasture targets has been 

already discussed under rotational stocking method (Savian et al., 2018; Savian et al, 

2019; Schons, et al., 2021). The ideal pre-grazing height that maximizes the short-term 

intake rate by animals was investigated for different forage species, such as native 

grassland (Gonçalves et al., 2009), Sorghum bicolor (Fonseca et al., 2012), 

Pennisetum glaucun (Mezzalira et al., 2013), Lolium multiflorum (Amaral et al., 2013), 

Cynodon sp. and Avena strigosa (Mezzalira et al., 2014) and Festuca arundinacea 

Schreb. (Szymczak et al., 2020). 

The same theoretical basis of grazing behavior was used to determine post 

grazing sward height. In order to remain at a constant intake rate, the average post-

grazing height should not be reduced by more than 40% of the pre-grazing height 

(Fonseca et al., 2013). When animals are forced to graze the bottom canopy strata, 

significant reductions in forage intake occur (Mezzalira et al., 2014; Fonseca et al., 

2013), so, the decline in intake rate is associated with changes in sward structure.  

The “Rotatinuous” concept is already applied at the farm level (Carvalho, 2013) 

under rotational stocking method. Mezzalira (2012) noticed that, at bite level, there is 

no difference between stocking methods in the definition of optimal structure. Sward 

height target in continuous stocking is the average between the optimal sward height. 

However, grazing trials in continuous stocking have not been done yet (Carvalho, 

2013). One of its challenges is the spatial control of grazing distribution because 

animals naturally create patches, preferring and avoiding areas in the paddock 

(Anderson et al., 2014). 

 Animals face different spatial heterogeneity of sward height under 

“Rotatinuous” when compared to traditional rotational method and also to the most 

common continuous stocking in Brazil. Opportunities for grazing animals to select 

preferred parts of the plant, such as green leaves, results in greater conversion of 
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forage consumed in kg of animal product (Savian et al, 2021; Schons et al., 2021). 

Also, when different patches are available, animals can select feeding stations that 

maximize their nutrients intake. 

However, besides adjusting stocking rates, and in order to create a more 

favorable sward structure for animals, is it necessary to use different tools to offer 

them? If so, how to offer the structure that maximizes the intake rate under continuous 

stocking, using stocking rate adjustment, fences and topping to modify sward height 

distribution, is the main focus of this Dissertation. 
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3. HYPOTHESIS 

The grazing intervention strategies with fencing or topping to offer plants that 

optimize intake rate do not improve pasture production, herbage intake and 

performance of sheep managed under continuous stocking because the optimum 

sward height is already maintained by stocking rate adjustement. 

4. OBJECTIVES 

To test if interventions to control the sward structure affect/improve pasture 

production, herbage intake and performance of sheep grazing Italian ryegrass under 

continuous stocking method oriented by the Rotatinuous concept. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

17 

 

 

 

 

 

 

 

 

 

 

 

 

 

CHAPTER 2 

 

 

 

 

 

 

 

 

 

 

 



 

18 
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Abstract 

Livestock use 2.5 billion ha of land and consume 6 billion tonnes of feed, of which 86% 

is not eaten by humans. Despite the diversity of production systems, grasslands are 

the main source of ruminant feeding. Thus, grazing is the pivotal feeding process and 

grazing management should seek to provide opportunities to obtain better animal 

performance. These targets are met with the “Rotatinuous” concept, a grazing 

management strategy based on the responses of animal behavior to sward structures, 

which means minimizing time costs and consequently maximizing herbage intake per 

unit of grazing time. However, its application under continuous stocking can be a 

challenge due to the lower control of animals in the paddock. This work was conducted 

in 2019, in a randomized complete block design, analyzing the effects of sheep grazing 

Italian ryegrass (Lolium multiflorum Lam.) in continuous stocking with three different 
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grazing interventions strategies targeting sward height at 15 cm. Which were: stocking 

rate adjustment (Put & Take); use of fences to concentrate animals and mechanical 

topping to reduce sward heights in undergrazed areas or the use of fences to exclude 

animals from overgrazed areas. Twenty-seven castrated lambs with an average live 

weight of 32 ± 2 kg were used. Results indicated that the evaluated techniques just 

homogeneized sward height distribution and did not improve pasture production 

neither increased sheep performance, when Italian ryegrass is managed in a range of 

12 to 18 cm. Considering experimental limits of spatio and temporal scales, stocking 

rate adjustment was enough to offer ideal Italian ryegrass sward structures for sheep 

grazing under continuous stocking. 

