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ABSTRACT

Obijective: We evaluate the effects of phosphate fertilization on the leaf blade productivity of unburned Brachiaria
brizantha, cv. Marandu, as well its chemical-bromatological composition compared to the pasture burning in the
southwestern Amazon.

Theoretical Framework: Brazilian Amazon has one of the highest proportion of planted pastures in Brazil and
the Brachiaria brizantha is the most used species. The burning is an important factor that lead to the gradual
degradation of pastures. These circumstances generate pastures with low capability of providing feed for cattle
farming. The improvement caused by burnings occurs only in short periods after burning. Some alternative sources
with a low content of soluble P, in turn, increases biomass productivity and the nutritional value of cultivated
species.

Method: A field experiment was carried out in a completely randomized blocks design. The treatments consisted
of unburned pasture treated with 0, 25, 100 and 200 kg ha™* of P compared to the pasture burning. After applying
the treatments, the pasture was desiccated in order to homogenize the plant emergence and growth after the period
without rain from July to September.

Results and Discussion: The dose of 100 kg ha™ of P for unburned pasture promoted better productivity and
mineral nutrient concentrations, and leaf quality for animal consumption was improved. Values of acid detergent
fiber, neutral detergent fiber, lignin and crude protein indicate an adequate bromatological composition of leaf for
animal consumption at 56 days of growth.

Research Implications: The practical and theoretical implications of this research are discussed, providing
insights into how the results can be applied or influence practices in the field of pasture management without fire
using. These implications could encompass on how to apply and how much of an alternative phosphate must be
applied to the soil to supply phosphorus for B. brizantha instead of using fire in the pasture management.

Originality/Value: This study contributes to the literature by highlighting the superiority of phosphorus
application from alternative source allied to N and K fertilization compared to the pasture burning practice in the
Southwestern Amazon. This innovative approach can be used as a base for new researches and applied in the level
of cattle farmers.
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FERTILIZAGCAO FOSFATADA AUMENTA A PRODUTIVIDADE E CQMPOSICAO QUIMICO-
BROMATOLOGICA DE LIMBO FOLIAR DE PASTAGEM NAO QUEIMADA

RESUMO

Obijetivo: Avaliamos os efeitos da fertilizacdo fosfatada sobre a produtividade de limbo foliar de Brachiaria
brizantha, cv. Marandu, ndo queimada bem como sua composi¢do quimico-bromatolégica comparada com a
gueima da pastagem no sudoeste da Amazodnia.

Referencial Tedrico: Brachiaria brizantha é a principal espécie de pasto cultivado no Brasil. O pastejo excesivo
e la falta de reposicao de nutrientes, além das queimadas periodicas sdo desencadeantes da baixa qualidade destes
pastos desde os anos 70 na Amaz0nia brasileria. Estas circunstancias geram pastagens com baixa capacidade de
prover alimento nas fazendas de gado. A melhoria causada pelas queimadas ocorre somente em curto periodo de
tempo ap6s a queimada. Algumas fontes alternativas com baixo conteldo de P, por sua vez, aumentam a
produtividade de biomassa e o valor nutricional das pastagens cultivadas.

Método: Um experimento de campo foi realizado em blocos casualizados. Os tratamentos consistiram de pastagem
ndo queimada tratada com 0, 25, 100 and 200 kg ha* of P comparada com a queima da pastagem. Apoés aplicagdo
dos tratamentos, a pastagem foi dissecada de modo a homogneizar a emergéncia e crescimento ap6s o periodo sem
chuva de Julho a Setembro.

Resultados e Discussdo: A dose de 100 kg ha' de P para pastagem ndo queimada promoveu melhor produtividade
e composi¢cdo mineral, e a qualidade da folha para consumo animal foi melhorada. Valores de fibra detergente
&cida, fibra detergente neutra, lignina e proteina bruta indicaram uma adequada composi¢do bromatolégica da
folha para consumo animal aos 56 dias de crescimento.

ImplicacBes da Pesquisa: As implicagdes préaticas e tedricas desta pesquisa sao discutidas, provendo percepgdes
sobre como os resultados podem ser aplicados ou influenciar as praticas no campo do manejo de pastagens sem
uso do fogo. Estas implicacbes poderiam abranger como aplicar e quanto do fosfato alternativo deve ser aplicado
ao solo para suprir fosforo para B. brizantha ao invés de usar o fogo no manejo da pastagem.

Originalidade/Valor: Este estudo contribui com a literatura por destacar a superioridade da aplicacdo de P de
fonte alternativa aliado com fertilizacdo com N e K comparadas com a préatica da queima da pastagem no Sudoeste
da Amazbnia. Esta abordagem inovativa pode ser usada como base para novas pesquisas e aplicada em nivel de
fazendas de gado.

