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Abstract
The aim of this study was to evaluate some morphogenetic and structural characteristics to explain 
variations in forage accumulation of Alexandergrass (Urochloa (Syn. Brachiaria) plantaginea) under 
continuous stocking method. The experimental treatments consisted of four grazing heights (10, 20, 
30, and 40 cm), allocated to experimental units following a randomized block design with three 
replicates. The following variables were analyzed: leaf appearance, elongation, and senescence rates, 
leaf lamina length, number of leaves per tiller, leaf area index (LAI), and forage accumulation rate. 
Data were submitted to analysis of variance and means were compared by Student’s t-test (P≤0.05). 
The main results were: i) different grazing heights had different tissue flows; ii) grazing heights 
between 30-40 cm showed the highest LAI, and produced similar values; iii) forage accumulation 
rate increased according to grazing height increments, but did not change above 30 cm. In conclusion, 
Alexandergrass pastures under continuous stocking should not be maintained at grazing heights lower 
than 30 cm if the objective is to maximize forage production.
Keywords: tissue flow; forage production; grazing intensity; integrated crop-livestock systems.

Resumo
O objetivo deste trabalho foi avaliar alguns aspectos morfogênicos e estruturais para explicar 
eventuais alterações no acúmulo de forragem de pastos de papuã (Urochloa (Syn. Brachiaria) 
plantaginea) sob lotação contínua. Os tratamentos experimentais corresponderam a quatros alturas de 
dossel (10, 20, 30 e 40 cm), alocados às unidades experimentais conforme um delineamento de blocos 
completos casualisados, com três repetições. As variáveis analisadas foram: taxa de alongamento, 
aparecimento e senescência foliar; densidade populacional de perfilhos; comprimento e número de 
lâminas foliares por perfilho; índice de área foliar (IAF); taxa de acúmulo de forragem. Os dados 
foram submetidos à análise de variância e as médias comparadas pelo teste t de “Student” (P≤0,05). 
Os principais resultados obtidos foram: i) diferentes alturas de manejo apresentam diferentes ritmos 
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de aparecimento, crescimento e morte de tecidos; ii) pastos manejados entre 30-40 cm apresentaram 
os maiores valores de IAF e foram semelhantes entre si; iii) a taxa de acúmulo aumentou com o 
aumento da altura de manejo, mas não foi alterada a partir de 30 cm. Recomenda-se manejar pastos 
de papuã sob lotação contínua com não menos que 30 cm quando o objetivo for maximizar a produção 
de forragem.
Palavras-chave: fluxo de tecidos; produção de forragem; intensidade de pastejo; sistemas integrados 
de produção agropecuária.
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Introduction

Urochloa (Syn. Brachiaria) plantaginea, popularly known as Alexandergrass, is an annual warm-
season grass that appears spontaneously in grain crop fields during warm periods of the year. In areas 
intended for integrated crop-livestock systems (ICLS), Alexandergrass can be a low-cost forage 
alternative, as it has a high potential for natural reseeding, and benefits from cultural practices (e.g., 
fertilization) that were performed in previous crops. Additionally, because it is present in large 
quantities at the end of the summer cropping season, it can be considered as a fodder alternative 
during the feed shortage period in the fall(1).

Despite the advantages of ICLS, such species are not widely used. A possible explanation may be the 
lack of effective management targets for the creation and maintenance of structures that maximize 
forage production. In fact, most of the traditional management targets (e.g., fixed stocking rate, 
grazing pressure) favor harvest efficiency and do not control sward canopy structure, which in turn 
penalize forage accumulation(2). In this context, setting targets for grazing height can be an effective 
tool for the production of forage in quantity and quality, as this has been shown to be an integrative 
variable, relating to several processes that occur at sward canopy level (2-3).

Pastures under continuous stocking method have to maintain a specific range of grazing heights to 
obtain a high productive potential(2-3). This is the result of compensatory effects between tissue flow 
(g/tiller/day) and tiller population density (tillers/m2)(4-5). Although the explanatory bases are well
established, the scientific literature contains no conclusive evidence concerning optimal management 
targets for Alexandergrass pastures. Against this background, the aim of this trial was to evaluate the 
morphogenesis, structural characteristics, and herbage accumulation of continuously stocked 
Alexandergrass swards maintained at different grazing heights.