 

Keywords: grazing systems, sheep performance, stocking rate adjust, sward 

structure, Italian ryegrass, resource heterogeneity 

Implications  

Our results showed that in continuous stocking method, pasture production and sheep 

performance on Italian ryegrass swards do not improve with manipulations in the sward 

structure with fencing or mechanical topping. This techniques just homogeneize sward 

height distribuition on the spatial and temporal scales studied. Also, we confirmed that 

to achieve high sheep intake and performance, and production per area, Italian 

ryegrass swards under continuous stocking should be managed at 15 cm, on average.  

Introduction 

Grazing is a singular process composed of animal and plant, which has been 

developed and evolved throughout time on grassland ecosystems. Managers try to 
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control and improve this action through the use of interventions over space and time 

(with fences and rest and occupation periods). Nonetheless, their main goal is to 

achieve a more efficient use of forage resources, which might have negative results, 

depending on the limits imposed. 

However, our ability to control environmental effects is inefficient due to traditional 

paradigms and the set of factors selected to manage grazing systems (Laca, 2009). 

The aim of grazing management should be to provide grazing opportunities with a high 

rate of herbage intake and at appropriate grazing intensities, in order to obtain better 

individual performance of the animal. 

Thus, the “Rotatinuous” grazing management concept suggests a new approach, 

using pre- and post-grazing sward heights aiming to allow animals to maximize and 

sustain their intake rate (Carvalho, 2013). Studies applying this approach have 

observed an improvement in animal performance and pasture production (Savian et 

al., 2018; Schons et al., 2021), associated with a reduction in methane emissions 

(Savian et al., 2019, 2021). 

The application of this concept in rotational stocking is eased by the nature of control 

of entry and exit moment of the animals from the strips. Yet, under continuous stocking, 

the use of the same concept reaches a new level of challenge. Even though animal 

control is lesser, the concept does not change and animals may find the ideal 

structures on their own. Studies suggest the need of manipulating the temporal 

foraging pattern considering that grazing creates sward heterogeneity due to the 

selection or avoidance of plants (Rook and Tallowin, 2003). As managers, we may 

have a stocking control in order to provide patches with an optimum average of sward 

heights in the paddock for animals to maximize their intake rate.  
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Despite facilitating grazing management and animal control, just controlling paddock 

size does not eliminate uneven sward heights because animals seek preferred areas 

regardless of paddock size (Anderson et al., 2014). This leads us to our main question: 

Would anthropic intervention ease the grazing process in a continuously stocked 

paddock? If yes, would this ease provide improvements to herbage intake, animal 

performance and pasture production? 

Thus, our objective was to analyze if the use of interventions to provide grazing 

opportunities improves herbage intake, animal performance and pasture production. 

To offer these opportunities, we controlled sward height distribution with stocking 

adjustment, fencing and topping using sheep grazing Italian ryegrass under continuous 

stocking method oriented by the “Rotatinuous” concept. 

 

Material and methods  

Experimental site  

The experiment was conducted at the Experimental Station of the Faculty of Agronomy 

(EEA) of the Federal University of Rio Grande do Sul (UFRGS), in southern Brazil 

(30°05”22’S, 51°39”09’W, and 46 m a.s.l.), with a subtropical humid “Cfa” climate 

according to the Köppen classification. In 2019, the annual mean air temperature was 

19.8°C and annual rainfall was 964.8 mm (EEA-UFRGS).  

