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Abstract

A two-year experiment assessed herbage production and above- and below-ground

characteristics of a highly productive monoculture (‘BRS Zuri’ guineagrass [Panicum

maximum Jacq.]) and two mixtures of three grasses (Mixture 1: ‘BRS Zuri’ guineagrass,
‘BRS Xaraés’ palisadegrass [Brachiaria brizantha Stapf.], and ‘Basilisk’ signalgrass [Bra-

chiaria decumbens Stapf.]; Mixture 2: ‘BRS Quênia’ guineagrass [Panicum maximum

Jacq.], ‘Marandu’ palisadegrass [Brachiaria brizantha Stapf.], and ‘BRS Paiaguás’ palisa-
degrass [Brachiaria brizantha Stapf.]), cultivated in the Brazilian tropical savanna. Mix-

tures 1 and 2 were subjected to two grazing intensities (removal of 40 or 60% of pre-

grazing height) and ‘BRS Zuri’ guineagrass monoculture was defoliated to a single graz-

ing intensity of 50%. Treatments were randomly assigned to fifteen 0.25-ha plots and

managed under intermittent stocking by cattle. Herbage accumulation rate was similar

among pastures and years (p > .1). The root mass in the tussocks did not differ (p > .1),

with mean values ranging between 0.62 to 1.81 kg DM m!2. Root density in the tus-

sock interspaces was greater in the mixtures (p < .001), regardless of seasons (p = .405)

and years (p = .292). The mixtures were dominated by guineagrass (70%) and palisade-

grass (30%) at the end of the experiment, with the population of ‘Basilisk’ and ‘BRS
Paiaguás’ being completely suppressed throughout the experimental period. Mixing

guineagrass and brachiariagrasses can be an alternative to the traditional pastoral sys-

tems in the tropics, as it does not compromise herbage production and presents a

capacity to produce more roots than a very productive monoculture of ‘BRS Zuri’
guineagrass.
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1 | INTRODUCTION

Studies have shown that multispecific swards can be a valuable option

to the traditional monocultures. This is because intercropping has sev-

eral ecological and agronomical benefits, including greater herbage

production (Cardinale et al., 2007; Paredes et al., 2018), stability

(Creissen et al., 2013; Gross et al., 2014; Hector et al., 2010;

Sanderson et al., 2006), and light usage efficiency (Naeem et al., 1994;

Spehn et al., 2000). These benefits are likely due to architectural com-

plementarity among species (enhancing leaf area index [LAI] and light

absorption), as well as differences in stress and disturbance tolerance,

and growth factors requirements throughout the year.

In addition to the above-mentioned benefits, the complementar-

ity among species can also enhance below-ground production and soil

characteristics. For example, Mommer et al. (2010), working with pure

and mixed stands of two cool-season grasses (Anthoxanthum odoratum
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and Festuca rubra) and two forbs (Leucanthemum vulgare and Plantago

lanceolata), observed greater root biomass in the first year when the

four species were mixed. They suggested that the greater root mass

in the mixtures could be responsible for increases in soil organic mat-

ter (carbon stock), mineralization and availability of nitrogen (nutrient

stock) for plants present in the community and, finally, for the positive

relationship between diversity and productivity. Paredes et al. (2018)

compared root biomass and soil aggregate stability in monocultures

and mixtures of some warm-season grasses (Panicum virgatum,

P. coloratum Eragrostis superba, and E. curvula) in the Dry Pampas of

central Argentina, under shallow soil conditions. They reported a

greater root biomass and soil aggregate stability in more biodiverse

swards.

Despite the well-documented advantages of more biodiverse

swards over monocultures, animal husbandry in the tropics is

mainly based on monocultures of brachiariagrass (especially Bra-

chiaria brizantha Stapf.) and guineagrass (Panicum maximum Jacq.),

and intercropping such species is still underexplored by farmers

and the scientific community. Brachiariagrasses have a wide vari-

ety of growth habits (i.e., caespitose, decumbent, or stolonifer-

ous), intermediate size, and are well-adapted to more restrictive

environmental conditions (Da Silva et al., 2015; Euclides

et al., 2010; Miles et al., 2004). On the other hand, guineagrass

is a tall tussock forming species (with wide open inter-tussocks

spaces) and is one of the most productive warm-season grasses,

thus depending on high soil fertility to express its maximum

productive potential (Muir & Jank, 2004). These complementary

characteristics (i.e. different size and shapes and adaptation to

edaphoclimatic conditions) could make them good candidates for

intercropped systems.

We hypothesized that mixed swards of brachiariagrasses and gui-

neagrass can yield better (above- and below-ground) than a highly

productive monoculture of guineagrass. In this context, the objective

of this study was to evaluate whether a mixture of guineagrass and

brachiariagrasses could be an alternative to traditional pasture mono-

cultures in the tropics.

2 | MATERIALS AND METHODS

This study was carried out in Campo Grande, Mato Grosso do Sul,

Brazil (20!270 S, 5!370 W; and 530 m a.s.l.), from July 2017 to April

2019. According to Köppen classification, the regional climate is rainy

tropical savanna (Aw subtype), characterized by a seasonal rain distri-

bution (September to May) and a dry winter period (May to

September) (Alvares et al., 2013). Figures 1 and 2 present the weather

data during the experimental period. The soil in the area is classified

as a dystrophic Red Latosol (EMBRAPA, 1992), and its physical and

chemical properties, as evaluated before and throughout the experi-

ment, are listed in Table 1. The experimental area had 5.5 ha, divided

into fifteen 0.25-ha plots (experimental units) plus a reserve area of

1.75 ha for the maintenance of the animals used in this trial. The

experimental design was completely randomized with five treatments

(one monoculture and two mixtures at two defoliation intensities;

named hereafter as pastures) and three replications.

The species that made up the mixtures were chosen for their abil-

ity to integrate plants with different architectures and functional

groups (Cruz et al., 2002; Silveira et al., 2010) in the same pasture,

with the goal of exploring greater three-dimensional complementarity.

Thus, Mixture 1 was conceived to form a taller canopy, and it was

originally composed by ‘BRS Zuri’ guineagrass (a caespitose resource-

acquisitive species), ‘BRS Xaraés’ palisadegrass (Brachiaria brizantha

[Hochst, ex A. Rich.] Stapf., a caespitose species with less resource-

acquisitive traits), and ‘Basilisk’ signalgrass (Brachiaria decumbens

Stapf., a decumbent with more resource-conservative traits). Mixture

2 was conceived to form a shorter canopy, and it was originally com-

posed by ‘BRS Quênia’ guineagrass (Panicum maximum Jacq., a caespi-

tose resource-acquisitive species), ‘Marandu’ palisadegrass (Brachiaria
brizantha [Hochst. ex A. Rich.] Stapf., a cespitose species with less

resource-acquisitive traits), and ‘BRS Paiaguás’ palisadegrass (Bra-

chiaria brizantha [Hochst. ex A. Rich.] Stapf., a caespitose with more

resource-conservative traits). The monoculture was composed by BRS

Zuri guineagrass because: (i) the higher productive capacity of guinea-

grasses when compared to other warm-season grasses; (ii) good
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F IGURE 1 Monthly weather data
during the experimental period in Campo
Grande, MS, Brazil. Source: CPTEC/INPE.
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Abstract

The diversity of traits plays a key role in the maximization of ecosystems' multi-

functionality, but interspecific competition in defoliated swards can lead to unpre-

dictable changes in the functional traits over the plant community. However, we

hypothesize that interrupting canopy regrowth at a height corresponding to critical leaf

area index (LAI), associated with moderate intensity of defoliation, can be an effective

management to preserve the functional traits of contrasting growth strategy grasses

cultivated as a mixture. A 2-year experiment was conceived to assess continuously sev-

eral traits of three cool-season perennial grasses (Arrhenatherum elatius [exploitative],

Dactylis glomerata [moderately exploitative] and Festuca arundinacea [conservative]) cul-

tivated as single species stand or as a mixture. Dactylis glomerata was the less produc-

tive stand but no difference was observed between the mixture and the most

productive monocultures. No change was observed in functional traits, whether the

species were cultivated as monoculture or as a mixture. The dissimilarities over traits

and, therefore, the functional identity of contrasting growth strategy grasses growing in

multi-specific swards was preserved when canopy regrowth was interrupted at a height

corresponding to the critical LAI associated with moderate intensity of defoliation. Since

the diversity of traits maximizes ecosystem multi-functionality, our findings provide a

step forward towards designing management practices that enhance ecosystems ser-

vices delivered by cultivated multi-specific grasslands.