Palavras-chave: Massa seca, Fogo, Pecuéria, Supressao, Sustentabilidade.

FERTILIZACAO FOSFATADA AUMENTA A PRODUTIVIDADE E CQMPOSIC}AO QUIMICO-
BROMATOLOGICA DE LIMBO FOLIAR DE PASTAGEM NAO QUEIMADA

RESUMEN

Objetivo: En este trabajo evaluamos los efectos de la fertilizacion fosfatada sobre la productividad de hojas no
quemadas de Brachiaria brizantha asi como su composicion quimica y bromatol6gica en comparacion con la
quema de pastos en el suroeste de la Amazonia brasilefia.

Marco Tedrico: Brachiaria brizantha é a principal espécie de graminea cultivada no Brasil. O pastoreio excessivo
e a falta de reposicéo de nutrientes, além das queimadas periddicas, tém sido os gatilhos para a qualidade dessas
pastagens desde a década de 70 na Amaz6nia. Estas circunstancias levaram a que as pastagens tivessem uma baixa
capacidade de fornecer alimentos as explorages pecudrias. A doenca causada pela pele queimada s6 aparece logo
apos a queimadura. Algumas fontes alternativas com baixo teor de P, por sua vez, aumentam a produtividade da
biomassa e o valor nutricional das gramineas cultivadas. Brachiaria brizantha es la principal especie de pasto
cultivada en Brasil. El pastoreo excesivo y la falta de reposicién de nutrientes, ademas de los incendios periédicos,
han sido los detonantes de la calidad de estos pastos desde los afios 1970 en la Amazonia. Estas circunstancias
provocaron que los pastos tuvieran una baja capacidad para proporcionar alimento a las explotaciones ganaderas.
La enfermedad causada por la piel quemada sélo aparece poco después de la quemadura. Algunas fuentes
alternativas con bajo contenido de P, a su vez, aumentan la productividad de la biomasa y el valor nutricional de
los pastos cultivados.
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Meétodo: Se realizé un experimento de campo en bloques al azar. Los tratamientos consistiran en pasto no quemado
tratado con 0, 25, 100 y 200 kg ha de P con relacion al pasto. Luego de aplicar dos tratamientos, la pasta fue
disecada para homogeneizarla de modo que emergiera y creciera después del periodo seco de julio a septiembre.

Resultados y Discusion: La dosis de 100 kg ha™* de P para pasto no quemado promovié mejor productividad y
composicién mineral, y mejor calidad del alimento para consumo animal. Los valores de fibra detergente acida,
fibra detergente neutra, lignina y proteina cruda indican una composicién alimentaria adecuada para el consumo
animal después de 56 dias de crecimiento.

Implicaciones de la Investigacion: No se discuten las implicaciones practicas y tedricas de esta investigacion, lo
que proporciona informacion sobre como los resultados pueden aplicarse o influir en las practicas en el campo del
manejo de pastizales libres de incendios. Estas implicaciones pueden variar en la forma de aplicacién y la cantidad
de fosfato alternativo que debe aplicarse solo para suprimir el foésforo para B. brizantha, en lugar de usarse sin
manejo de pastos.

Originalidad/Valor: Este estudio contribuye a la literatura al resaltar la superioridad de la aplicacién de P de
fuentes alternativas combinado con fertilizacién con N y K en comparacion con la practica de quema de pasto en
el suroeste de la Amazonia. Este enfoque innovador puede utilizarse como base para futuras investigaciones y
aplicarse a nivel agricola.

Palabras clave: Pastas secas, Fuego, Ganado, Supresion, Sostenibilidad.

RGSA adota a Licenca de Atribuicio CC BY do Creative Commons (https://creativecommons.org/licenses/by/4.0/).

1 INTRODUCTION

The area for cattle breeding in brazilian Amazon has one of the highest proportion of
planted pastures in Brazil (Baggio et al., 2021). The Brachiaria brizantha is the most used
species in pasture-based systems (Silva et al., 2016b). Nevertheless, cattle overgrazing and the
lack of soil nutrient reposition, besides the high release and loss of nitrogen (N), phosphorus
(P) and potasium (K) to the soil and forms of carbon (C) and N to the atmosphere (Rumpel et
al., 2015; Dias-Filho, 2014b; Luiz&o et al., 2013) caused by burning are factors that lead to the
gradual degradation of pastures, like in the soutwestern Amazon.