An experimental area of 2.25 ha was divided into nine square-shaped paddocks 

(experimental units) of 0.25 ha each.  The soil of the experimental site was classified 

as a Typic Paleudult (USDA, 1999), with 17.5% clay, 20% silt and 62.5% sand. Yet, in 

the 0–20 cm layer, the soil presented a pH of 4.05, SMP index of 6.05, 23.2 mg/dm3 of 
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available P by Bray method, 105.5 mg/dm3 of available K by Mehlich 1 extraction 

method, 22.7 g/kg of OM, 0.60 cmolc/dm3 of exchangeable Al3+, cation exchange 

capacity of 3.77 cmolc/dm3 and 39.5% of base saturation (Schons et al., 2021). 

Italian ryegrass (Lolium multiflorum Lam.) seeds (36 kg/ha) were broadcasted on May 

20th and June 7th, 2019, after conventional soil preparation (plowing and disking). A 

total of 70 kg of nitrogen in the form of urea were broadcasted equally in two moments, 

on June 25th and August 30th, 2019.  

The experimental stocking season was 95 days, starting on July 25th and finishing on 

October 28th, 2019. 

 

Experimental design and treatments 

A randomized complete block design with three replicates (paddocks) was used to test 

three grazing intervention strategies, and the slope of the area was used as a blocking 

criterion. The pasture manipulation treatments were applied under continuous 

stocking, and the sheep grazed Italian ryegrass swards in a target sward height of 15 

cm because it is the average between optimal sward heights for rotational stocking (18 

and 12 cm for pre- and post-grazing) as proposed by Amaral et al. (2013) and Carvalho 

(2013). T1) only put-and-take (Mott and Lucas, 1952), which means that the stocking 

rate was adjusted weekly to maintain the sward height target of 15 cm; T2) put-and-

take plus fence, which means that the stocking rate was adjusted weekly and animals 

were concentrated in under-grazed areas of the paddock (where the average sward 

height was above 18 cm) and a grazing deferment with the fence was promoted in 

over-grazed areas of the paddock (where the average sward height was below 12 cm), 

both of them for short periods until Italian ryegrass reach 15 cm, on average; and T3) 
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put-and-take plus fence plus topping, which means that the stocking rate was adjusted 

weekly and pasture of under-grazed area of the paddock was mechanical topping with 

a string trimmer at 15 cm when it exceeded 18 cm, and over-grazed areas also were 

fenced for grazing deferment when sward height was below 12 cm. In T2 and T3 

treatments, the paddocks were divided into eight virtual quadrants of 312 m² (Figure 

1) in order to apply the pasture manipulation treatments (fence or mechanical topping). 

 

Fig. 1. Illustration of grazing intervention strategies treatments. All treatments had stocking 

rate adjustments. (T1) Put-and-take treatment uses just animals for regulating average sward 

height;  (T2) Put-and-take plus fence treatment had deferment of overgrazed areas (<12cm) 

illustrated by the red X and concentration of animals in areas undergrazed (>18cm) illustrated 

by the sheep; (T3) Put-and-take plus fence plus mechanical topping treatment had areas 
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deferred when overgrazed (<12 cm) illustrated by the red X and undergrazed areas were 

topped with a string trimmer (>18 cm) identified by the grey color. 

Pasture measurements 

The sward height was measured through 280 points per paddock every 15 days using 

a sward stick (Barthram, 1985) coupled to an RTK-GPS (EMLID REACH RS GNSS 

RTK) to record spatial distribution of sward height, and to identify over-grazed or sub-

grazed areas in the paddock in order to apply the interventions in each paddock. 

Between the georeferenced measurements, the sward stick without RTK-GPS was 

used to make 150 undisturbed readings of sward heights per paddock, which means 

that every week the sward heights in all paddocks were measured.  

Herbage mass was determined by clipping five random quadrats (0.25 m2 each) per 

paddock at ground level every 21 days. At the end of the stocking season, five random 

quadrats were clipped in each paddock to measure residual herbage mass.  