K E YWORD S

defoliation, functional identity, morphogenetic traits

1 | INTRODUCTION

Grasslands are a global and multifunctional resource that has been threat-

ened by human activities. Much more than a source of food for grazing

animals, grasslands provide several ecosystem services (ES; Bengtsson

et al., 2019) that can be boosted by increasing species diversity. Accord-

ingly, establishing persistent and multi-specific grasslands should become

a goal and could be important in providing a more sustainable food pro-

duction chain and enhance grasslands ES (Volaire et al., 2014).

Despite that, the management of more complex grass swards can

be rather complicated since depending on the extent and intensity of

the stresses (e.g., drought, nutrient deficiency) and disturbances

(e.g., defoliation, fire, severe frost) to which a community is subjected,

some plants are more effective at adapting and, therefore, become

dominant (Grime, 1974; Tilman, 1982). In fact, conservative forage

species dominate unfertilized swards, while similar proportions of

exploitative forage species may be observed in rich-soil environments

(Quétier et al., 2007). However, according to Liancourt et al. (2005),
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resource availability (mainly water and nutrients) increases competi-

tion intensity among plant species with contrasting growth strategies,

even if the ranking of their competitive responses remains unchanged.

Also, high doses of nitrogen supply associated with infrequent defolia-

tion possibly intensify the dominance effect, suppressing less adapted

forage species (Pontes et al., 2012), although herbivory can offset spe-

cies losses by attenuating light competition (Borer et al., 2014).

Despite some complexity to build and manage more biodiverse

swards, it is relatively well established that multi-specific communities

are more likely to persist in scenarios of greater functional comple-

mentarity (limiting similarity hypothesis; MacArthur & Levins, 1967),

which could be achieved by associating plant species with different

functional traits (Volaire et al., 2014). Although most functional traits

are genetically determined, plants can modify their morphology in

response to variation in abiotic factors, such as light, water and nutri-

ents (Abakumova et al., 2016) and disturbance. Thus, stress and dis-

turbance can lead to unpredictable changes in traits over the plant

community and, eventually, increase the likelihood of a given plant to

survive and dominate swards (or, even, to be displaced). Therefore, in

mixed swards comprising grasses with different growth strategies,

defoliation management that preserves the original species functional

identity could facilitate coexistence and increase the likelihood of

gathering the benefits of more biodiverse swards.

Regarding defoliation management strategies, interrupting

regrowth when pastures reach the critical LAI (LAIc; Brougham, 1956),

associated with severity of defoliation lower than 50% of their corre-

sponding height, have already been shown as a way to enhance herb-

age accumulation rate (Martins et al., 2021), nutritive value and

herbage intake (Schmitt, Padilha, Medeiros-Neto et al., 2019) and ani-

mal performance (Difante et al., 2010) while mitigating greenhouse

gas emissions (Congio et al., 2018, 2019), in a wide variety of pasture

monocultures when compared with more infrequent and severe defo-

liations (Da Silva et al., 2015). As such defoliation management atten-

uates light competition and disturbance, it is reasonable to

hypothesize that interrupting canopy regrowth at heights correspond-

ing to the critical LAI, associated with moderate intensity of defolia-

tion, could be an effective management strategy to preserve

functional traits of grasses with contrasting growth strategies culti-

vated as a mixture in a rich-soil environment. Therefore, the aim of

this work was to determine whether a defoliation management

already used in single species stands could be a way to preserve dif-

ferences in functional traits in grasses with contrasting growth strate-

gies growing in a mixed sward and in rich-soil environment.

2 | MATERIALS AND METHODS

2.1 | Experimental site

The experiment was conducted between June 2014 and July 2016.

The region has a Cfb-type climate (humid, subtropical, under oceanic

influences; Köppen climate classification) with cool winters, mild sum-

mers, and well-distributed annual rainfall (Alvares, Stape, Sentelhas

et al., 2013). No water deficits were observed during the experimental

period, and temperature (minimum, average and maximum) were

within historical averages (Figure 1). Soil analyses performed in the 0–

20 cm layer revealed the following chemical characteristics: pH

(Shoemaker–McLean–Pratt) = 5.8, organic matter = 1.4%,

Ca = 6.31 cmolc dm!3, K = 180 mg dm!3, P = 8.7 mg dm!3,

Mg = 4.04 cmolc dm!3, H + Al = 4.6 cmolc dm!3, cation exchange

capacity at pH 7.0 = 15.4 cmolc dm
!3, base saturation = 70.2%, and

clay proportion = 46%.

2.2 | Treatments and experimental conditions

The treatments consisted of pure and mixed stands of three cool-

season perennial grasses with different growth strategies

(i.e., different capacities for resource utilization). The selected species

were: Arrhenatherum elatius (L.) P. Beauv. ex J. Presl and C. Presl,

which has a high specific leaf area (SLA) and leaf nitrogen content and

is, therefore, considered exploitative; Festuca arundinacea Schreb.

cv. Quantum II, a conservative species with low SLA and leaf nitrogen

content; and Dactylis glomerata L., a moderately exploitative species

with intermediary characteristics when compared with the other spe-

cies (Cruz et al., 2002; Gross, Suding, Lavorel, & Roumet, 2007; Maire

et al., 2009; Pontes et al., 2010). Such species were chosen because:

(i) they are potentially dominant (Pontes et al., 2012; Roscher

et al., 2007); (ii) their coexistence is generally favoured through associ-

ation with species possessing different functional strategies (limiting

similarity principle; Chesson, 2000; MacArthur & Levins, 1967).

The experimental site was established in April 2013, after remov-

ing all the existing plants through conventional tillage. Sowing was

performed manually by broadcasting on 13 June 2013, at a density of

18 kg ha!1 of pure viable seeds (i.e. the commercial recommendation

of 15 kg ha!1 + 20%), in twelve 45 m2 (9 " 5 m) plots spaced by 1 m

wide corridors, following a completely randomized design with three

replicates. The mixture comprised equal amounts of seeds of the

three species (6 kg ha!1 each). After sowing, canopies were not defo-

liated between October 2013 and February 2014 to allow plants to

reseed. The first nitrogen (N) fertilization event was performed on

27 October 2013 with 70 kg N ha!1. Canopies were cut to a height

of 7 cm above the soil surface in March 2014, followed by a second N

fertilization event with 50 kg N ha!1. On 28 May 2014, the canopies

were cut to 10 cm above the soil surface; data collection then began,

continuing from June 2014 until July 2016.

During the experimental period, plots were managed via strict

control of canopy heights and soil fertility to minimize stress and dis-

turbance. Canopies were managed with pre-cutting and post-cutting

heights of 20 and 10 cm, respectively. These targets were chosen

because: (i) previous assessments indicated that both cultivation

methods (pure or mixed stands) intercepted no more than 95% of the

photosynthetically active radiation (LAIc; Brougham, 1956) at 20 cm

in height; and (ii) defoliation intensities >50% are, in general, detri-

mental for herbage accumulation rate (Martins et al., 2021) and indi-

cate an excessive disturbance level. The canopy heights were
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ABSTRACT: This study evaluated the leaf area index (LAI) recovery mechanisms and forage 
accumulation rates on the regrowth of different grass species subjected to different defoliation 
intensities. For that purpose, plots of Pennisetum clandestinum (kikuyugrass), Lolium multiflorum 
(annual ryegrass), and Avena strigosa (black oats) were defoliated from 20 to 80 % of their initial 
heights (25, 20, and 25 cm, respectively). At different increments in height, forage samples were 
collected to ground level and used to estimate tiller population density (TPD), leaf area per tiller 
(LA), and forage mass. From these data, we calculated the leaf area index (LAI), average leaf area 
index (aLAI), and average and instantaneous forage accumulation rate (FAR and IFAR, respectively). 
Data were plotted over time (days) to describe LAI recovery and forage accumulation rates. As 
the defoliation intensity increased, greater canopy heights were needed for pastures to achieve 
their maximum forage accumulation rates, which required longer regrowth intervals. The need 
for high tiller recruitment after defoliation, which delayed canopy LAI recovery, seemed to be one 
of the main cause. Thus, grazing management strategies that involve costly tiller recruitment 
could decrease both overall forage production and sward persistence over time. However, the 
plant ability to recover LAI after successive intense defoliations seems to be species-dependent 
and related to their phenotypic plasticity.
Keywords: grazing heights, grazing management, intermittent stocking, sward targets
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Introduction

The critical leaf area index ([LAI]; Brougham, 
1958) has been suggested as the upper limit to interrupt 
regrowth of pastures under intermittent stocking method 
(Korte et al., 1982; Carnevalli et al., 2006; Sbrissia et al., 
2018). However, the effects of residual LAI on pasture 
productive capacity and its relationship with defoliation 
management heights are still unclear. Theoretical 
models developed by Parsons et al. (1988) indicate that 
heavily defoliated pastures reach maximum growth rates 
later than leniently defoliated pastures do. According 
to Chapman (2016), intense defoliations would result 
in longer regrowth intervals, which could reduce total 
forage production.