Materials and Methods

The experiment was carried out in Pato Branco/PR, Brazil (25°07′S, 52°41′W), between January and 
April 2010. According to the Köppen climate classification, the region has a Cfa-type climate 
(subtropical). The weather conditions observed during the experimental period are shown in Figure 
1. The experimental area has been a non-tillage ICLS for around 20 years, and the cultivation before 
the experiment was black oats (Avena strigosa Scherb. 'IAPAR 61') intercropped with annual ryegrass 
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(Lolium multiflorum Lam. 'São Gabriel'). The Alexandergrass pastures were established by natural 
reseeding, as the experimental area had a high seed bank remaining from a rest period in the autumn 
prior to the experiment. On December 10, 2009, the area was mowed in order to reduce vegetation 
cover, to improve germination of the Alexandergrass seeds.

The soil at the experimental site is a Red Dystrophic Oxisol with clay texture(6). According to soil 
analysis performed before the experimental period, the following characteristics were found at a depth 
of 0-15 cm: pH (CaCl2), 4.7; MO, 67.2 g/dm3; P (Mehlich-1), 19.9 mg/dm3; K, 399.7 cmolc/dm3; Ca, 
5.4 cmolc/dm3; Mg, 2.7 cmolc/dm3; H+Al, 7.9 cmolc/dm3; cation exchange capacity (CEC), 16.9 
cmolc/dm3; and base saturation (V), 52.3%. Based on these results and the Fertilizing and Liming 
Manual for the States of Rio Grande do Sul and Santa Catarina(7), fertilization was performed. 
Nitrogen fertilizer was split-applied in three applications, after observing the rainfall occurrence to 
ensure maximum assimilation of N by the pasture. The dates, sources, and amount of N applied during 
the experiment were: December 21, 2009, as urea (100 kg N/ha); January 28, 2010, as ammonium 
nitrate (50 kg N/ha); and March 15, 2010, as urea (50 kg N/ha). Phosphorus fertilization was 
performed in a single application of 100 kg P2O5/ha on December 21, 2009, using triple 
superphosphate.

The experimental treatments corresponded to four grazing heights (10, 20, 30, and 40 cm), maintained 
by continuous stocking and variable stocking rate (“put-and-take”). The grazing heights were based 
on studies performed with Brachiaria brizantha 'Marandu'(8), because of their structural similarities 
and the scarcity of management targets for Alexandergrass pastures. The pastures were grazed by 
one-year-old Boer goats (Capra aegagrus hircus), with an initial average body weight (LW) of 38 ± 
5.3 kg. The mean stocking density (kg LW/ha) and observed canopy heights (cm) during the 
experimental period are shown in Figure 2.
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Following the mowing performed on December 10, sward surface height was monitored twice per 
week with a sward stick, at 40 random points per experimental unit. As soon as pastures reached an 
average height of 30 cm (December 31, 2009), grazing was initiated, and the stocking rate (kg LW/ha) 
adjusted to establish the intended canopy height targets. On January 6, 2010, the experimental period 
was initiated.

Morphogenetic and structural characteristics were determined by using the marked-tiller technique(9). 
For this purpose, 30 tillers per paddock were marked with colored wires, every 40 cm along two 12 
m-long transects. With a ruler, the following readings were taken every two days during two periods 
(P1: 02/02/2010 to 02/12/2010; P2: 03/05/2010 to 03/13/2010): extended tiller height (from the 
ground to the tip of the highest leaf when vertically aligned); stem + pseudostem length (from the 
ground to the last exposed ligule); and leaf lamina length and width (taken from the median portion). 
In addition, all leaf laminas were classified as intact or defoliated, fully expanded (with exposed 
ligule), or expanding (no exposed ligule), and living or senescing (presence or absence of yellow 
areas). The lengths of the fully expanded leaves were measured from the ligule to the tip, and for 
expanding leaves (no exposed ligule), the last exposed ligule was taken as a reference. For senescing 
leaves, only the length of the green portion was considered. Finally, at the beginning of each 
experimental period (P1 and P2), tiller population density (TPD) was estimated by counting the total 
number of existing tillers within 0.125 m2 metal quadrats, placed at three random points per pasture.