These circumstances generate pastures with low capability of providing feed (leaves)
for cattle farming (Pequeno et al., 2015). Cardoso et al. (2003) confirmed that when verified
just a slight superiority on the nutritional value of dry mass of Andropogon bicornis grass
burned only in the first months after the fire application. This finding is attributed to the ashes
produced by the fire, which provide available forms of nutrients for freshly sprouting plants
(Lépez-Marsico et al., 2019). However, there is evidence that even the improvement caused by
burnings on soil attributes and nutrient availabilities occurs only in short periods after burning
(Dick et al., 2008). Girona-Garcia et al. (2018) studied subalpine vegetation that includes

grasses. In twelve months ofter burning, they detected a decrease on topsoil nutrient availability.
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Despite that, the line of thinking that still persists around the world is that burning stimulates
the regrowth of grasses with high nutritional value for grazing animals (\Van Der Werf et al.,
2008).

On the other hand, cattle breeders in the southwestern Amazon region resort to this
practice because they do not have governmental incentives to change the way they have done
pasture biomass production for cattle feed. They are limited by the common lack of credit to
the adoption of technical knowledge (Aryal et al., 2020) to recover soil fertility and biomass
productivity. That situation leads to the continuous use of fire as a strategy for managing B.
brizantha that shows to be unproductive and with a low long-term nutritional value.

In turn, the low soil P availability limits pasture production on the nutrient-poor soils of
the southwestern Amazon (Campos et al., 2012). In that region, the phosphate fertilization and
burning supression, as observed by other authors, can increase P availability and the biomass
productivity of different planted pastures (Aryal et al., 2020; Souza et al., 2020; Farias et al.,
2016; Marahata et al., 2014).

There is a lack of information about biomass productivity and chemical-bromatological
quality of leaf blade on not burned pasture under the effects of phosphate fertilization compared
to the periodical burning on the Amazon livestock agroecosystems. Considering these
information, we evaluate the effects of phosphate fertilization with burning supression on the
leaf blade productivity of Brachiaria brizantha (Hochst ex A. Rich.) Stapf. cv. Marandu as well
its chemical-bromatological composition compared to pasture burning in the southwestern

Amazon.

2 THEORETICAL FRAMEWORK

Relative similar studies to this one on P for pasture fertilization have been carried out
with different sources of the nutrient, whether or not in a soluble form, whether or not at the
same time, to N sources in order to evaluate the production, chemical composition and
nutritional value of Brachiaria spp (leiri et al., 2010; Magalh&es et al., 2007; Machado; Valle,
2011). Heringer; Jackes (2002c) found higher dry mass yields and CP contents on areas where
the soil was corrected and fertilized compared to the burning. These authors observed that the
P, K, Ca and Mg contents were higher in the dry mass on the area that received fertilization
and, additionally, the burning reduced the amount of nutrients in the pasture. Porto et al. (2012)
applied increasing doses of soluble P for Brachiaria brizantha cv. Marandu and observed 24%

higher dry matter production on leaves at the dose of 147 kg ha* of P,Os compared to the
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absence of fertilization. According to Machado et al. (2011), the increase of the P dose increases
the nutrient content on pasture leaf tissue.

In this sense, some alternative P sources with a low content of soluble P, like partially
acidulated phosphate rocks, bring other nutrients in their composition, such as calcium (Ca),
magnesium (Mg) and sulfur (S). That fact is important because S and Mg has its own
availability improved together with P availability that, in turn, increases biomass productivity
(Hopkins; Hansen, 2019) and, possibly, the nutritional value of cultivated species. According
to Silva; Lobo (2024), the application of 100 kg ha™* of phosphorus from alternative phosphate
rock and nitrogen and potassium fertilization increase topsoil availability and absorption and
accumulation of P, Mg and S by B. brizantha. Their results indicate, aditionally, that even the
absence of P application with nitrogen and potassium fertilization shows to be superior to the
burning, becoming this practice unnecessary to the pasture management.

Pastures have been seen as a potential reducer of greenhouse gases (GHG) emissions by
the inputs on soil surface biomass, providing animal products for human consumption and
increasing the sustainability of livestock farming (Mottet et al., 2017; Vetter et al., 2017; IPCC,
2014; Gerber et al., 2013a, b). Inputs on the biomass productivity mean pasture restoration and
available feed for cattle farming (Lal, 2011; Conant, 2010). In this sense, well-fertilized
pastures provide important environmental services to the ecosystems (Sollenberger et al., 2019)
by supressing the burnings, being considered a strategy for mitigating climate change (Lal,
2011; Conant, 2010).

