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Abstract

The pasture mowing in late winter removes the old forage, improving the pasture structure in spring and
summer. However, the residue after mowing can affect tillering, thus limiting forage production and the
structural characteristics of pasture. We hypothesized that the high amount of cut vegetal residues on the
plants in late winter causes a decrease in forage production and modifies the structural characteristics of
the forage canopy during the spring and summer. The treatments were four cut vegetal residues (0; 2,000;
4,000 and 8,000 t ha of natural material) deposited on Urochloa brizantha cv. Marandu canopy in late
winter. After that, the forage production and structure characteristics were evaluated during the spring and
summer for two years. The complete randomized block design, with four replications, was used. The
defoliation management was characterized by the adoption of pre- and post-cut heights of 25 and 15 cm,
respectively. For both years, there was no effect of cut vegetal residue on all the characteristics evaluated.
No variable was affected by the interaction cut vegetal residue amount x year of evaluation. The dead leaf
blade percentage was greater in year 2 (6.9%) than in year 1 (3.5%). The average values of variables were
live leaf blade percentage = 84.2%; live stem percentage = 8.7%; dead stem percentage = 1.9%; number of
vegetative tiller = 653 tiller/m?; number of reproductive tiller = 5 tiller m2. The forage production rate
presented an average value of 46 kg/ha/day of dry matter. The cut vegetal residue amount of up to 8,000
t/ha of natural material on the plants in late winter does not affect the forage production or modifies the
structural characteristics of marandu palisadegrass during the subsequent spring and summer.

Keywords: Brachiaria brizantha syn. Forage Production. Morphological Composition. Number of Tiller.
Urochloa brizantha.

1. Introduction

In Brazil, Brachiaria brizantha syn. Urochloa brizantha (Hochst ex A Rich) Stapf. Cv. Marandu
(marandu palisadegrass) is one of the most used grasses by ranchers for pasture formation. When using the
deferment of pastures, it is common that marandu palisadegrass to have high forage mass, with high stems
and dead material percentages in late winter (Silva et al. 2016), which may have negative effects on tillering
(Santana et al. 2014).
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In order to avoid problems of tall grasses in late winter, mowing the sward can be used to rapidly
remove older plants, which would stimulate the renewal of its population from the spring on and,
consequently, it would provide the formation of a structure more available to animal apprehension and
intake, improving the animal performance. In this context, Sousa et al. (2018), in a work with B. brizantha
cv. Marandu, found that tall pasture (31.3 cm) and mowed to 8 cm at the late winter had a higher live leaf
blade percentage and a lower stem dead percentage in the subsequent spring, compared to no-mowed tall
pasture (31.4 cm). Thus, the sheep performance in spring, when all pastures were managed in continuous
stocking, was 33% higher in the tall/mowed pasture than in the tall pasture in late winter.

A large amount of cut vegetal residue on the lowered pasture can reduce the incidence of light at the
bottom of the canopy and, therefore, inhibiting tillering (Matthew et al. 2000; Sbrissia et al. 2010),
consequently reducing the forage production. The high carbon: nitrogen ratio of tropical forage grasses may
also limit the mineralization of the plant residue, causing immobilization of nitrogen by the microorganisms
in the soil. As a consequence, this nutrient may be unavailable to forage plants (Carneiro et al. 2008), which
would also reduce tillering. In this sense, Santana et al. (2014) founded that deferred pastures of Brachiaria
decumbens cv. Basilisk with lower heights (10 and 20 cm) at the beginning of the deferment period showed
a greater renewal of tillers in the spring, in comparison to the tall, deferred pastures (30 and 40 cm). The
authors argued that this response pattern was a consequence of the lower forage mass at late winter in the
deferred pastures with 10 and 20 cm, in contrast to those deferred with 30 and 40 cm.