The LAI recovery after defoliation occurs 
through leaf growth from remaining tillers and/or the 
emergence of new tillers (Lemaire and Chapman, 1996). 
High defoliation intensities can stimulate initial LAI 
increments through the recruitment of new tillers due 
to the improved light quality reaching the plant base 
(Gautier et al., 1999) and apex meristem decapitation 
(McSteen, 2009). However, frequent recruitment of 
new tillers can affect forage accumulation; thus, an 
appropriate management strategy should minimize 
tillering dependence (Nelson and Zarrough, 1981). 
Moreover, forage plants are incapable to maintain a high 
growth potential after defoliation, despite the possibility 
of mobilizing carbohydrate reserves and of changes in a 
specific leaf area (Irving, 2015; Chapman, 2016).

Research data regarding the effects of defoliation 
intensity on forage production do not always present 

convergent findings. This is because defoliation 
intensities are frequently generated from different pre-
defoliation targets, which tend to favor targets created 
with better criteria (e.g., critical LAI; Barbosa et al., 
2007; Silva et al., 2009; Zanini et al., 2012). In addition, 
most studies did not assess possible interspecific 
variations in LAI recovery and in forage mass during 
pasture regrowth. Therefore, this study assessed LAI 
recovery mechanisms and forage accumulation rates 
throughout the regrowth of different grass species 
subjected to different defoliation intensities. The central 
hypothesis tested was that increasing the defoliation 
intensity reduces the productive potential of pastures 
and that it is a species-dependent response.

Materials and Methods

Three experiments (I, II, and III) were conducted 
using different grass species in Lages, Santa Catarina 
State, Brazil (27°47’ S, 50°18’ W, altitude of 913 m), 
between Jan 2014 and Sept 2015. According to the 
Köppen classification system, the region has a Cfb climate 
(humid subtropical under oceanic influences), with cold 
winters, mild summers, and well-distributed rainfall 
throughout the year (Alvares et al., 2013). Weather data 
from the experimental period are presented in Table 1. 
The soil in the experimental area is classified as Clayey 
Inceptisol (Soil Survey Staff, 1999). Before the beginning 
of each experiment, soil samples were collected from 
0-20 cm depth and submitted to the chemical analysis. 
Liming and fertilization were performed in order to reach 
a baseline pH of about 6.0 and to supply adequate levels 
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of N, P, and K (Table 2), according to the soil analysis and 
the Fertilizing and Liming Manual for the states of Rio 
Grande do Sul and Santa Catarina (CQFS, 2004).

Experiment I (kikuyugrass)
This experiment was conducted in a well-

established (~ 20-year-old) 1.8-ha kikuyugrass 
(Pennisetum clandestinum Hochst ex. Chiov) pasture. The 
experimental treatments consisted of four defoliation 
intensities (lowering 40, 50, 60, or 70 % of the initial 
height) applied from a recommended pre-cutting height 
of 25 cm (Sbrissia et al., 2018) and replicated three 
times in a randomized block design (12 plots of 1500 
m2). The experimental treatments were established 
as follows: i) in early Dec 2013, the entire area was 
mowed to a residual height of 10 cm (to standardize the 
pre-experimental conditions), fertilized (Table 2), and 
plots were delimitated; ii) when canopies reached 25 
cm in height (from 14 Jan 2014 onward), grazing was 
performed by cattle to the intended residual heights 
(Table 3), defining the beginning of the data collection 
period. The canopy heights were measured with a sward 
stick (Barthram, 1985) at 50 points per plot after grazing 
and twice a week during the regrowth period.

Data were collected throughout two regrowth 
cycles (from 14 Jan 2014 to 20 Apr 2014). After each 
grazing event, three areas of 1 m2 per plot were marked 
with wooden stakes. From these areas, forage samples 
were collected at five points throughout the regrowth 
period as follows: i) after grazing; ii) during regrowth 
(increments of 25, 50, and 75 % of height); and iii) at 
pre-grazing (25 cm). The heights of each sampling are 
presented in Table 3. On all occasions, clipping was 
performed to ground level, using quadrats of 0.0625 m2 
and scissors, and samples were taken to the laboratory 
for immediate processing.

Experiment II (annual ryegrass)
Annual ryegrass ‘BRS Ponteio’ (Lolium multiflorum 

Lam.) was broadcast-sown (90 kg seeds ha–1) on 24 June 

2014 into 16 plots of 1 m2. The experimental treatments 
comprised four defoliation intensities (lowering 20, 
40, 60, or 80 % of the initial height) applied from a 
recommended pre-cutting height of 20 cm (Santos et 
al., 2016) and replicated four times in a completely 
randomized design. Four weeks after sowing, canopies 
were approximately 20 cm tall. They were first lowered to 
10-cm residual height to standardize the pre-experimental 
conditions and favor pasture establishment. On 09 Aug 
2014, the canopies were 20 cm tall and were lowered 
to the intended residual heights by manual scissors 
trimming (Table 3), stablishing the beginning of the data 
collection period. The canopy heights were measured 
with a sward stick (Barthram, 1985) at 15 points per 
plot twice a week during plot establishment, and daily 
during the data collection period.

Data were collected throughout a single regrowth 
cycle from 09 Aug 2014 until the canopies achieved 

Table 1 – Average monthly climatic conditions recorded during the experimental months of 2014 and 2015 in Lages, SC, Brazil.
2014

Month Jan Feb Mar Apr May June July Aug Sept Oct
Sunlight (h) 216.8 218.4 163.7 125.5 131.5 85.7 106.7 204.7 120.2 131.5
Precipitation (mm) 183.0 210.7 121.3 94.2 235.3 397.8 77.3 61.0 233.4 235.3
Maximum temp. (°C) 27.9 28.3 24.2 21.6 18.9 16.4 16.6 20.6 20.6 18.9
Average temp. (°C) 21.5 21 18.4 16.3 13.2 12.0 11.3 12.7 15.1 13.2
Minimum temp. (°C) 16.3 15.3 14.0 12.2 8.8 8.1 6.6 6.3 10.4 8.8

2015
Jan Feb Mar Apr May June July Aug Sept Oct

Sunlight (h) 197.0 163.0 174.8 147.9 106.7 127.4 114.0 180.2 147.1 96.3
Precipitation (mm) 211.9 133.9 135.6 99.7 71.0 134.9 264.0 69.3 334.6 363.2
Maximum temp. (°C) 27.3 26.6 25.3 22.2 18.7 17.4 17.4 22.3 21.3 21.0
Average temp. (°C) 20.9 20.1 19.2 16.4 13.9 11.4 12.4 15.5 15.0 16.0
Minimum temp. (°C) 15.7 15.3 14.6 12.1 10.2 6.4 7.7 10.1 10.2 11.8
Source: National Institute of Meteorology (INMET, 2017).

Table 2 – Application dates, fertilizer types, and amounts of 
phosphorus, potassium, calcium, and nitrogen applied during the 
three experiments.