Five grazing exclusion cages randomly distributed in each paddock were used to 

estimate daily herbage accumulation rate every 21 days (Klingman et al., 1943). 

Herbage accumulation rate was obtained by dividing the accumulated herbage by the 

number of days between cuts. Total herbage production (THP) was calculated as the 

mean daily herbage accumulation rate along the stocking period, multiplied by the 

number of days of the stocking season and summed to the herbage mass at the 

beginning of the experiment. 

Italian ryegrass sub-samples were taken to morphological separation. Each sub-

sample was manually separated into leaf blades, stem plus sheath, dead material and 

inflorescences. To know the partial dry matter (DM) of herbage, all herbage samples 
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were dried in a forced-air oven at 55°C for 72 hours until constant weight. The herbage 

samples were not corrected to DM at 105°C.  

Average herbage allowance was calculated according to Sollenberger et al. (2005) 

[herbage allowance (kg DM/kg LW) = herbage mass (kg DM/ha) / animal LW (kg/ha)]. 

We used the Gini coefficient as an indicator of the sward height heterogeneity, which 

is a mathematical measure of inequality that is applied in several fields (Gini, 1921). 

Gini values quantify the relative inequality height among points of sward heights in a 

paddock when applied to sward structures. 

Sward structure manipulations  

The pasture interventions were applied right after the accomplishment of sward height 

measurements with the RTK-GPS. During the stocking season, georeferenced sward 

heights were measured on 7 occasions (period).   

In the first two weeks of the stocking season, the target sward height was maintained 

using only the put-and-take method for all treatments. After that, in addition to animal 

adjustment by put-and-take method, it was necessary to fence 21% and 46% of the 

overgrazed areas in T2 and T3 treatments, respectively. These areas were evaluated 

daily with 30 points of sward height to determine the duration of sward manipulations, 

which varied from 3 to 16 days. From September 9th until the end of the stocking 

season, we increased the grazing pressure in 46% of the area of T2 treatment. The 

duration of these manipulations varied from 2 to 7 days. In the T3 treatment, 45% of 

the surface was topped to 15 cm once on September 20th. 

Animal management and measurements 
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The experimental animals were Corriedale and Texel castrated male lambs with 32 ± 

2 kg of LW and an average of 10-month-old. The sheep were separated by breed and 

LW and allocated randomly in blocks at the beginning of the stocking season. Each 

paddock had three test-sheep (permanent animals over the whole stocking season). 

Sheep had free access to freshwater. At the beginning and end of the stocking season, 

to quantify LW, sheep were fasted for 12 hours.  

The stocking rate (kg LW/ha) was obtained by the relationship between the number of 

animals and the total area of the paddock. Average daily gain (ADG; kg/animal/day) 

was obtained by the difference of the final and initial LW of the test-sheep divided by 

the number of days of the stocking season. The LW gain per hectare (LWG, kg/ha) 

was calculated by the number of animals per hectare multiplied by ADG of test-animals 

and its result was divided by stocking season duration in days to obtain the daily LW 

gain per hectare. Feed conversion (kg OM intake/kg LW gain) was calculated by 

dividing the organic matter intake per sheep per day divided by the ADG. 

Estimation of sheep herbage intake 

To estimate daily organic matter intake, we used the faecal crude protein technique 

(Penning, 2004). For that, we used an Italian ryegrass equation proposed by Azevedo 

et al. (2014) [OM intake (g/sheep per day) = 111.33 + 18.33 × faecal crude protein 

(g/sheep per day)].  

Two daily OM intake measurement periods were performed during the stocking 

season, each period consisted of total faeces collection during five consecutive days. 

For that, three test-sheep per paddock were used (n = 54; 3 sheep per paddock, 9 

paddocks, and 2 measurement periods). The sheep were equipped with faeces 

collecting bags (Penning, 2004), which were emptied every morning. The faeces were 
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weighed and homogenized and a sub-sample of 20% of the total was taken. Then, 

these faecal samples were dried at 55°C for 72 h, grouped per animal, ground with a 

knife mill (1-mm screen), and analysed for DM, OM and crude protein (N × 6.25) 

(AOAC, 1975). 