3 METHODOLOGY

B. brizantha not burned and fertilized with four doses of P was compared to simple
pasture burning in the field conditions. The experiment was performed from September to
November 2015 at the Vanazzi Cattle Farm, BR 319, km 12, on a transition between the
Amazon forest and natural fields in Humaita (7° 35' S and 63° 6' W, 90 m a.s.l.), southwestern
Amazon. The climate of the region is Af accordingo to Kdppen climate classification, and
present a rainy season from September to July, mean air temperature of 26.5 °C. The total
annual rainfall is 2500 mm and the relative humidity ranges from 85% to 90%.

The experimental area measured 25.0 m x 45.0 m of an acidic Oxisol (Alic Cambisol)
(Santos et al., 2018) homogeneously covered by Brachiaria brizantha (Hochst ex A. Rich.)
Stapf. cv. Marandu, at stage 11 of degradation according to Dias-Filho (2011b). The pasture was

not burned or grazed from September 2014 to September 2015. A manual extraction of weeds
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in September 2014 made that practice unnecessary in 2015, since the rapid pasture growth
covered the soil and suppressed 100% of these plants.

For the establishment of blocks and plots on the experimental area, a homogeneous
cutting process with garden shears levelled the pasture at a 0.20 m height at 07/23/2015, in
order to simulate the traditional Amazon grazing of a hundred percent of the pasture leaf area.
At 09/12/2015, the blocks were established at a subarea on the experimental area. The plots
measured 4.50 m in length by 3.50 m (15.75 m?) and 0.80 m in the borders (Cayley; Bird, 1996).
Plot delimitation was carried out with nylon threads fixed to the end of iron bars vertically fixed
to the ground. On 09/13/2015, a representative 0.60 kg soil sample (20 simple samples) was
collected from the area at 0.0-0.05 m depth (topsoil layer) with the aid of a dutch auger (TF10-
Sonda Terra, Piracicaba, Brazil). A 0.40 kg subsample was air-dried and broken and passed
through a 2.0 mm sieve for the chemical and physical analysis, prior the experiment.

The topsoil presented (Silva, 2009): pH (water) = 5.00, AI** = 1.02 cmolc dm=, H+Al =
5.00 cmolc dm3, Ca?* = 2.01 cmole dm™, Mg?* = 1.50 cmole dm™, K* = 0.09 cmol. dm=3, CEC
= 8.33 cmolc dm3, SB = 4.50 cmolc dm3, P (Mehlich-1) = 3.0 mg dm, V = 42%, m = 8.75%,
SOC =11.36 g kg!, Cu?" = 4.25 mg dm™3, Fe = 297.59 mg dm™3, Mn?* = 8.02 mg dm™, Zn =
2.29 mg dm3. A 0.20 kg topsoil subsample was analysed for: B (hot water) = 0.08 mg dm,
and SO4* = 9.0 mg dm™ (Raij et al. 2001). The topsoil presented: sand = 349.7, silt = 452.15
and clay = 181.87 g kg™* (EMBRAPA, 1997).

The following treatments were applied: Pnb = B. brizantha not burned; Pnb+25 = Pnb
+ 25.0 kg hat of P; Pnb+100 = Pnb + 100.0 kg ha* of P; Pnb+200 = Pnb + 200.0 kg ha* of P
for comparison to the pasture burned, represented by Pb = burning of B. brizantha, with 4
replicates. A partially acidulated phosphate rock (PPR) was used as the P source and its
chemical and granulometric characteristics (Brasil, 2014) are provided in the Table 1.

The P doses were applied at 09/14/2015, after a rainfall higher than 2.0 mm (Figure 1)
by manual and homogeneous distribution of 0.0, 0.22, 0.88 and 1.76 kg plot™* of PPR, dry mass,
to the soil surface of the plots for supplying, respectively, the Pnb, Pnb+25, Pnb+100 and
Pnb+200. The Pb was applied after removal of the nylon threads that delimited the plots, and
after the firebreaks establishement around the area reserved for each plot of this treatment.
Firstly, the fire was set in the center of each plot area and controlled with water spray in the
boundaries. Then, the plots were delimited again with the nylon thread relocation on to the end

of the vertically fixed iron bars.
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Table 1

Chemical characteristics and granulometry of the partially acidulated phosphate rock®.

Total phosphorus content
Phosphoru P20s P,0s ; ; ; 6
s source TP2 ;I'ons (CNA+H,0  (H0) Granulometric fraction retention (mm)
)4 5
4 0.07 010 025 0.50 1.0 2.0 4.0
g kg c)
gkg*
118.0 270.0 76.30 28.30 | 64.0 150.7 236.8 300.3 406 0.0 0.00
A 0 0 0 0 0 0 0
PPR - - -
Other macronutrients Micronutrient
Ca Mg S B Cu Fe Mn Zn Mo
gkg* mg kgt
141.60 8.60 41.35 | 0.04 0.09 62.90 5.90 8'2 ;O'O

partially acidulated phosphate rock Alvorada (SOCAL, Registro, SP), 2TP: total phosphorus content, 3TP,0s:
total P,Os content, *P,0s (CNA+H,0): total P,Os content in neutral ammonium citrate + water, 5P,0s H,O: P,0s
water soluble, 6207.4 g kg of PPR passed in the 0,075 mm sieve.