Experiment Date Element Fertilizer Amount
kg ha–1

I 16 Dec 2013 P TSP 80 kg P2O5

I 16 Dec 2013 K KCl 80 kg K2O
I 14 Jan 2014 N Urea 90 kg N
I 10 Mar 2014 N Urea 90 kg N
II 17 Apr 2014 Ca CaL 20 kg CaO
II 25 May 2014 P TSP 80 kg P2O5

II 25 May 2014 K KCl 80 kg K2O
II 10 June 2014 N Urea 200 kg N
II 09 Aug 2014 N Urea 200 kg N
III 15 Feb 2015 Ca CaL 30 kg CaO
III 08 Apr 2015 P TSP 80 kg P2O5

III 08 Apr 2015 K KCl 80 kg K2O
III 25 May 2015 N Urea 150 kg N

TSP = triple superphosphate; KCl = potassium chloride; CaL = calcitic 
limestone (RTNP 98 %).
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Abstract: Some recent papers have recommended moderate intensities of defoliation in order to
maximize herbage intake at di↵erent time-scales. Most of them, however, did not assess the grazing
dynamics of individual tillers during the stocking period. Therefore, the objective of this work was
to describe the defoliation dynamics of kikuyugrass (Pennisetum clandestinum Hochst ex. Chiov)
pastures subjected to di↵erent intensities of defoliation (40, 50, 60, and 70% of the initial height).
Twelve 1500 m2 plots were strip-grazed over 24 h, and the frequency and severity of defoliation of
individual tillers were assessed in 40 tagged tillers per experimental unit. From these data (n = 1920),
we calculated the grazed area in the upper, second, and third horizon, and the total grazed area.
We found that the frequency of defoliation by leaf category (expanding, mature, and senescent)
increased linearly with the intensity of defoliation, and that reductions in extended tillers could not
be used as a proxy to estimate the frequency of defoliation. Moreover, 22% of the second and third
horizons were already exploited with intensities of defoliation of 40%, raising the possibility that
the exploitation of lower grazing horizons could be more related to stocking density and relatively
independent of the grazed area.

Keywords: frequency of defoliation; grazed area; grazing horizons; severity of defoliation; tiller

1. Introduction

Defoliation dynamics in pastures can be characterized by both the frequency and severity of
defoliation of individual tillers [1]. The frequency of defoliation (probability for each plant unit,
leaf lamina, or tiller, to be defoliated) is closely related to the average stocking density used within a
period of time [2]; from this perspective, Wade [3] demonstrated that the frequency of defoliation is
linearly related to the stocking density (in a log–log scale). The severity of defoliation (proportion of
material removed at each bite event) is influenced by factors related to the canopy structure, such as
height, bulk density, and the physical barrier imposed by the presence of stems [4–6]. However,
a fairly constant proportion of removal (around 50% of the canopy height) at each bite event has been
reported [2,7].

The proposition of grazing by horizons (layers) described by Ungar [8] and Baumont et al. [9]
is also relevant for understanding the grazing dynamics, mainly in pastures under intermittent
stocking. According to these authors, animals seek to harvest the first horizon (upper half, composed
mostly of leaves) until approximately 70–75% of this horizon has been removed; in terms of the
intensity of defoliation (proportion of canopy height removal), this would correspond to a reduction of
approximately 40% of the pre-grazing height [10]. As herbage depletion increases beyond these levels,
animals would progressively graze lower horizons composed of higher proportions of high tensile
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stems/pseudostems, which impairs bite formation [4–6]. Under these circumstances, animals may
not present e�cient compensatory mechanisms to maintain the intake rate [10,11] or daily herbage
intake [12,13] at higher levels.

Some recent experiments have recommended moderate intensities of defoliation to maximize
herbage accumulation [14], short-term herbage intake rate [10,11], daily herbage intake [13], and animal
performance [15]. Despite the relevance of such studies, most of them did not assess the dynamics
of defoliation in individual tillers and the exploitation of grazing horizons. According to Wade [3],
information about defoliation dynamics can be considered a key factor in understanding the
plant–animal interface. Therefore, the objective of this work was to describe the defoliation dynamics
of pastures subjected to di↵erent intensities of defoliation and provide some insights into management
targets for pastures under intermittent stocking.

2. Materials and Methods

2.1. Site, Treatments, and Plot Management

This study was conducted in Lages, SC, Brazil (27�470 S, 50�180 W), from January to February 2014,
on a well-established 1.8 ha kikuyugrass pasture (Pennisetum clandestinum Hochst Chiov) divided into
twelve 1500 m2 plots. Kikuyugrass is a stoloniferous perennial warm-season grass, well adapted to
both tropical and subtropical regions [16,17] and well known for its high yield potential, good nutritive
value, and excellent response to fertilization and irrigation [17,18]. According to the Koppen climate
classification, the region has a Cfb-type climate (humid subtropical under oceanic influences) with cold
winters, mild summers, and well-distributed rainfall throughout the year. During the experimental
period, the monthly rainfall, minimum, maximum, and average temperatures were 183.2 mm, 15.5,
26.8, and 20.2 �C, respectively. The experimental area was established in the early 1990s and has been
grazed by dairy cattle since then. In December 2013, plots were mowed to a 10-cm stubble height
and fertilized with 140 kg N/ha. The grazing animals used in this protocol were Holstein (Bos taurus)
heifers and dry cows well adapted to human presence. Cattle received no supplementation during the
experimental period.

Four intensities of defoliation (depletion of 40, 50, 60, and 70% of an initial canopy height of 25 cm)
were applied following a complete randomized block design with three replicates. The pre-grazing
height was chosen based on Sbrissia et al. [19]. Because a concomitant protocol was conducted in
the same area [13], plots had to be divided into four daily strips, and two of them were intended for
our study. Thus, during the stocking period of a given plot, animals were moved to a new grazing
area every morning (08:00 a.m.) by moving front and back fences. Both the o↵ered strip area and the
number of animals were adjusted daily to achieve a 4% live weight (LW) herbage allowance (2.0% of
expected intake plus 2.0% for selection/loss opportunities) above the intended stubble height (15.0, 12.5,
10.0, or 7.5 cm). Herbage samples used to calculate herbage allowance are described below. The strip
area ranged between 170 and 650 m2 and the number of animals per strip ranged between 2 and 7.
The canopy heights were monitored with a sward stick [20] at 50 random points per evaluation, every
3 days during regrowth, and at pre- and post-grazing in each strip during the stocking period; also,
100 compressed canopy height readings per strip were performed at pre- and post-grazing, using a
rising plate meter (model F200; Farmworks®, Feilding, New Zealand).

2.2. Herbage and Leaf Lamina Mass

Pre- and post-grazing herbage samples were collected using 0.1 m2 quadrats and scissors, at five
random locations per strip (totaling 10 locations per plot); however, because the new strip had
not been already delimitated, these samplings were always performed on the remaining plot area.
At pre-grazing, each sample was stratified into an upper portion (grazing layer) and a lower portion
(pre-grazing stubble) that corresponded to the intensity of defoliation in the plot. Stratifications did
not occur at post-grazing, so the collected material was only classified as stubble. After collection,
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Abstract: Tangolagrass (Brachiaria arrecta ⇥ Brachiaria mutica) is a stoloniferous warm-season grass
considered as an alternative to forming permanent grasslands in waterlogged tropical regions.
However, information about grazing management targets for such species is still scarce. This two-
year study aimed to identify pre-grazing canopy heights that do not compromise both leaf lamina
production and nutritive value of tangolagrass pastures, and to test whether lower canopy height
could decrease stolon elongation process. To this end, three pre-grazing canopy heights (20, 30,
or 40 cm, all lowered in 40% of their initial heights) were assigned to nine 390-m2 plots grazed by
cattle. Herbage, leaf, and stem accumulation rates were not different among treatments (57, 23, and
27 kg DM ha�1 d�1, respectively; p > 0.05). Also, neutral detergent fiber (NDF) and acid detergent
fiber (ADF) were similar among treatments (56 and 24% DM, respectively; p > 0.05), but crude protein
(CP) was greater (p = 0.0180) in pastures managed with 30 cm (24.7% DM ⇥ 22.5% DM). Thus,
pre-grazing canopy heights between 20–40 cm combined with low levels of defoliation (up to 40% of
the initial height) provide the same primary productivity in tangolagrass pastures. However, stolon
elongation could not be reduced within such canopy height targets.

Keywords: Brachiaria; canopy height; nutritive value; productivity; tangola

1. Introduction
Tangolagrass is a perennial warm-season grass originated from a natural hybridization

between tannergrass (Brachiaria arrecta [Dur & Schinz] Stent) and angolagrass (Brachiaria mutica

[Forssk.] Stapf.), that presents stoloniferous growth habit, spreads vigorously, forms a
strong root system from nodes, and is well-adapted to poorly drained soils. Like other
brachiariagrasses, it also has a greater herbage production capacity, tolerates marginal soil
fertility conditions, and is resistant to trampling. Accordingly, tangolagrass is considered
an alternative to forming permanent tropical grasslands in marginal areas, especially those
intermittently affected by flooding or waterlogging [1,2]. Despite its advantages, data about
both primary productivity and management targets for this species are still scarce.