Statistical analysis 

All response variables were checked for normality by the Shapiro test (P>0.05), 

homogeneity of variance by Bartlett’s test (P>0.05) and visual residual analysis. When 

the assumptions of the analysis of variance (ANOVA) were not achieved, the data were 

log10 transformed. 

Data were subjected to ANOVA at a 5% level of significance, using linear mixed-effects 

models with the LMER function from the lme4 package in R Studio software version 

3.6.1 (R Core Team, 2020). The grazing intervention effect was considered as a fixed 

effect in the statistical models, and we tested the inclusion of different random effects. 

Then, to define the best fit model the Akaike’s Information Criterion was used. Also, 

sward height classes were considered fixed effects for sward height frequency as well.  

The model for sward height frequency, herbage mass and herbage intake that was 

evaluated in different periods over time includes the effect of paddock nested in each 

period as random effects to account for a potential lack of independence among 

repeated observations on the same paddocks over the periods. For average sward 

height, Gini coefficient, herbage allowance, morphological composition of herbage, 

random effects were period and block. For the herbage accumulation rate, total 

herbage production, stocking rate, gain per area, daily gain per area and average daily 

gain variables the final model included block as a random effect. For the variable forage 

mass residual, the final model included only paddock as a random effect. 
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Results  

Pasture 

Italian ryegrass sward heights did not differ (P = 0.286) between the grazing 

intervention treatments (Figure 2), with an average of 14.7 ± 0.3 cm during the stocking 

season, which was in line with the sward height target proposed. Despite the average 

sward heights that did not differ statistically, when the Gini coefficient was performed 

the average sward height heterogeneity was different between treatments (P < 0.001). 

That is, the sward heights distribution of T1 treatment presented greater heterogeneity 

(0.273) than T2 (0.227) and T3 (0.248) treatments (Figure 2). 
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Fig. 2. Gini coefficient density of Italian ryegrass sward height distribution managed under 

continuous stocking and grazed by sheep under different grazing intervention strategies. (T1) 

put-and-take treatment uses just animals for regulating average sward height; (T2) put-and-

take plus fence treatment had deferment of overgrazed areas (<12cm) and concentration of 

animals in areas undergrazed (>18cm); (T3) put-and-take plus fence plus mechanical topping 

treatment areas were also isolated when overgrazed (<12 cm) and were topped at 15 cm with 

a string trimmer when undergrazed (>18 cm). Mean sward height is plotted to the right of each 

treatment curve and do not differ (P = 0.286). Different letters differ significantly at 0.05. 

 

The frequency of sward height classes that were below (from 0 to 12 cm), above (> 18 

cm), and in the ideal animal intake height range (between 12 and 18 cm) over the entire 

grazing season are presented in Figure 3. We observed a difference in the sward 
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height classes offered (P < 0.001). On T1 treatment, sward heights in the range 0 to 

12 cm represented 42%, which are 9.5% and 16.5% higher than ideal (32.5%) and 

above (25.5%) classes, respectively. On T2 treatment, the ideal class was 39.7%, 

which was numerically higher than the below class (33.5%) and significantly higher 

than the above class (26.8%). Moreover, for T3 treatment, both below and ideal 

classes were significantly higher than the above class, being 37.8, 36.7 and 25.6%, 

respectively. However, no differences among treatments were observed for each 

sward height class offered (P > 0.05).  