The forage accumulation rate was estimated by using grazing exclusion cages. For this purpose, in 

each experimental unit, two circular exclusion cages (1 m diameter  1 m height, with a 50  100 mm 
rigid wire mesh) were placed on areas representative of the average pasture condition (visual 
assessment of herbage mass and height). At the same time, three forage samples outside of the cages 
were collected close to the ground, using a 0.25 m2 metal quadrats (HMDay0). At the end of three 
weeks, the forage mass inside the exclusion cages was collected (HMDay21). Immediately after 
collection, all samples were dried in a convection oven at 65°C for 48 hours and then weighed to 
estimate dry matter content (%DM). Finally, based on the difference between forage masses (HMDay21

– HMDay0) and the evaluation interval (21 days), the forage accumulation rate was estimated (kg 
DM/ha/day).

The experimental design was a completely randomized block, with three replications, totaling twelve 
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experimental units of 0.033-0.059 ha. The data were submitted to analysis of variance using the 
MIXED procedure (mixed models) of SAS (SAS Institute, Cary, NC, USA). The effects of treatment, 
period, block, and the treatment*period interaction were considered as fixed. Additionally, period 
was considered as a repeated-measurement. Treatment means were estimated by LSMEANS and 
compared by Student’s t-test (PDIFF). A regression analysis was performed to establish the linear 

relationship between "leaf area index  forage accumulation rate", using SigmaPlot (Systat Software 
Inc., Richmond, CA, USA). The level of significance for all analyses was set at 5% (P≤0.05).

Results and Discussion

The leaf appearance rate (LAR) varied according to the evaluation period (P=0.0109) and the grazing 
height (P=0.0073), with no significant interaction between these factors (P=0.9124). Regardless of 
the evaluation period, pastures maintained at more than 30 cm presented a lower LAR, though the 20 
cm treatment was statistically equivalent (Table 1). Such a result can be attributed to the greater leaf 
sheath tube commonly observed at taller grazing heights, what leads to a delay in the emergence and 
visualization of subsequently appeared leaves(10). Additionally, regardless of grazing height, greater 
LARs were detected during the first evaluation period (Table 1), probably as a consequence of more 
favorable environmental conditions (e.g., temperature, rainfall, and light availability) during that 
period. The phyllochron (PHY) had the same pattern of response as the LAR (evaluation period, 
P=0.0008; grazing height, P=0.0021; evaluation period*grazing height, P=0.4733; Table 2). In fact, 
such a pattern of response was expected, as PHY is obtained from an inverse relationship with LAR 
(PHY = 1/LAR). In this way, variations in PHY can be explained in the same terms as LAR.
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The leaf elongation rate (LER) was affected by the evaluation period (P<0.0001), grazing height 
(P<0.0001), and the interaction between these factors (P=0.0021); higher LERs were recorded during 
the first evaluation period, although the 10 cm treatment showed no difference between the periods 
(Table 3). In addition, during the first evaluation period, pastures managed at 30 cm or more had the 
highest LER, although the 20 cm treatment was statistically equivalent (Table 3). These variations 
were mainly because of the favorable environmental conditions during the first evaluation period 
(Figure 1) and the concomitant increase in LAI as a function of grazing heights (discussed below, 
Table 9). It is worth mentioning that the high LER values, which may be a result of the greater 
availability of nutrients commonly observed in ICLS(11-12).

Leaf lifespan is an important feature in determining tissue flows for individual tillers(13). In our 
experiment, it was affected by the evaluation period (P<0.0001), grazing height (P<0.0001), and the 
evaluation period*grazing height interaction (P=0.0502), with the highest values being registered for 
the 30 and 40 cm treatments, mainly during the second period (Table 4). In theory, having long-lived 
leaves could be an advantage, because it increases the probability of being harvested. However, our 
result reflects the levels of forage accumulation rates (described below, Table 10) and the stocking 
rates (Figure 2) utilized to maintain grazing heights. In this sense, in order to maintain higher grazing 
heights, a lower stocking rate was necessary (particularly during the second period), thus reducing 
the frequency of defoliation of individual tillers(13) and increasing leaf lifespan.

Although undesirable, senescence is an unavoidable process, so grazing management should be 
oriented towards its reduction or control. In our study, leaf senescence rate (LSR) varied only 
according to grazing height (P=0.0060), with no effects of evaluation period (P=0.4074) or the 
period*grazing height interaction (P=0.5942); LSR increased according to grazing height increments, 
although there was an equivalence between some treatments (Table 5). These results are a 
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consequence of the greater amount of mature tissues present at taller grazing heights, which increases 
the LSR by both: i) reducing the penetration of light into the sward canopy; and ii) reaching their 
lifespan. In addition, as mentioned previously, pastures maintained at higher grazing heights show a 
lower frequency of defoliation, so a greater amount of leaves can reach their leaf lifespan and 
senesce(13).