Because of the large number of Brazilian farmers using mowing as a management strategy, which
results in a large amount of cut vegetal residue on plant base, this study was developed to verify if the forage
production and the structural characteristics of the marandu palisadegrass during spring and summer are
modified in response to the deposition of cut vegetal residues after canopy cutting in late winter. We
hypothesized that the high amount of cut vegetal residues on the plants in late winter causes a decrease in
forage production and modifies the structural characteristics of the forage canopy during the spring and
summer.

2. Material and Methods

The experiment was conducted from October to March and in two consecutive years (2014/2015 and
2015/2016) on pasture with Brachiaria brizantha syn. Urochloa brizantha (Hochst ex A Rich) Stapf. cv.
Marandu (marandu palisadegrass), in which 16 experimental plots (experimental units) of 9 m? each were
demarked. The experimental area was located at the Experimental Capim-Branco Farm, at Federal University
of Uberlandia, Uberlandia, MG, Brazil. The approximate geographical coordinates of the site are 18° 30'
south latitude and 47° 50' west longitude of Greenwich, and its altitude is 776 m. The climate of Uberlandia,
according to the Képpen classification, is Aw type, tropical savannah (Alvares et al. 2013), with well-defined
dry (April to September) and rainy (October to March) seasons. Information on the climatic conditions during
the experimental period was monitored at a meteorological station located 200 m away from the
experimental area (Figure 1).
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Figure 1. Monthly rainfall and average of maximum, minimum and mean air temperatures on the
experimental site from October to March of the two experimental years.
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In October of 2014, soil samples were collected from the experimental area to analyze the fertility
level. The results were: pH in H>0: 6.0; P: 5.2 (Mehlich'!) and K: 156 mg dm3; Ca?*: 5.4; Mg?*: 2.0 and Al3*:
0.0 cmol. dm™3 (KCI 1 mol/L). Based on these results, liming and potassium fertilization was not necessary.
Phosphate and nitrogen fertilization were performed after cutting the plants in October, applying 50 kg ha"
! of N and P20s. In December, an extra 50 kg ha™ of N dose was applied. Urea and simple superphosphate
were used as fertilizer sources. Fertilization was carried out with a single application in the late afternoon
and coverage, according to the recommendations of Cantarutti et al. (1999) for a medium-level technological
system.

The experiment was conducted in a randomized complete block design with four replicates. The
effects of deposition of cut vegetal residues (0; 2,000; 4,000 and 8,000 kg.ha of natural material) at late
winter on forage production and structural characteristics of marandu palisadegrass during the following
spring and summer were evaluated.

In early October, forage canopies were 37 and 43 cm in height in the first and second year of the
study, respectively. In addition, forage mass (6,233 and 7,073 kg ha of DM in the first and second year,
respectively) consisted of the high stem (43.7% and 47% in the first and second year, respectively) and dead
material (51.8% and 49.3% in the first and second year, respectively) percentages. Thus, to eliminate this old
forage, all the plants were cut at 15 cm height. Subsequently, all cut plants were removed from above and
between the canopies of the remaining plants. Then, the amounts of cut vegetal residue in each
experimental unit, according to the treatments, were distributed evenly on the lowered plants. The cut
vegetal residue consisted of the forage from above the 15 cm cut, with 81% DM and 78% DM in the first and
second experimental years, respectively.

As of October, and according to recommendations of Trindade et al. (2007), canopies were cut when
the plants reached an average height of 25 cm, leaving a post-cut residue of 15 cm. This procedure occurred
until March of each year. Three cuts were performed in the first year and four cuts in the second
experimental year.

All evaluations were performed before the cuts. The canopy height was measured with a graduated
ruler, in 10 points of each plot, observing the distance from the soil surface to the highest living leaf in the
canopy as the criterion.

The forage production rate was estimated with a cut above 15 cm, using a quadrat of 0.5 m side per
plot. Each sample was separated into the live leaf blade, dead leaf blade, and live stem and dead stem. These
components were weighed, dried in a forced draught oven at 65°C to constant weight, and reweighed. With
these data, the forage mass was calculated, as well as their morphological composition. The volumetric
densities of the total forage mass and its morphological components were obtained by dividing the forage
masses by the height of the cut stratum in the canopies.