The homogenization of plant emergence and physiological development of B. brizantha

was performed at 09/18/2015 in all experimental plots. This procedure consisted of the

desiccation of newly emerged tillers by pulverizing 200 L ha* of gramoxone 200 syrup.

Figure 1
Level of precipitation during the experimental period

LI K]

Precipitation

The macronutrient cycles are closely associated in pastures (Soussana; Lemaire, 2014).
Therefore, at 09/19/2015, a homogeneous dose equivalent to 120.0 kg ha™ of N (as urea) plus
29.1 kg ha! of K (as KCI) was manually and homogeneously distributed on the soil surface of
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the plots of the treatments Pnb, Pnb+25, Pnb+100 and Pnb+200, after a rain higher than 5.00
mm (Figure 1). The fertilizations with N and K effectively began the experimental period.

At 10/01/2015, the topsoil layer of the Pb plots areas was sampled with the aid of a
dutch auger (TF10-Sonda Terra, Piracicaba, Brazil) for the chemical analysis accordingo to
Silva (2009): pH (water) = 6.60, AI** = 0.0 cmolc dm™, H+Al = 1.80 cmol, dm, Ca®* = 5.55
cmole dm=3, Mg?* = 4.14 cmolc dm3, K* = 0.14 cmol dm™, CEC = 11.75 cmolc dm, SB = 9.83
cmolc dm3, P (Mehlich-1) = 6.0 mg dm, V = 84%, m = 0.0%, SOC = 8.52 g kg%, Cu** =3.13
mg dm3, Fe?* = 1039.95 mg dm3, Mn?* = 77.45 mg dm, Zn?* = 4.0 mg dm. The topsoil
boron (B) and sulphate availabilities were, respectively, 0.10 mg dm (SO4%) and 12.0 mg dm
3 according to Raij et al. (2001).

The data of pasture leaf blade dry mass productivity (LDM) were collected on a useful
sampling area of 3.50 m by 3.0 m (10.50 m?) delimited within each plot. At 56 days after
beggining the experimental period, at 11/14/2015, all the plants inside a jig of 1.20 m?were cut
close to the ground with garden shears, packed and identified. The leaf blade biomass was
separated from the rest of the plant by cutting with manual cutting shears and a triple wash was
carried out with potable water before double washes on HCI solution (0.5%) and distilled water.

On 11/16/2015, the leaf blade biomass was repacked on identified 0.18 m x 0.36 m
newsprint bags and dried at a forced circulation oven (Tecnal TE-394/5-MP, Piracicaba, Brazil)
at 67 °C for 72 hours. The LDM dry mass productivity was obtained by weighing on a precision
scale (Tecnal, SHI-BL-3200H, Piracicaba, Brazil) whose values, g jig?, were converted to t ha-
1in an Excel worksheet.

Twenty five percent of the leaf blade dry mass were separated for the chemical analysis
of N, P, K, Ca, Mg, S (g kg}), B, Cu, Fe, Mn and Zn (mg kg™) according to Silva (2009).
Another 25% of the LDM were kept properly packaged on a triple plastic bag and refrigerated
until entering the Laboratory of Animal Nutrition of Universidade Federal do Parand, Curitiba,
Brazil, where the samples were ground for the analysis of crude protein (CP), neutral detergent
fiber (NDF), acid detergent fiber (ADF) and lignin (LIGN), according the methodologies of the
AOAC (1990).

Experimental data of leaf blade dry mass productivity and chemical-bromatological
composition of the leaf blade of B. brizantha were subjected to Cochran’s homocedasticity test
(p=>0.05). The significance of means was identified with the F-test (p<0.05) in the MStatC
Software (Michigan State University, USA), in accordance with a randomized block
experimental design. The means comparison was carried out with Tukey’s test (p<0.05) in the

same software. Pearson’s linear correlation among the data of leaf blade productivity and
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chemical-bromatological composition were calculated in an Excel Worksheet using the t-test

(p = 0.05) for the hypothesis testing on a non-zero correlation.

4 RESULTS

Analysis of variance indicated significant difference among the treatments (P<0.05).
Doses of 100 and 200 kg ha* of P lead to the highest LDM of the pasture (Table 2). The first
one was about 66.32% higher than that observed for Pb, with over 2.60 Mg ha™* no longer
immediately available for animal consumption at 56 days of pasture growth. Nevertheless, one
must consider that even Pnb (0 kg ha* P) produced an LDM around 28.64% higher than Pb.