 

Fig. 3. Frequency of sward height classes of Italian ryegrass swards managed under 

continuous stocking and grazed by sheep under different grazing intervention strategies. (T1) 

put-and-take treatment uses just animals for regulating average sward height; (T2) put-and-

take plus fence treatment had deferment of overgrazed areas (<12cm) and concentration of 
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animals in areas undergrazed (>18cm); (T3) put-and-take plus fence plus mechanical topping 

treatment areas were also isolated when overgrazed (<12 cm) and were topped at 15 cm with 

a string trimmer when undergrazed (>18 cm). Lowercase letters show the difference of the 

sward height classes offered within each treatment. Capital letters show the difference 

between the treatments within each sward height class offered. Different letters differ 

significantly at 0.05. 

 

Table 1 shows the average value for variables of Italian ryegrass pastures for each 

treatment. There were no statistical differences (P > 0.05) for any of the following 

variables: herbage accumulation rate (mean 56.1 ± 6.9 kg DM/ha), total herbage 

production (mean 6765 ± 807 kg DM/ha), herbage allowance (mean 2.8 ± 0.22 kg 

DM/kg LW), herbage mass (mean 1625 ± 46 kg DM/ha), and residual herbage mass 

(mean 1503 ± 81 kg DM/ha).  

 

Table 1 - Variables of Italian ryegrass pastures grazed by sheep under different 

grazing manipulation strategies. 

Variables T1 T2 T3 SEM P-value 

Herbage mass (kg DM/ha) 1716 1618 1542 46 0.221 

Morphological composition      

Leaf blade (%) 61.8 63.5 63.8 2.85 0.808 

Stem+sheath (%) 24.7 21.7 21.0 1.78 0.092 

Dead material (%) 11.2 11.1 11.7 1.29 0.981 

Inflorescence (%) 2.9 2.3 1.9 0.379 0.398 

Leaf blade:Stem+sheath ratio 0.93 1.17 1.22 0.698 0.166 

Herbage allowance (kg DM/kg LW) 3.28 2.63 2.55 0.22 0.235 

Daily Herbage accumulation rate (kg DM/ha) 62.5 47.6 58.2 6.87 0.527 

Total herbage production (kg DM/ha) 7666 6042 6587 807 0.569 
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Residual herbage mass (kg DM/ha) 1503 1440 1581 81 0.751 

T1 = only put-and-take treatment uses just animals for regulating average sward height; T2 = put-and-

take plus fence treatment had deferment of over-grazed areas (<12cm) and concentration of animals in 

areas under-grazed (>18cm); T3 = put-and-take plus fence plus mechanical topping treatment areas 

were also isolated when over-grazed (<12 cm) and were topped at 15 cm with a string trimmer when 

under-grazed (>18 cm).  

DM = dry matter; LW = live weight; SEM = standard error of the mean. 

 

Animal performance 

Table 2 shows the effect of grazing manipulation strategies under continuous stocking 

on animal performance in each treatment. No differences (P > 0.05) between 

treatments were observed for all variables. The ADG was 0.117 ± kg/sheep, on 

average. The total LW and daily LW gain per area were, on average, 240 ± 30 kg 

LW/ha and 2.6 ± 0.3 kg LW/ha/day, respectively. The stocking rate was 728 ± 63 kg 

LW/ha, on average. 

 

Table 2 - Animal production, intake and feed conversion by sheep grazing Italian 

ryegrass managed under different grazing manipulation strategies. 

Variables T1 T2 T3 SEM P-value 

Average daily gain (kg/sheep) 0.123 0.120 0.108 0.008 0.189 

LW gain (kg LW/ha) 255 260 206 30.0 0.4956 

Daily LW gain (kg LW/ha) 2.8 2.9 2.3 0.34 0.505 

Stocking rate (kg LW/ha) 702 806 676 63.0 0.845 

OM intake (g/sheep/day) 901 787 770 26 0.308 

OM intake (% LW) 2.25 2.04 1.92 0.1 0.185 

OM intake per area (kg OM/ha/day) 16.9 16.2 13.6 1.2 0.460 

Feed conversion (kg OM/kg LW gain) 7.6 6.7 7.6 0.4 0.506 
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T1 = only put-and-take treatment uses just animals for regulating average sward height; T2 = put-and-

take plus fence treatment had deferment of over-grazed areas (<12cm) and concentration of animals in 

areas under-grazed (>18cm); T3 = put-and-take plus fence plus mechanical topping treatment areas 

were also isolated when over-grazed (<12 cm) and were topped at 15 cm with a string trimmer when 

under-grazed (>18 cm).  