The number of vegetative and reproductive tillers was quantified using a 0.25 x 0.5 m rectangle,
which was fixed to the soil, to count the tillers contained therein. Tiller was considered vegetative when it
did not have the inflorescence nor the flag leaf, and reproductive when it was present.

Data were subjected to analysis of variance at p < 0.05 using the MIXED procedure (mixed models)
of SAS, version 9.2 (SAS Institute, Cary, NC, USA). The assumption of homogeneity of variances and normality
was tested for each ANOVA. The models included the treatment (T), year (Y), and the treatment x year (T*Y)
interaction as described below:

Yi=m+Ti+Yj+(T*Y)+ej

3. Results

A summary of the statistical analysis, with the factor’s significance (p value) for each variable
response, is presented in Table 1. For all the variables analyzed, the same response pattern was observed in
the two years of the research: the amount of cut vegetal residue on the plants did not influence the forage
production and the structural characteristics of marandu palisadegrass. Additionally, no variable response
was affected by the interaction treatment (amount of vegetal residue on the plants) x year of evaluation
(Table 1).
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Table 1. Summary of the statistical analysis, with the factor’s significance (p value) for each variable

response.
Variable response Factor
Treatment Year Treatment x Year
Forage production rate 0.9006 0.1053 0.8768
Morphological composition in the produced forage (%)
Live leaf blade 0.9682 0.1870 0.8071
Dead leaf blade 0.6509 0.0071* 0.0539
Live stem 0.5556 0.2000 0.4689
Dead stem 0.2615 0.0807 0.6583
Volumetric density (kg cm™ ha't)
Total forage 0.6200 0.0051* 0.7477
Live leaf blade 0.6668 0.0001* 0.8990
Dead leaf blade 0.6811 0.0010* 0.3638
Live stem 0.9413 0.2034 0.9924
Dead stem 0.4906 0.1878 0.8693
Tiller m
Vegetative 0.9630 0.0504 0.4938
Reproductive 0.2562 0.0699 0.6200

*Statistical difference (p < 0.05).

The year of evaluation had an effect on the dead leaf blade percentage and on the volumetric
densities of total forage, leave leaf blade, and dead leaf blade (Table 1). The values of dead leaf blade
percentage (6.9 and 3.5%), volumetric densities of total forage (163 and 142 kg/ha.cm), leave leaf blade (133
and 123 kg/ha.cm) and dead leaf blade (15 and 6 kg/ha.cm) were greater in year 2 (2015/2016) than year 1
(2014/2015).

The average values of response variables were forage production rate = 46 kg.ha.day™ of dry matter;
live leaf blade percentage = 84.2%; live stem percentage = 8.7%; dead stem percentage = 1.9%; volumetric
density of live stem = 12 kg/cm.ha; volumetric density of dead stem = 3 kg/cm.ha; number of vegetative tiller
= 653 tiller/m?; and number of reproductive tiller = 5 tiller.m2.

4. Discussion

The mean heights of pre-cut marandu-grass remained similar in the two experimental years (24.8 cm
in the first year and 25.7 cm in the second year) since all plants were managed with the same criterion:
lowered from 25 to 15 cm. This cut management was based on Trindade et al. (2007), who verified that the
management characterized by the pre-grazing height corresponding to the interception of 95% of the light
(25 cm) and the post-grazing height of 15 cm resulted in greater intake by cattle of live leaf blade than stems
or dead material. Additionally, Giacomini et al. (2009) worked in the same experimental area as Trindade et
al. (2007) and concluded that this pasture management resulted in the most favorable crop growth rate,
relative growth rate, and net assimilation rate, particularly during the transition period between winter and
spring.