Overall, grasslands can be managed within a range of canopy-based targets (herbage
mass, leaf area index [LAI], or grazing height) without compromising net herbage pro-
duction [3–7]. This amplitude is due to “homeostatic” mechanisms that operate at the
community level, whereby compensatory changes in tiller population density (TPD) and
tissue flow buffer net herbage production [3,5,6]. Moreover, delaying grazing when the
canopy reaches the critical LAI [8] in pastures under intermittent stocking, or by using
taller grazing heights in pastures under continuous stocking, may increase leaf senescence
and stem elongation rates [6,9–11]; thus, ultimately, decreasing net herbage production,
nutritive value, and animal performance [12].
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Despite the opportunities in terms of management targets, tangolagrass may present
different accumulation patterns over grazing heights. This is because lower levels of defoli-
ation or greater levels of light competition (both usually observed in taller canopies) can
stimulate stolon elongation, whereas severe defoliations or greater light availability (both
usually observed in lower canopies) can reduce stolon elongation [13,14]. Despite being
important from an ecological perspective and contributing to herbage accumulation, stolon
elongation can be undesirable for animal production since it involves the accumulation of
stems, which reduces leaf:stem ratio and forage nutritive value [15,16], impairs bite forma-
tion [17,18], and compromises animal performance [19,20]. Thus, it seems more appropriate
to conceive grazing management strategies that reduce stolon elongation but at the same
time do not compromise leaf lamina production when using tangolagrass pastures.

Against this background, we performed a study to identify pre-grazing canopy heights
that do not compromise both leaf lamina production and the nutritive value of tangola-
grass pastures subjected to intermittent stocking. Also, we tested the hypothesis that
grazing management strategies can modulate stolon elongation/stem accumulation in
tangolagrass swards.

2. Materials and Methods
The experiment was conducted in Orleans, SC, Brazil (29�350 S and 49�250 W), dur-

ing two experimental years (from January to June 2018 and 2019) on a well-established
tangolagrass pasture. According to the Köppen climate classification, the region has a
Cfa-type climate (humid subtropical under oceanic influences) with a hot summer and
no dry season [21]. The average temperature and monthly precipitation during the ex-
perimental period are presented in Table 1. The soil at the site is a clay loam red-yellow
Ultisols [22], and its chemical characteristics at the 0- to 20-cm profile were assessed before
starting the experiment (Table 2). Based on the Fertilizing and Liming Manual for the
States of Rio Grande do Sul and Santa Catarina [23], 1.6 ton ha�1 of dolomitic limestone
(on 29 December 2017), 50 kg N ha�1 (on 16 January 2018; 28 February 2018; 22 January
2019; and 20 March 2019), 190 kg P ha�1 and 115 kg K ha�1 (both on 15 December 2018)
were applied. Before starting the experiment (on 11 December 2017), the whole area was
mowed to a 5-cm stubble height.

Table 1. Monthly weather data during the experiment in Orleans, SC, Brazil.

Month
Average Temperature (�C) Monthly Precipitation (mm)

2018 2019 2018 2019

January 24.6 27.1 120.6 112.9
February 24.5 24.8 30.5 105.9

March 24.7 22.8 99.9 76.9
April 24.1 22.4 23.1 426.1
May 20.6 12.7 111.4 357.8
June 17.1 12.6 125.4 23.7

Table 2. Soil chemical characteristics (0–20 cm depth) of the experimental area before starting
the experiment.

Block pH
OM 1 P K H + Al CEC

% mg dm�3 cmolc dm�3

I 6.4 1.4 2.0 88 6.5 5.54
II 6.4 1.5 1.9 55 8.1 5.62
III 6.2 2.0 2.5 74 11.4 6.37

1 pH in H2O; OM, organic matter; P, phosphorous (Melich-1); K, potassium (Melich-1); H + Al, potential acidity;
CEC, cation exchange capacity.
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Abstract
Background and aims: The concepts of critical nitrogen (N) concentration and nitrogen nutrition
index (NNI) provide effective tools for assessing the N nutritional status of pastoral systems.
However, no conclusive data exist concerning the effects of stubble height at harvest on the N
dilution curve [N concentration (N%) = a(biomass)–b] and mixed species cultivation on N nutri-
tional status of forage plants with contrasting growth strategies. To evaluate these effects, three
cool-season perennial grasses (exploitative, Arrhenatherum elatius L.; moderately exploitative,
Dactylis glomerata L.; conservative, Festuca arundinacea Scherb.) were grown under different
cultivation methods either as pure stands or as a mixture and conducted two experiments.
Methods: In experiment I, canopies of different grass species pure stands and mixtures were
subjected to defoliation managements aimed to not exceed the critical LAI at harvest. Forage
samples were collected from October 2015 to August 2016 to determine the N nutritional status
throughout the seasons. In experiment II, half of each pure stand was mowed to 10 cm in height,
and the other half to ground level. Thereafter, herbage samples were taken during regrowth to
determine N dilution curves in both scenarios (from ground level and from stubble height of
10 cm).
Results: We verified an NNI above 0.8 during autumn and winter for A. elatius, D. glomerata,
and the mixture but only in winter for F. arundinacea. Dactylis glomerata grown in the mixture
had a lower N% than its pure stand during autumn and winter, whereas A. elatius and F. arundi-
nacea showed no differences irrespective of cultivation method throughout the year. The three
forage species presented classical dilution curves when regrowth was initiated from ground level,
but quadratic trends were observed when regrowth was initiated from stubble heights of 10 cm.
Conclusions: Overall the N nutritional status of cool-season perennial grasses was not affected
by cultivation method when pastures were managed in conditions of non-limiting N supply and
with pre-cut/grazing height targets derived from critical LAI measured at the full vegetative
growth stage. Moreover, the N nutrition status in pastures managed under moderate/lenient
defoliation should not be evaluated during periods of less intense canopy renewal and/or right
after the cut/grazing events.

Key words: critical nitrogen concentration / fertilization / grasslands / mixed swards / nitrogen nutrition index
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1 Introduction
Nitrogen (N) fertilizer can greatly improve the productivity of
animal husbandry in pasture-based systems and is the most
widely used fertilizer on forage crops. However, its excessive
use or misapplication is potentially costly and frequently asso-
ciated with environmental problems, including eutrophication,
acid precipitation, and ozone depletion (Carpenter et al.,
1998; Prather et al., 2001). Improving N fertilization efficiency
by optimizing diagnostic tools has, therefore, been crucial to
the development of crop fertilization programmes.

The concepts of critical N concentration (Ncrit) and N nutrition
index (NNI) provide effective tools for assessing the nutrition-
al status of forage plants (Duru et al., 1997; Gastal and Lem-
aire, 2002; Lemaire et al., 2008). The Ncrit is defined as the
minimum N concentration (N%) required by plants to achieve
maximum growth (Ulrich, 1952), whereas NNI is the ratio be-
tween the actual shoot N% and its Ncrit (Lemaire et al., 1989).
Both methods of analysis are based on N dilution curves (an
inverse exponential relationship between biomass and N%),
because plant N% in dense swards decreases with increas-
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ing biomass due to plant aging and the accumulation of struc-
tural tissues (Caloin and Yu, 1984; Charles-Edwards et al.,
1987; Greenwood et al., 1990; Lemaire and Gastal, 1997).
Although N dilution curves have been validated for different
forage species and/or abiotic conditions (Duru and Ducrocq,
1996; Lemaire and Gastal, 1997; Bélanger and Ziadi, 2008;
Lemaire et al., 2008; Agnusdei et al., 2010; Errecart et al.,
2014; Louarn et al., 2020), possible seasonal variations in the
N nutritional status of cool-season perennial grasses remain
unclear. Thus, because most of the tissue generated during
pasture establishment comprises leaves (a metabolically ac-
tive tissue directly involved in photosynthesis and meristem
activity; Lemaire et al., 2008), a higher N% in periods of in-
tense tillering and canopy renewal might be expected. Con-
versely, during flowering or more abiotic stressful periods, a
lower N% would be expected due to plant aging and/or accu-
mulation of structural tissues.

However, despite the usefulness of these diagnostic tools in
defining N fertilization times and rates, maintaining an ad-
equate N nutritional status in mixtures remains challenging.
This is because, in most cases, forage mixtures are com-
posed of species with different growth strategies (i.e., differing
abilities related to resource uptake and usage; Anten and
Hirose, 1999; McKane et al., 2002; Reich et al., 2001; Cruz
et al., 2002; da Silveira Pontes et al., 2012) and/or vertical ar-
rangements (i.e., distribution across the canopy). Thus, since
N uptake in pasture is proportional to the level of light inter-
ception, a lower N nutritional status is normally observed in
shaded plants (Seginer, 2004; Lemaire et al., 1991, 2005).
The development of grazing management strategies that re-
duce light competition [i.e., that ensure the critical leaf area in-
dex (LAI) is not exceeded; Brougham, 1958] could provide an
alternative for maintaining an adequate N nutritional status in
well-fertilized mixed pastures.