Table 2
Means of leaf dry mass productivity, mean of phosphorus, magnesium, sulfur, manganese, iron

in the leaf of B. Brizantha

Leaf dry mass productivity and phosphorus, magnesium, sulfur, manganese, iron

Treatment LDM P Mg S Mn Fe

Mg ha'! gkgt--meeee mg kgt------
Pnb 1.85b 1.60c 4.11 be 0.617c 77.6 bc 52.63 ¢
Pnb+25 2.01b 1.85bc 4.47 abc 0.630c 67.98 c 52.30 ¢
Pnb+100 3.92a 1.93b 5.13a 0.932a 87.45 ab 61.25b
Pnb+200 3.82a 2.32a 4.96 ab 0.830ab 87.79 ab 48.92c
Pb 1.32¢ 2.14 ab 3.95¢c 0.750 bc 98.83 a 193.58 a
LSD 0,285 0.318 0.959 0.236 0.0071 6,19
M Sgesidue 0.016™" 0.02" 0.018™" 0.011™ 44,287 7.537"
CV (%) 4.78 7.17 9.40 13.92 7,93 3.36
C 0.513 0.548 0.285 0.590 0.385 0.455

Values followed by different letters within the same column are significantly different at p < 0.05 by the Tukey’s
multiple range test. MSgesique: mean square residue. CV (%): coefficient of variation. C: Cochran’s statistic.
LSD: less significant difference of the Tukey’s test. *: significant at 0.05 probability level, **: significant at 0.01
probability level, ***: significant at lesser than 0.01 probability level, NS: not significant.

The foliar concentration of P observed for the dose of 200 kg ha™* of P (Pnb+200) was
statistically superior to the values provided by 100 kg ha™ of P (Pnb+100) and Pb practice,
which did not differ from each other (Table 2). The highest concentrations of Mg and S were
verified for 100 kg ha of P while the highest P dose provided superior Mn values that were
nonetheless statistically similar to the Pb practice. In the case of Fe, the micronutrient appears
in a very high and statistically superior concentration in the Pb treatment.

As expected on short-term assessments, the content of CP in this study was not altered
by the treatments (FNS, p<0.05). The global mean of CP in the leaf of B. brizantha at 56 days
was 8.23%. Higher percentage of ADF, NDF and Lignin was observed for treatments in which
the pasture was not burned, with or without P application (Table 3).
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Table 3
Means of acid detergent fiber (ADF), neutral detergent fiber (NDF) and lignine in the leaf of
B. Brizantha.

Acid detergent fiber, neutral detergent fiber and lignine

Treatment ADF NDF Lignine
%

Pnb 32.07a 69.23 a 2.33a
Pnb+25 31.90a 68.69 a 2.13b
Pnb+100 31.17a 67.63a 237a
Pnb+200 31.43a 68.27 a 241a
Pb 28.45b 64.30 b 1.92¢
LSD 1.483 2.70 0.504
MSgesigue ~ 0.433™" 1434™ 0.030™
CV (%) 2.12 1.77 3.24

C 0.415 0.560 0.431

Values followed by different letters within the same column are significantly different at p < 0.05 by the Tukey’s
multiple range test. MSgesigque: mean square residue. CV (%): coefficient of variation. C: Cochran’s statistic.
LSD: less significant difference of the Tukey’s test. *: significant at 0.05 probability level, **: significant at 0.01
probability level, ***: significant at lesser than 0.01 probability level, NS: not significant.

In the Figure 2, one may observe that there were moderate and positive correlations
between LDM and Fo-Mg and LDM with Fo-S, and a low and negative correlation between
LDM and Fo-Fe. Fo-P presented low correlations with the structural carbohydrate
concentrations of NDF and ADF besides Fo-Mn and Fo-S. Fo-Mg was low correlated to Lignin,
Fo-Fe and Fo-S, which presented just a low correlation with the Lignin concentration. Fo-Mn
was moderately and negatively correlated to NDF and ADF, and moderately and positively
correlated with Fo-Fe. Fo-Fe, in turn, was highly and negatively correlated with the structural
carbohydrates NDF and ADF and moderately and negatively correlated with Lignin. NDF

sulfur and a low correlation with the lignin and sulfur.
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Figure 2
Pearson’s linear correlation coefficients between leaf productivity and chemical-

bromatological composition variables of B. Brizantha.