In the two experimental years, the structural characteristics of forage canopies were similar,
regardless of the amount of cut vegetal residue on the plants. Again, this occurred due to the same
management adopted in the pre- and post-cut conditions. The management of defoliation based on canopy
height has been shown to be efficient in controlling and maintaining the structural characteristics of several
tropical forage types of grass within the same time of year, being one of the main advantages and reasons
for the recommendation of this grazing management criterion. In part, this occurs because, when the canopy
height is controlled, its stage of development is controlled concomitantly, a process that is responsible for
the generation of the plant structure (Araujo et al. 2015; Silveira et al. 2016; Pedreira et al. 2017).

Thus, the forage produced was composed of a high percentage of live leaf blades (84.2%) in relation
to the other plant morphological components (8.7 % of the live stem and 71% dead material). With the
canopy cutting at 25 cm height, there is greater leaf growth, but low stem lengthening, and reduced leaf
senescence, due to the fact that there is less light competition inside the canopy (Giacomini et al. 2009).
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The adequate canopy structure during spring and summer was possible due to the elimination of the
old forage with the mowing in the late winter. When mowing is not carried out, it is probable that the old
forage from winter would remain mixed with the new forage, from regrowth from spring. As a result, the
structure of forage canopies is damaged. In this sense, Souza et al. (2015) evaluated in early summer the
marandu palisadegrass structure after its mowing in the late winter, compared to pasture submitted only to
grazing with sheep in continuous stocking (without mowing). These authors verified that mowing marandu
palisadegrass in late winter maintained the pasture with a younger vegetative tiller population in the early
summer. The presence of vegetative and young tillers can increase the forage production of the pasture
because this category of tiller has greater tissue flow (Paiva et al. 2011). In addition, young tillers have better
morphology (Santos et al. 2019) and nutritional value (Santos et al. 2006) than older tillers.

Due to the low pre-cut height adopted (25 cm), the flowering of the plants became controlled, which
had a low appearance of reproductive tillers. With this management, the plants were prevented from
reaching greater heights and, consequently, greater development stages. When the inflorescence began to
develop at the apex of the tillers, it was cut. So, the flowering did not manifest itself intensely. The reduced
flowering can also be attributed to the flowering season of the marandu palisadegrass, which occurs in late
summer, in February and March (Valle et al. 2010), when the evaluations were already finished.

In both experimental years, the forage production rate was also not influenced by the amounts of
cut vegetal residue. This indicates that the cut vegetal residue on the plants does not reduce the population
density of tillers and forage production. A possible explanation for this result may be related to the reserve
compounds accumulated in the plant. In low-growing conditions, such as in winter, the energy demand for
the expansion and formation of new plant tissues is reduced, allowing photo-assimilates to be stored in
reserve structures (da Silva et al. 2014). In this context, it is possible that marandu palisadegrass stocked the
reserve compounds during winter and those used after lowering to 15 cm for the development of new tillers.
This process may have been stimulated by the elimination of the apical meristem of the tiller after cutting.
Therefore, the apical dominance of the tiller was eliminated and, consequently, many buds that previously
had their activity inhibited have developed into tillers (Taiz and Zeiger 2013).

Even without impair the number of tillers and forage production, the mowing of the forage canopy
results in an increase in the cost of production, because it depends on machinery, fuel, and labor. Thus, as
far as possible, it is important to manage the pastures so that, in late winter, they are low and do not need
to be mowed to stimulate their regrowth and improve their structure from spring. Indeed, Santana et al.
(2014), studying B. decumbens cv. Basilisk found that deferred and lower pasture in late winter had a greater
appearance tiller rate in the spring when compared to higher pastures in late winter.

The differences between the values of dead leaf blade percentage and volumetric densities of total
forage, leave leaf blade and dead leaf blade between the years of evaluation may have been due to
differences in the climatic conditions of these years. From October 2015 to March 2016, the rainfall was 34%
higher than the rainfall of the same period of the previous year. The minimum air temperature also was
13,2% greater in the first year than the second year (Figure 1).