Recent grazing management studies have recommended
moderate/lenient defoliations as a means of maximizing for-
age production (Sbrissia et al., 2018; Martins et al., 2021),
herbage intake (Mezzalira et al., 2014; Schmitt et al., 2019),
and individual animal performance (Difante et al., 2010;
Euclides et al., 2018). This strategy results in a greater stub-
ble mass remaining, composed mainly of structural and sen-
escent tissues (Zanini et al., 2012; Euclides et al., 2018). In
these scenarios, an initial increase in biomass is typically the
result of metabolically active tissues being accumulated in or-
der to rebuild the photosynthetic apparatus (Parsons and
Penning, 1988). This would suggest an initial increase in N%
with subsequent dilution, implying an underestimation of the
N nutritional status due to the overriding contribution of the
stubble to N%.

We, therefore, performed two experiments to test the follow-
ing hypotheses: (1) when subjected to defoliation manage-
ment aimed to not exceed the critical LAI, cool-season peren-
nial grasses with different growth strategies have a similar N
uptake capacity whether cultivated in pure stands or as a mix-
ture; and (2) the presence of a previous stubble affects the N
dilution pattern.

2 Material and methods

2.1 Experimental site and treatments

The study was conducted in Lages, Santa Catarina, Brazil
(27!47¢ S, 50!18¢ W; 960 m asl) between October 2015 and
October 2016. According to the Köppen climate classification,
the region has a Cfb-type climate (humid subtropical under
oceanic influences) with cold winters, mild summers, and
well-distributed rainfall throughout the year (Alvares et al.,
2013). During the experimental period no water deficits were
observed, the average temperatures were between 8.9!C
(June 2016) and 20.9!C (January 2016), and monthly precipi-
tations ranged from 24.8 mm (June 2016) to 363.2 mm (Octo-
ber 2015) (Tab. 1 in the supplementary material). The soil at
the experimental site is a typical Inceptisol (EMBRAPA,
2006). The average soil chemical characteristics (0–20 cm
depth) in April 2013 were: pH [Shoemaker–McLean–Pratt
(SMP)] = 4.3, organic matter = 2.1%, K = 48 mg dm–3,
P = 3.6 mg dm–3, Ca = 1.16 cmolc dm–3, Mg =
0.82 cmolc dm–3, H + Al = 30.7 cmolc dm–3, cation exchange
capacity (CEC) at pH 7.0 = 6.27 cmolc dm–3, base saturation
= 6.4%, and clay = 52%.

We used three potentially dominant cool-season perennial
forage grasses with contrasting growth strategies (i.e., com-
petitive abilities; Gross et al., 2007; Maire et al., 2009; da Sil-
veira Pontes et al., 2010). The species were: Arrhenantherum
elatius L. cv. SCS314 Santa Vitória, an exploitative species
(high specific leaf area, leaf N%, and tissue renewal); Festu-
ca arundinacea Schreb. cv. Quantum II, a conservative spe-
cies (low specific leaf area, leaf N%, and tissue renewal); and
Dactylis glomerata L. cv. Ambar, a moderately exploitative
species (with characteristics intermediate between A. elatius
and F. arundinacea). They were broadcast sown in June
2013, both as pure stands and as a mixture of the three spe-
cies, at a rate of 18 kg ha–1 (6 kg ha–1 of each species in the
mixture), following a completely randomized design with three
replicates (twelve 45-m2 plots). After the initial sowing, plots
were maintained under free growth conditions until February
2014, from when they were managed under conditions of pe-
riodic defoliation (described below) until October 2015. During
this preparation period (June 2013 to October 2015), all plots
received a total of 12 Mg ha–1 of dolomitic limestone,
350 kg N ha–1, 325 kg P2O5 ha–1, and 280 kg ha–1 K2O. In
May 2015, a further soil chemical analysis performed at
0–20 cm depth yielded the following values: pH (SMP) = 6.0,
clay = 46%, organic matter = 1.4%, P = 8.7 mg dm–3,
K = 180 mg dm–3, Ca = 6.31 cmolc dm–3, Mg =
4.04 cmolc dm–3, H+Al = 4.6 cmolc dm–3, CEC (pH 7.0) =
15.4 cmolc dm–3, and base saturation = 70.2%. Based on
these results, two fertilization procedures were performed
using 40 kg N ha–1, 35 kg ha–1 P2O5, and 22.5 kg ha–1 K2O,
separated by a 50-day interval. All the fertilizations and liming
were performed based on the Fertilization and Liming Manual
for the States of Rio Grande do Sul and Santa Catarina
(CQFS-RS/SC, 2004). Experiment I began at the end of the
second of these two fertilizer applications.

ª 2021 Wiley-VCH GmbH www.plant-soil.com

2 Américoa, Duchini, Schmitt, Guzatti, Lattanzi, Sbrissia J. Plant Nutr. Soil Sci. 2021, 000, 1–9
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Increasing biodiversity in grasslands can 
maximize soil carbon incorporation (TRACY & 
SANDERSON, 2000; TILMAN et al., 2006), boosting 
the ecosystem services delivered by pasturelands. As 
far as we are aware, most of the reported research on 
this topic has been focused on grasslands with plant 
species belonging to different families (Poaceae, 
Fabaceae, Cruciferae, and/or Asteraceae; MUELLER 
et al., 2013; CONG et al., 2014; SKINNER & DELL, 
2016) and little is known whether mixed stands 
composed only by grasses also present a greater root 
biomass production when compared to their respective 
monocultures. In this context, we assessed the root 
biomass across soil layers of pastures composed by 
monocultures of Arrhenatherum elatius, Festuca 

arundinacea, Dactylis glomerata, and a mixture of 
them, to test whether the root biomass of mixtures 
composed only by grass species is greater than their 
respective monocultures.

The study was conducted in Lages/SC, 
Brazil (27°47′ S, 50°18′ W, 960m a.s.l.), between 
August 2015 and August 2016. According to the 
Köppen classification, the climate of the region is Cfb-
type (subtropical). The soil of the experimental area is 
classified as Typical Aluminum Humic Cambisol and 
presented the following characteristics (0-20 cm): 
pH (SMP) 6.0; organic matter 1.4%; Ca 6.31 cmolc/
dm3; K 180 mg/dm3; P 8.7 mg/dm3; Mg 4.04 cmolc/
dm3; H+Al 4.6 cmolc/dm3; cation exchange capacity 
(pH 7.0) 15.4 cmolc/dm3, base saturation 70.2%; 

1Departamento de Produção Animal e Alimentos, Centro de Ciências Agroveterinárias, Universidade do Estado de Santa Catarina (UDESC), 
88520-000, Lages, SC, Brasil. E-mail: valen1410@gmail.com. *Corresponding author.
2Instituto Federal de Santa Catarina (IFSC), São Miguel do Oeste, SC, Brasil. 

ABSTRACT: In this study we tested whether the root biomass of mixtures composed by grass species is greater than their respective 
monocultures. The treatments were monocultures of Arrhenatherum elatius, Festuca arundinacea, Dactylis glomerata, and a mixture of them, 
cultivated in a rich-soil environment. Root biomass was evaluated on a single evaluation per season at three soil depths (0-5, 5-10, and 10-20 
cm). Mixed swards presented the greatest root biomass, and this was explained by a greater concentration in the topsoil layer (0-5 cm). These 
findings reinforce the need for permanent soil conservation practices to not jeopardize the benefits of the more abundant root biomass reported 
in the mixed swards.
Key words: biodiversity, mixed cultivation, root system.