LDM -] 072" | 0285 | 93495 | 054" | -4 | 070" | 068™" | 3555
Fo-P -| o5 | 040" | -0.42° | 02995 | 0.53° | 041° | 070
Fo-Mg -| 0.58% | 024 | Q30" | 044" | 0085 | 051°

Ep- 041" | -00e® | 0ors | 000 | osats
Fo:Mp -| 018%% | 068" | -0.61* | 063"
Eo-Fe - RIS 0.8 :
DF =| Q0%+ 0 15HE
NDF -| D49

Ligmin, NDF ADF  Fo-Fe Fo-Mn Fo-5 Fo-Mg Fo-P

NS non-significant; * significant (p = 0.05);** significanf (p: 001) ---------
*** significant (p = 0.001).

5 DISCUSSION

According to Mwendia et al. (2022), the productivity and quality of tropical pastures
are among the basis for evaluating the capacity for feeding animals on cattle farming systems.
In the present work, the statistically superior behaviour of LBM productivity observed for 100
kg hal of P (Pnb+100) validates this level of P fertilization as a possibility to increase the feed
availability to animals in 56 days of pasture growth. Several authors observed an increase of
biomass production, including leaf biomass, when P and other nutrient management is adopted
in similar conditions (Aryal et al., 2020; Souza et al., 2020; Farias et al., 2016; Marahata et al.,
2014). Results reported by Porto et al. (2012) also agree with the present results. These authors
verified 24% higher dry mass production on leaves of B. brizantha cv. Marandu with the dose
of 147 kg ha® of P,Os. These findings represent more available feed for the cattle compared to
the burning treatment. Furthermore, this may constitute an encouragement for cattle breeders
to adopt them as a technology for B. brizantha management and contribute to avoid the
intensification of the negative environmental impacts reported by Rumpel et al. (2015) and
Luizdo et al. (2013) in the brazilian Amazon livestock systems.

Furthermore, the LDM productivity levels observed for 0 and 25 kg ha® of P lead to the
statement that a mere suppression of the pasture burning, along with an agronomic dose of N
and K, are an adequate management for better leaf availability compared to the use of fire.

Other authors also observed results that agree with the present results under different
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experimental conditions (Dias et al., 2015; leiri et al., 2010), including one whose methodology
and results (Heringer; Jackes, 2002c) are very similar to the verifications made with this work.
Regarding the economical concern, the use of Pnb+100 of P applied together with agronomic
doses of N and K reduces the cost of production in relation to the dose of 200 kg ha of P. This
is a fact simply because the similar LDM value observed for this treatmanet (Table 2) was
obtained with twice the fertilizer material.

The results under discussion still showed that both P and S were within the sufficiency
range for the normal growth of Brachiaria spp (Brasil et al., 2020). The Mg concentration was
above the species requirements according to the same authors. These facts are related to the
presence of these nutrients on the composition of the PPR used as P source (Table 1). Therefore,
an increase on the P dose from the PPR increases, concomitantly, the dose of these nutrients
present on it. Similarly, Machado et al. (2011) also reported an increase of P concentration in
leaf tissue of the studied pasture when increasing doses of soluble P were applied. It is also
important to clarify that the nutrient P is important not only for plant growth, but also for the
effctive development of rumen microbes in ruminants (Satter et al., 2005), among other
functions in animal metabolism.

In relation to Mn and Fe, the values observed with the dose of 100 kg ha* of P are in
accordance with the normal values verified for Brachiaria spp. Leaf tissue (Brasil et al., 2020)
that vegetates on a normal growth condition. The adequacy to the pattern of requirements for
Brachiaria spp. promoted by P fertilization is in contrast with the very high value of Fe
concentration provided for the Pb treatment. The high quantity of this micronutrient on the
burned pasture leaf may constitute a problem for high grazing quantities by the animals since
the chemical composition of the pasture must be coupled with an adequate quantity of pasture
biomass production (Brancio et al., 1997).

According to Brasil et al. (2020), the global means of N (adequate), K (adequate), Ca
(inadequate) concentrations on the leaf tissue of Brachiaria spp., respectively, of 12.2, 17.2,
2.38 g kg* did not limit pasture growth and leaf productivity at the 56-day mark. The global
concentrations of B, Cu and Zn were, respectively, 4.44, 3.52 and 12.5 mg kg* (FNS, p<0.05)
and are below the pasture requirements according to the same reference. So, it is possible to
affirm, for a short-term evaluation in discussion, that pasture fertilization with 100 kg ha* of P
improves the chemical composition for important nutrients that occur in low availability in
acidic soils (Campos et al., 2012) under livestock systems in the southwestern Amazon.