Usually, the number of live leaves per tiller (NGL) is fairly constant for a given genotype(14-15), but 
grazing management practices can change it. The NGL was only affected by grazing heights 
(P<0.0001), increasing according to grazing height increments (Table 6). It is interesting to note the 
plateau of approximately 4.5 leaves at heights of 30 cm or greater, indicating that this may be the 
upper limit for Alexandergrass swards. The number of growing leaves per tiller was not affected by 
the treatments or evaluation periods (P>0.05), showing an average value of 1.5 growing leaves/tiller. 
Such a result suggests that the number of growing leaves in Alexandergrass tillers is fairly constant, 
with LER being the main process that can be modified by grazing management strategies for the 
improvement of forage production.

Tiller population density (TPD) is one of the main LAI components, with great flexibility shown by 
plants(3). In our experiment, TPD was influenced by grazing height (P<0.0001) and evaluation period 
(P=0.0043), with no interaction between them (P=0.1738). Regardless of grazing height, the higher 
TPD values were recorded during the first period (Table 7). This difference is probably due to shading 
and the preferential allocation of assimilates to reproductive tillers, which is commonly observed at 
the end of the vegetative/beginning of the reproductive stage(3). Regardless of the evaluation period, 
the highest values were recorded on swards maintained at 10 cm, and the lowest on those maintained 
at 40 cm (Table 7). Because TPD is influenced by the quantity and quality of light that reaches the 
axillary and basilar meristems, the lower the grazing height, the higher the TPD (composed mainly 
of small tillers), as a greater quantity and quality of light reaches the bottom of the sward canopy(3,8).
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Leaf lamina length (LLL) varied according to the evaluation period (P=0.0074) and the grazing height 
(P<0.0001), but there was no interaction between them (P=0.2461); greater values were observed 
during the first evaluation period and at taller grazing heights (Table 8). The LLL is determined by 
the LAR and the LER, as the growth interval is a function of the appearance of successive leaves(14). 
As the LER range according to grazing heights was of a greater magnitude than the LAR (Table 1 
and Table 3), the higher LLL can be explained by the higher LER observed in such situations. This 
relationship also explains the differences detected between evaluation periods (Table 8), as the lower 
values of LAR (Table 1) and LER (Table 3) were detected during the second period. Finally, the 
higher stocking density necessary to keep grazing heights lower (previously mentioned), may have 
contributed to the lower values of LLL, as it implies a greater frequency of defoliation of individual 
tillers(13).

Leaf area index (LAI) was affected by grazing height (P=0.0001) and evaluation period (P=0.0164), 
but there was no interaction between these factors (P=0.1069); pastures managed at a height of 30-
40 cm had the highest values and were similar to each other (Table 9). In addition, the highest value 
was observed during the first evaluation period (Table 9). In fact, pastures managed under the 
continuous stocking method may present an equivalent LAI within a range of grazing management 
targets (e.g., height and forage mass), as a consequence of the compensatory mechanisms between 
tiller size/population density(8,15) and tiller size/tissue flow(4-5). In addition, the LAI can be maximized 
under favorable growth conditions (e.g., light, and rainfall). 

The forage accumulation rate (FAR) varied with grazing height (P=0.0011) and the evaluation period 
(P=0.0068), but there was no interaction between them (P = 0.5957). Similar to LAI, pastures 
maintained between 30 and 40 cm were superior and similar to each other, and, regardless of the 
grazing height, the greatest values were observed during the first evaluation period (Table 10). From 
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an ecological point of view, the LAI is the most important canopy characteristic, as it determines the 
levels of light interception, gas and water exchange, and both within- and below-canopy 
microclimates, been a key component of biogeochemical cycles in ecosystems(16). Therefore, any 
modification in LAI (whether related to pasture management or not) is accompanied by a change in 
forage yield. In fact, in our experiment, the LAI could explain approximately 51% of the FAR 
variation (Figure 3). Thus, the variations in FAR reported here are mainly related to variations in LAI.
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Conclusion

Grazing height modifies the morphogenetic and structural responses of Alexandergrass swards under 
the continuous stocking method, enabling similar forage accumulation within a range of grazing 
height targets. Therefore, it is recommended that Alexandergrass pastures that are under continuous 
stocking should be maintained at a height of at least 30 cm when the objective is to maximize forage 
production.
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