RESUMO: O presente estudo testou se a biomassa radicular de misturas compostas por gramíneas é maior do que os seus respectivos 
monocultivos. Os tratamentos foram monocultivos de Arrhenatherum elatius, Festuca arundinacea, Dactylis glomerata e uma mistura delas, 
cultivadas em um solo rico em nutrientes. A biomassa da raiz foi avaliada uma vez por estação em três profundidades de solo (0-5, 5-10 e 10-
20 cm). Os pastos mistos apresentaram a maior biomassa radicular e isso pode ser explicado pela maior concentração de raízes na camada 
superficial do solo (0-5 cm). Esses achados reforçam a necessidade de práticas permanentes de conservação do solo para não prejudicar os 
benefícios da biomassa radicular mais abundante encontrada nos pastos mistos.
Palavras-chave: biodiversidade, cultivo misto, sistema radicular.
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clay 46%. Fertilizations were performed in order 
to maintain a rich-soil environment and nitrogen 
nutrition status above 0.8 (see AMÉRICO et al. 2021 
for more information). The treatments were A. elatius 
‘Santa Vitoria’, F. arundinacea ‘Quantum II’, and D. 
glomerata ‘Ambar’ sowed as monocultures and as 
mixture composed of the three species in the same 
proportions. These treatments were assigned across 
twelve 45-m² plots, following a complete randomized 
design. Information about plot management and 
weather data are in DUCHINI et al. (2019).

To determine root biomass, samplings 
were performed on a single evaluation per season 
(in November 2015, February 2016, May 2016, and 
August 2016) in two representative areas per plot 
using a steel cylinder (6-cm diameter x 20-cm deep). 
The core soil samples were separated into sub-samples 
according to the soil layer (0-5, 5-10, and 10-20 cm), 
and taken to the laboratory to separate roots from soil 
by washing with running water. Subsequently, the 
root samples were dried in a forced-air oven at 65 °C 
for 72 h and weighed.

The data were submitted to analysis of 
variance using the MIXED procedure of the SAS® 
(version 9.0). For the total root biomass, the model 
included the effects of treatment, season, and their 
interaction; the season was considered as repeated 
measurements and the Akaike information criterion 
(AIC) was used to select the best covariance matrix. 
For vertical distribution of the root biomass, data 
were analyzed separately by each soil layer within 
seasons; this was done to simplify the statistical 
analysis and focus the discussion on our main 

objectives. The means were compared by using the 
Student’s t-test and the significance for all analysis 
was set at 10% (P < 0.10).

The total root biomass was affected by the 
cultivation (P = 0.05) and season (P = 0.02), but it 
was not observed an interaction between them (P = 
0.21; Figure 1). In general, a lower root biomass was 
observed in the summer (387 g/m2), whereas in the 
other seasons (autumn, winter, and spring) the values 
were higher and similar to each other (averaging 
583 g/m2; Figure 1B). Such a pattern of response is 
probably related to the demographic pattern of the 
studied species, as during the cool seasons (autumn 
and winter) the rate of appearance and survival of 
tillers are higher than in the warmer periods (spring 
and summer; DUCHINI et al., 2018). Regarding to 
the cultivation method, a greater root biomass was 
observed in the mixture (655 g/m2) when compared 
to the monocultures (averaging 493 g/m2; Figure 1A). 
As interspecific competition was probably restrained 
by the high input of fertilizers (AMÉRICO et al., 
2021) and tiller population density was not greater in 
the mixture (DUCHINI et al., 2018), an alternative 
explanation for such greater root biomass in the 
mixture could be the species-specific root interaction. 
In this context, root growth and distribution would be 
modulated by the identity of the neighboring roots, 
and non-nutritious cues, such as root exudates (BAIS 
et al. 2006) or root rhizosphere biota (KARDOL 
et al., 2007), could be the mechanisms behind root 
recognition (MOMMER et al., 2010).

All treatments showed a decrease in root 
biomass across the soil layers (Table 1). In general, 

Figure 1 - Root biomass in pure or mixed pastures of Arrhenatherum elatius, Festuca arundinacea, and Dactylis glomerata (A) at different 
seasons (B). Means followed by the same letter do not differ by the Student’s t-test (P > 0.10).
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Highlights

High grazing intensities significantly reduce ground cover.

Maize grain production is not affected by grazing intensities.

When applied to the pasture, there is no need to apply N in the successive crop.

Maintaining black oat pasture at 20 cm favors animal performance.

Abstract

This study was developed to examine the effect of combining nitrogen (N) fertilization strategies and 

pasture management heights on animal and grain production in an Integrated Crop-Livestock System. The 

experiment was carried out in the municipality of Abelardo Luz - SC, Brazil, between April 2017 and April 

2018. A randomized-block design was adopted, with the treatments arranged in a 2×2 factorial arrangement 

with three replicates. The first factor was the height of the pasture managed under continuous grazing: high 

(HH, 20 cm) or low (LH, 12 cm). The second factor corresponded to the N application times: in the winter, in 

the pasture (NP), and in the summer, in the grain crop (NG), in a single N rate of 200 kg ha-1 as topdressing. 

The forage species used during the pasture phase was black oat (Avena strigosa Schreb), and the pasture 

was grazed by Nellore × Charolais crossbred steers with an initial body weight of 260 kg. The summer 

crop was maize (Zea mays). Average daily gain (ADG) and herbage allowance were higher in HH than in LH, 
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whereas animal load was higher in HH. Between the N application times, the animal load was higher in NP. 

Pasture management height and N fertilization strategy did not affect the variables of number of rows per 

ear, number of grains per row, thousand-grain weight, or total grain yield, which overall averaged 14,090 kg 

ha-1. In conclusion, the inversion of nitrogen fertilization between the periods of winter pasture production 

and grain crop and the management height of the black oat pasture do not compromise the production of 

maize grains in the summer, or animal production per area. However, steer performance is greater (higher 

ADG) when the pasture is managed at 20 cm, whereas a high grazing intensity significantly reduces straw 

on the soil.

Key words: Black oats. Canopy height. Nitrogen fertilization. Winter pasture. Zea mays.

Resumo

O objetivo deste estudo foi avaliar o efeito da combinação de estratégias de adubação nitrogenada e de 

alturas de manejo da pastagem sobre a produção animal e de grãos em um Sistema Integrado de Produção 

Agropecuária. O experimento foi conduzido no município de Abelardo Luz-SC, entre abril de 2017 a abril de 

2018. O delineamento experimental utilizado foi blocos ao acaso e os tratamentos dispostos em arranjo 

fatorial 2x2 com três repetições. O primeiro fator foi a altura do pasto manejado com lotação contínua: 

alta altura (AA) (20 cm) e baixa altura (BA) (12 cm). O segundo fator foram as épocas de aplicação do 

nitrogênio: na pastagem de inverno (NP), e na cultura de grãos, no verão (NG), em dose única de 200 kg N 

ha-1 em cobertura. A espécie forrageira utilizada durante a fase pastagem foi a aveia preta (Avena strigosa 

Schreb) e o pastejo foi realizado por novilhos cruza Nelore x Charolês com peso corporal inicial de 260 

kg. A cultura de verão foi o milho (Zea mays). O ganho médio diário (GMD) e a oferta de forragem foram 

maiores em AA comparativamente à BA, enquanto a carga animal foi maior em BA. Para as épocas de 

aplicação do N, a carga animal foi maior em NP. As variáveis número de fileiras por espiga, número de grãos 

por fileira e peso de mil grãos não foram afetadas pelo manejo da altura do pasto e nem pela estratégia 

de adubação nitrogenada, bem como a produção total de grãos, que apresentou média geral de 14.090 

kg ha-1. Concluiu-se que a inversão da adubação nitrogenada entre os períodos de produção de pasto 

de inverno e de cultivo de grãos, e a altura de manejo da pastagem de aveia preta não comprometem a 

produção de grãos de milho no verão e nem a produção animal por área. Entretanto, o desempenho dos 

novilhos é maior (maior GMD) quando o pasto é manejado a 20 cm, enquanto a alta intensidade de pastejo 

reduz significativamente a palhada sobre o solo.

Palavras-chave: Altura de dossel. Adubação nitrogenada. Aveia preta. Pastagem de inverno. Zea mays. 

Introduction

The growing demand for food 
production in quantity and quality, leveraged 
by the increasing population, is not the only 
concern on a global scale. The agricultural 
sector has been criticized for its inefficiency 
in the use of resources such as water and 

nutrients, as well as the advancement of 
agricultural areas in sensitive ecosystems 
(Moraes et al., 2018). Therefore, attention 
should be drawn to the different environmental, 
technological and social peculiarities of 
each region. In this respect, integrated 
crop-livestock systems (ICLS) emerge as 
an alternative to increase and diversify food 
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ABSTRACT: The aim of this experiment was to identify grazing height targets for Alexandergrass pastures under continuous stocking in 
integrated crop-livestock system (ICLS). For this purpose, twelve pastures were cultivated into an ICLS area, and maintained at 10, 20, 30, 
or 40 cm using grazing goats. The following variables were analyzed: leaf and herbage mass, accumulation rate, and allowance; leaf:stem 
ratio; chemical composition of hand-plucked samples; stocking rate; average daily gain and gain per area. The data were submitted to 
regression and correlation analysis. Significance was set at 5% (P≤0.05). The main results were: i) herbage and leaf lamina mass increased 
linearly with grazing height, and pastures maintained at 20 cm already presented the minimum amount recommended for soil cover in ICLS; 
ii) animal performance achieved an upper asymptotic plateau in pastures maintained around 30-40 cm and it was highly correlated with 
both grazing height and forage availability (mass and allowance). Alexandergrass pastures under continuous stocking in ICLS should be 
maintained between 30-40 cm to improve both cover crop biomass and animal performance.
Key words: crop rotation, grazing intensity, goats, Urochloa plantaginea.