LW = live weight; OM = organic matter; SEM = standard error of the mean. 

 

No difference was observed between the treatments for herbage intake (P = 0.308; 

mean 819 ± 26 g OM/sheep/day), OM intake expressed as a percentage of LW (P = 

0.185; mean 2.07 ± 0.1 %), OM intake per area (P = 0.459; mean 7.3 ± 0.4 kg 

OM/ha/day), and feed conversion (P = 0.506; mean 7.3 ± 0.4 kg OM/kg LW gain). 

Discussion  

Our study showed that managing under continuous stocking at moderate defoliation 

intensity (e.g., range of 12 and 18 cm throughout the stocking cycle) offers a high 

proportion of green leaf to the grazing animal, and intervention with fences or 

mechanical topping (in order to offer ideal sward structures) does not improve their 

herbage intake and performance, neither affects herbage production. Hence, in Italian 

ryegrass swards managed under continuous stocking, it is conceivable to maintain 

optimum average sward heights only with stocking rate adjustment, promoting a non-

limiting sward heterogeneity for the animals to find out ideal sward heights that support 

a high herbage intake per unit of time and consequently per day. 

The sward height frequency between 12 and 18 cm, which means 1/3 of sward heights 

offered among treatments (Figure 3), endorse the animals were managed under sward 

structures that favor high herbage intake per grazing time. Therefore, our main 

question “How to offer optimal sward structures for grazing lambs in continuous 
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stocking?” has been answered. Overall, all grazing manipulation strategies were 

efficient in offering ideal sward heights. 

Despite the expectation to observe less heterogeneity under the put-and-take plus 

fence plus topping strategy (T3 treatment), this study showed that, in fact, this grazing 

manipulation strategy had a higher Gini coefficient than the put-and-take plus fence 

(T2 treatment) (Figure 2). It might be explained due to the intervention duration 

difference between T2 and T3 treatments. While on T3 — with mechanical topping — 

the sward height target (15 cm) was achieved almost instantaneously, on T2 treatment 

— by grazing down with fence concentration — it was required 2 to 7 days to reach 

the same goal.  It is important to remember that put-and-take intervention was applied 

to all treatments and that the Gini coefficient difference is a result of fencing and 

topping. 

In addition, a higher Gini coefficient was observed when only stocking rate adjustment 

(T1) was used. This result makes sense because grazing is the main creator of spatial 

heterogeneity (Adler et al., 2001), especially when associated with the lower control 

on the sward height distribution of this treatment. We hypothesized that no differences 

would be observed on animal and plant production because all treatments aimed to 

maintain the offer of ideal structures throughout the stocking season. The lack of 

differences between sward structure variables between treatments (Table 1) confirms 

our hypothesis and can be explained by the moderate grazing defoliation regime. 

Recent studies confirmed that set grazing management goals with moderate 

defoliation levels promote a canopy with more leaf area and growing points to intercept 

and use light for herbage accumulation (Lemaire and Chapman, 1996; Silveira et al., 

2013; Martins et al. 2019). Our findings suggest that continuous stocking at moderate 

defoliation intensity produces a high proportion of green leaves. Consequently, a 
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higher proportion of green leaves in the grazed horizon may explain the high 

performance of the animals. According to da Silva et al. (2013), grazing the higher 

quality leaves frequently results in a better balance among the rate of leaf growth, 

reduced leaf senescence, and amount of leaf removal by the animals. 

In the same way, the sward variables were consistent with previous findings by other 

authors (Savian et al., 2018; Schons et al., 2021) that found similar herbage mass and 

morphological components managing sward heights of Italian ryegrass under 

rotational stocking under “Rotatinuous” grazing concept. Herbage allowance ranged 

between 3.2 and 2.5 among treatments which are in agreement with the findings of 

Schons et al. (2021). 