We hypothesized that the high amount of cut vegetal residues on the plants in late winter causes a
decrease in forage production and modifies the structural characteristics of the marandu palisadegrass
during the spring and summer. However, based on our results, we reject this hypothesis.

5. Conclusions

The amount of cut vegetal residue up to 8000 kg.ha™ of natural matter on the plants in late winter
does not affect the forage production neither modifies the structural characteristics of Brachiaria brizantha
syn. Urochloa brizantha cv. Marandu during the following spring and summer.

Authors' Contributions: SILVA, G.F.: acquisition of data, analysis and interpretation of data; FERNANDES, W.B.: acquisition of data, analysis and
interpretation of data; ROCHA, G.O.: acquisition of data, analysis and interpretation of data, and critical review of important intellectual content;
VAN CLEEF, F.0.S.: acquisition of data, analysis and interpretation of data; CARVALHO, B.H.E.: acquisition of data, analysis and interpretation of
data, and critical review of important intellectual content; SANTOS, M.E.R.: conception and design, analysis and interpretation of data, drafting
the article. All authors have read and approved the final version of the manuscript.

Conflicts of Interest: The authors declare no conflicts of interest.

Bioscience Journal | 2022 | vol. 38, 38023 | https://doi.org/10.14393/BJ-v38n0a2022-54109



Does amount of cut vegetal residue on the canopy influence growth and the structural characteristics of marandu palisadegrass ?

Ethics Approval: Not applicable.

Acknowledgments: The authors would like to thank the members of Grupo de Teste de Hipdteses em Forragicultura (TESTHFOR) of Universidade
Federal de Uberldndia (UFU), for their contributions during the field trial setup.

References

ALVARES, C.A., et al. Kbppen'’s climate classification map for Brazil. Meteorologische Zeitschrift. 2013, 22(6), 711-728.
https://doi.org/10.1127/0941-2948/2013/0507

ARAUJO, D.L.C., et al. Caracteristicas morfogénicas, estruturais e padrdes demogréficos de perfilhos em pastagem de capim-andropégon sob
diferentes ofertas de forragem. Semina: Ciéncias Agrdrias. 2015, 36(5), 3303-3314. https://doi.org/10.5433/1679-0359.2015v36n5p3303

CANTARUTTI, R.B., et al. Recomendagdo para o uso de corretivos e fertilizantes em Minas Gerais. Vigosa: CFSEMG, 1999.

CARNEIRO, M.A.C,, et al. Produgdo de fitomassa de diferentes espécies de cobertura e suas alteragdes na atividade microbiana de solo de
Cerrado. Bragantia. 2008, 67(2), 455-462.

GIACOMINI, A.A., et al. Growth of marandu palisadegrass subjected to strategies of intermittent stocking. Scientia Agricola. 2009, 66(6), 733-
741. https://doi.org/10.1590/50103-90162009000600003

MATTHEW, C., ASSUERO, S.G., BLACK, C.K. and SACKVILLE HAMILTON, N.R., 2000. Tiller dynamics of grazed swards. IN: LEMAIRE, G.,
HODGSON, J., MORAES, A. DE CARVALHO, P.C.F. and NABINGER, C. (Eds.). Grassland ecophysiology and grazing ecology. Curitiba: CABI, pp.
127-150. https://doi.org/10.1079/9780851994529.0127

PAIVA, A.J., et al. Morphogenesis on age categories of tillers in marandu palisadegrass. Scientia Agricola. 2011, 68(6), 626-631.
https://doi.org/10.1590/50103-90162011000600003

PEDREIRA, C.G.S., BRAGA, G.J. and PORTELA, J.N. Herbage accumulation, plant-part composition and nutritive value on grazed signal grass
(Brachiaria decumbens) pastures in response to stubble height and rest period based on canopy light interception. Crop & Pasture Science.
2017, 68(1), 62—73. https://doi.org/10.1071/CP16333