It is pertinent at this time to point out that, for many authors, the critical values for

pasture growth may be different from the animal requirements for mineral elements. It is also
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clear that for P, Ca, Mg and most of the micronutrients, the cattle requirements exceed the plant
requirements, with the exception of K. Anyway, the difference between nutrient availability in
leaf tissue and animal needs is balanced by the adequate amount of LDM made available by the
dose 100 kg ha* of P. These findings are thus very important, since one can state that the foliar
nutrient concentrations observed in this work were not limitant factors neither for pasture
growth nor for their use on animal feed at 56 days of pasture growth.

All the doses of P without pasture burning presented statistically superior values of ADF
compared to Pb (Table 2). In turn, all the treatments without burning, with or without P
application, promoted statistically superior values of NDF contents, which showed to be ever
higher than 65%. A similar behaviour was observed for lignin, with statistically superior values
for treatments with P application compared to the Pb treatment.

The results exposed in Table 2 indicate a more soluble and digestable celular content
for animal consumption. Nevertheless, all values were framed slightly below the appropriate
values for proper digestibility and consumption by ruminants, as reported by Van Soest (1994).
The NDF values above 65% indicate a contribution to the reduction of the nutritional value of
the leaf lamina of the pasture. Similar behaviour was verified for the lignin content in the leaf
blade (Table 2), with values shown to be statistically superior in the treatments without burning,
with or without P aplication. According to Jung et al. (1993) the process of lignification in plant
cell walls has been considered an impediment to forage digestibility. Accordingo to Echeverria
et al. (2016), the fact may be attributed to a reduced production of new leaves and the
senescence of the old leaves in the start of the rainy season in the Amazon. That fact
concomitantly causes a reduction of the cell contents and an increase of carbohydrates and
lignin contents, decreasing the nutritional value of the pasture leaf.

The ADF contents in the leaf of B. brizantha observed in this study are next to a limiting
range of consumption and the NDF contents are below it, including in the Pb treatment. These
observations indicate that these contents are more related to physiological and structural
characteristics of B. brizantha cv. ‘Marandu’ than to the supply of P or N and K fertilizations.

In relation to CP, the global mean observed of 8.23% is a desirable value for ruminant
feed (for example) since a CP percentage below 7% leads to a lower forage digestion (Van
Soest, 1994). According to Detmann et al. (2014), values of digestibility of B. brizantha cv.
‘Marandu’ are generally adequate as an animal feed. The values described here are not limiting
to feed animals like ruminants (Van Soest, 1994) even within a short observation timeframe (56
days). On the other hand, Fischer et al. (1996) concluded that small increments on the

nutritional value of pastures produced under the effects of fires occur occasionally. Other
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authors have observed improvements in the nutritional value, especially on the CP and
digestible biomass production on different but recently burned pastures (Boughton et al., 2022;
Scasta et al. 2016; McGranahan et al., 2014).

An extensive review indicates that the best alternative for eliminating pasture burning
is the use of pasture improvement with the introduction of adequate management that prioritizes
the maintenance of pasture sustainability (Zanini; Sbrissia, 2013). From a practical standpoint,
animals kept in areas of burned pastures compared to unburned areas showed no difference in
productive performance (Brancio et al., 1997).

The main relationships between LDM Productivity and chemical leaf composition
indicate joint behaviour that avoids the pasture productivity normally occurring by the 56th day
of growth. That fact is particularly confirmed by the adequate concentrations of P, Mg and S
(Brasil et al., 2020), which presented clear relationships among each other that influence the
pasture’s LDM productivity. The lignin concentration, in turn, increased on the leaf tissue as
far as the LDM productivity concomitantly also increased. That verification, coupled with the
high and negative associations among the structural carbohidrates and Fo-Fe likely denote the
influence of Fe absorption on lignin, ADF and NDF contents on the leaf of B. brizanta, but
without drastically reducing the leaf value as feed for grazing animals.

Despite that, pasture fertilization with 100.0 kg ha™* of P provided more leaves available
for animal consumption in relation to the burning application, and makes the agroecosystem

more sustainable on the agronomic, economic and environmental point of view.

6 CONCLUSION

The dose of 100 kg ha? of phosphorus from the partially acidulated phosphate rock
applied to unburned B. brizantha compared to the burnt version promoted: i) the highest leaf
blade dry mass productivity; ii) mineral nutrient concentrations not limitant to the pasture leaf
productivity or to the leaf quality for animal consumption, and; iii) values of acid detergent
fiber, neutral detergent fiber, lignin and crude protein means that indicate an adequate
bromatological composition, which means high animal consumption of the leaf blade of
Brachiaria brizantha cv. Marandu. We recognize the limitations of this work regarding the
short time of observations, and mainly because other variables of nutritional value should be

analysed for a more complete evaluation.
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