Similarly, animal results (Table 2) are in agreement with those reported on the 

literature, studies using Italian ryegrass swards managed under continuous stocking 

at an average of 15 cm, which means moderate grazing intensity, offered the 

opportunity to improve herbage production while favoring animal ADG and LWG/ha 

(Farias et al., 2020; Planisich et al., 2021). Also, Schons et al. (2021) found similar 

ADG values (0.119 kg sheep/day) to sheep grazing Italian ryegrass under rotational 

stocking and under the “Rotatinuous” concept.  

Although there was no difference for OM herbage intake, T1 treatment was 14,54% 

and 12,65% higher than T3 and T2 treatments, respectively. It might have happened 

due to the higher heterogeneity of sward height distributions on T1 treatment. In 

paddocks continuously grazed with no interventions other than stocking adjustment, 

animals modify sward spatial distributions and maintain patches throughout the grazing 

season (Cid and Brizuela, 1998). It happens as a result of animal behavior (e.g., resting 

areas) and because grazing is a discrete process in space and time (Laca, 2009). Also, 
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spatial heterogeneity of sward height benefits instantaneous intake rate, allowing 

animals to select a better diet than the average available (Pontes-Prates et al., 2020). 

Anthropic interventions (fence and topping) are usually used to seek homogeneity of 

sward structures in a paddock (Turner et al., 1997) and to induce growth and nutritional 

quality (Kolver et al., 1999; Mc Donald, 1986). Those practices are very labor-intensive 

and probably more expensive. Then, appropriate grazing management strategies by 

themselves result in a more practical and probably cheaper alternative for producers. 

In this study, the main objective was to provide grazing opportunities through different 

forms of controlling sward height distributions by the “Rotatinuous” concept guidelines. 

Our results reinforce the importance of keeping proper management. Once a non-

limiting situation for grazing behavior is set, the selection of the stocking method 

becomes secondary (Briske et al., 2008). Ergo, we have different pathways to achieve 

the same result. From this point on we should consider management parameters (e.g., 

costs, familiarity, goals and farm strategies) not animal performance, herbage intake 

nor pasture production.  

Considering the experimental spatio-temporal scales, grazing intervention strategies 

used in this experiment (fence and topping) homogeneized the sward height 

distribution but did not improve any of the pasture and animal variables analyzed. 

Maybe in an longer stocking season and in a larger area, these interventions could 

impact positively since they were managed in an optimal sward height. When it comes 

to grazing management, humans control only spatio-temporal aspects at paddock level 

and we often do it poorly because our focus is to intensify the management with 

supplies. This tells us that we should learn from animals, not teach them (Carvalho, 

2005).  This study is important to give a step forward to comprehend animal and sward 
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heterogeneity interface and how to offer an ideal sward height in continuous stocking 

under the “Rotatinuous” concept. 
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FINAL CONSIDERATIONS 

Stocking adjustment, fencing and mechanical topping are common 

interventions used by managers aiming to have a better herbage nutritive value and 

homogenize sward structure distributions. These actions might ease the grazing 

management and can help offer good sward structure to be grazed by animals. 

However, depending on the limits imposed they can reduce the selective behavior of 

animals, reducing the productive potential of the field. 

In this dissertation, we hypothesized that by offering an ideal sward structure for 

sheep grazing Italian ryegrass in continuous stocking under the “Rotatinuous” concept, 

no differences would be observed for pasture production, herbage intake and sheep 

performance because animals are able to graze in an ideal sward height distribution 

(range of 12 and 18 cm), regardless the use of intervention such as fencing and 

mechanical topping.   

Finally, in order to achieve high sheep herbage intake and performance, and 

production per area, we recommend that Italian ryegrass swards under continuous 

stoking should be managed at 15 cm, on average. 
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Single appendix - Rules to elaborate and submit a manuscript for Animal Journal
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