SANTANA, S.S., et al. Initial height of pasture deferred and utilized in winter and tillering dynamics of signal grass during the following spring.
Acta Scientiarum. Animal Sciences. 2014, 36(1), 17-23. https://doi.org/10.4025/actascianimsci.v36i1.20463

SANTOS, M.E.R., et al. Apparent selectivity of sheep in deferred marandu palisadegrass pastures with variable initial heights. Arquivo Brasileiro
de Medicina Veterindria e Zootecnia. 2019, 71(5), 1727-1734. https://doi.org/10.1590/1678-4162-10750

SANTOS, P.M., CORSI, M. and PEDREIRA, C.G.S. Tiller cohort development and disgestibility in Tanzania guinea grass (Panicum maximum cv
Tanzania) under three levels of grazing intensity. Tropical Grasslands. 2006, 40, 84-93.

SBRISSIA, AF., et al. Tillering dynamics in palisadegrass swards continuously stocked by cattle. Plant Ecology. 2010, 206(2), 349-359.
https://doi.org/10.1007/s11258-009-9647-7

SILVA, C.S., et al. Steer performance on deferred pastures of Brachiaria brizantha and Brachiaria decumbens. Ciéncia Rural. 2016, 46(11), 1998-
2004. https://doi.org/10.1590/0103-8478¢cr20151525

SILVEIRA, M.C.T., et al. Forage sward structure of Mulato grass (Brachiaria hybrid ssp.) subjected to rotational stocking strategies. Australian
Journal of Crop Science (Online). 2016, 10(6), 864-873. https://doi.org/10.21475/ajcs.2016.10.06.p7568

SOUSA, D.O.C,, et al. Sheep production during the rainy season in marandu palisadegrass swards previously utilized under deferred grazing.
Arquivo Brasileiro de Medicina Veterinaria e Zootecnia. 2018, 70, 1-8. https://doi.org/10.1590/1678-4162-9414

SOUZA, D.O.C,, et al. A rogada do capim-marandu alto no fim do inverno melhora a estrutura do pasto no inicio do verdo. Enciclopédia
Biosfera. 2015, 11(21), 12-22.

TAIZ, L. and ZEIGER, E. Fisiologia vegetal. Porto Alegre: Artmed, 2013.

TRINDADE, J.K., et al. Composi¢ao morfoldgica da forragem consumida por bovinos de corte durante o rebaixamento do capim-marandu
submetido a estratégias de pastejo rotativo. Pesquisa Agropecudria Brasileira. 2007, 42(6), 883-890. https://doi.org/10.1590/S0100-
204X2007000600016

VALLE, C.B., et al., 2010. Género Brachiaria. In: FONSECA, D.M. and MARTUSCELLO, J.A. (Eds.). Plantas Forrageiras. Vigosa: Editora UFV, pp. 30-
77.

Received: 24 April 2020 | Accepted: 2 March 2021 | Published: 31 March 2022

@ This is an Open Access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use,
= distribution, and reproduction in any medium, provided the original work is properly cited.

Bioscience Journal | 2022 | vol. 38, e38023 | https://doi.org/10.14393/BJ-v38n0a2022-54109



https://doi.org/10.1127/0941-2948/2013/0507
https://doi.org/10.5433/1679-0359.2015v36n5p3303
http://lattes.cnpq.br/1988603179443058
https://doi.org/10.1590/S0103-90162009000600003
https://doi.org/10.1079/9780851994529.0127
https://doi.org/10.1590/S0103-90162011000600003
https://doi.org/10.1071/CP16333
https://doi.org/10.4025/actascianimsci.v36i1.20463
https://doi.org/10.1590/1678-4162-10750
https://doi.org/10.1007/s11258-009-9647-7
https://doi.org/10.1590/0103-8478cr20151525
https://doi.org/10.21475/ajcs.2016.10.06.p7568
https://doi.org/10.1590/1678-4162-9414
https://doi.org/10.1590/S0100-204X2007000600016
https://doi.org/10.1590/S0100-204X2007000600016