RESUMO: O objetivo deste trabalho foi identificar alturas de manejo para pastos de papuã sob lotação contínua em sistemas de integração 
lavoura-pecuária (ILP). Para tanto, doze pastos foram cultivados em uma área de ILP e mantidos em 10, 20, 30 ou 40 cm por meio de 
lotação contínua com caprinos. As seguintes variáveis foram analisadas: massa; taxa de acúmulo e oferta de forragem e de folhas; relação 
lâmina:colmo; composição química de amostras de simulação de pastejo; carga animal; ganho médio diário e produção animal por área. Os 
dados foram submetidos a análises de regressão e correlação. A significância adotada foi de 5% (P≤0,05). Os principais resultados foram: i) 
houve um aumento linear na massa de forragem e folhas com o aumento da altura de manejo e pastos com mais de 20 cm já apresentavam a 
quantidade mínima recomendada para cobertura de solo em ILP ii) o desempenho animal atingiu um platô assintótico nos pastos manejados 
entre 30-40 cm e foi altamente correlacionado com a altura de manejo e a disponibilidade de forragem (massa e oferta). Pastos de Papuã 
manejados sob lotação contínua em ILP devem ser mantidos entre 30-40 cm para favorecer a produção de biomassa de cobertura e o 
desempenho animal.
Palavras-chave: caprinos, intensidade de pastejo, rotação de culturas, Urochloa plantaginea.

ANIMAL PRODUCTION

 INTRODUCTION

Alexandergrass (Urochloa [Syn. Brachiaria] 
plantaginea), popularly known in Brazil as ‘Papuã’, is an 
annual warm-season grass that growths spontaneously 
in grain crop fields during the late spring and summer 
(RESTLE et al., 2002). In areas devoted to integrated 
crop-livestock systems (ICLS), it can be a low-cost 
forage alternative, since it presents high levels of 
herbage production and is available in large quantities 

at the end of the summer cropping season (ADAMI et 
al., 2010). Therefore, Alexandergrass could be used as 
pasture (NEGRINI et al., 2018), cover crop biomass 
(BOLLINGER et al., 2006) or stockpiled forage (SILVA 
et al., 2011), being an interesting alternative for crop 
rotation planning.

Despite the advantages, Alexandergrass has 
not been widely used. A possible explanation may be 
the lack of easily applied and low-cost management 
tools to maximize forage accumulation and animal 
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performance in this pasture. This is because, studies 
with Alexandergrass have recommended different 
levels of forage mass (e.g. ADAMI et al., 2010), which 
is laborious and time-consuming to be used under 
field situations, and nitrogen fertilization levels (e.g. 
MARTINS et al., 2000), which is expensive and does 
not control sward canopy structure (DA SILVA et al., 
2015). Moreover, they do not take into account cover 
crop biomass production, an essential feature in ICLS 
(DE MORAES et al., 2014).

Studies with warm-season grasses have 
shown that grazing management targets based on 
sward canopy heights (an easily and low-cost tool) 
generate consistent relationships between responses 
of plants and animals, allowing a good control over 
forage production and animal performance (DA SILVA 
et al., 2015). In this sense, pastures under continuous 
stocking must be maintained within a range of grazing 
height targets to obtain high productive potential (e.g. 
CARNEVALLI et al., 2001; DA SILVA et al., 2013). 
Despite the explanatory bases are well established, there 
are no conclusive data concerning the optimal grazing 
height targets for Alexandergrass pastures. Moreover, 
because diversification is another important concept in 
ICLS (DE MORAES et al., 2014), studies with goats 
(a less common animal species in these systems) are 
still necessary. The aim of this study was to identify 
grazing height targets for Alexandergrass pastures under 
continuous stocking in ICLS.

MATERIALS   AND   METHODS

Our experiment was conducted in Pato 
Branco/PR, Brazil (25°07′S, 52°41′W), between January 
and April 2010. According to Köppen classification, 
the region has a Cfa-type climate (humid subtropical) 
with cold winters, hot summers, and well-distributed 
rainfall throughout the year. During the experiment, 
no water deficit was observed (precipitation of 951 
mm) and the recorded minimum, mean, and maximum 
temperatures were, respectively, 17.7 °C, 22.5 °C, 27.3 
°C. The experimental site has been historically managed 
under non-tillage ICLS; the preceding crops were maize 
(Zea mays L. ‘IPR 114’) during the summer 2008/2009, 
and black oats (Avena strigosa Scherb. ‘IAPAR 61’) 
intercropped with annual ryegrass (Lolium multiflorum 
Lam. ‘São Gabriel’) during the winter 2009. The soil at 
the site is a Ferritic Ferralsols (FAO, 2014), with clayey 
texture, and the average soil chemical characteristic at 
0-15 cm depth was: pH (CaCl2), 4.7; OM, 67.2 g dm-3; P 
(Mehlich-1), 19.9 mg dm-3; K, 399.7 cmolc dm-3; Ca, 5.4 
cmolc dm-3; Mg, 2.7 cmolc dm-3; H+Al, 7.9 cmolc dm-3; 
CEC, 16.9 cmolc dm-3; base saturation, 52.3%. Pastures 

were established by natural reseeding and received 200 
kg N ha-1 and 100 kg P2O5 ha-1 throughout the study.

On December 10, 2009, a mowing at 10-cm 
stubble height was done to reduce vegetation cover and 
improve germination of Alexandergrass seeds. From 
this date, canopy height was monitored at 40 random 
points per pasture using a sward stick. On December 31, 
2009, grazing was initiated, and the stocking rate (kg 
LW ha-1) adjusted to set the intended grazing heights. On 
January 6, 2010, the experiment was initiated. Our study 
lasted 94 days, 10 days to establish the grazing heights 
and the remainder divided into four 21-days periods. 
The decision for experimental closing date was due to 
the necessity of planting winter crops.

The treatments were four grazing heights 
(10, 20, 30, or 40 cm), generated by continuous stocking 
and with variable stocking rate (put-and-take). The 
grazing heights were based on a study of Brachiaria 
brizantha ‘Marandu’ (SBRISSIA et al., 2010), because 
of structural similarities and the scarcity of references 
for Alexandergrass. Treatments were applied following 
a completely randomized design with three replications, 
totaling twelve pastures (experimental units) of 0.033-
0.059 ha. Pastures were stocked by one-year-old Boer 
goats (Capra aegagrus hircus), with initial average 
body weight of 38 ± 5.3 kg. Three testers were assigned 
to each pasture; put-and-take animals could be used to 
adjust stocking rate to maintain grazing height targets. 
The animals were not fed concentrates, but we provided 
free access to 4-m2 shelters with fresh water and mineral 
salt offered ad libitum.

At the beginning of each evaluation period, 
four representative herbage samples (based on visual 
assessment of mass and height) were clipped at ground 
level, using 1-m2 circular frames and scissors. These 
samples were taken to the laboratory, separated into 
morphological components (leaf (lamina), stems 
(sheaths + stems), and dead material), and dried in 
a forced draught oven at 65 °C until constant weight. 
Finally, they were weighted to estimate herbage mass 
(kg DM ha-1), leaf lamina mass (kg DM ha-1), and leaf: 
stem ratio. Forage chemical composition was assessed 
from hand-plucked samples (EUCLIDES et al., 2009). 
For this purpose, approximately 700 g of fresh forage 
were collected simulating animal’s harvesting (based 
on visual assessment) and dried as described above. 
Afterwards, they were grounded in a Willey mill to 
pass a 1-mm screen and submitted to near-infrared 
spectroscopy to estimate crude protein, neutral and acid 
detergent fiber contents (% DM). 

Herbage accumulation rate was estimated at 
the beginning of each experimental period, using three 
exclusion cages (1-m diameter x 1-m height) placed on 



 


