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Stoichiometric ratios in the soil of native and forage areas in a
seasonally dry tropical forest

Relagoées estequiométricas no solo de dreas nativas e forrageiras em floresta
tropical sazonalmente seca

Méonica da Silva Santana®'™, Vanderlise Giongo®2, Vanessa Coelho da Silva®?, Vanderson
Coelho da Silva®*, Alessandra Monteiro Salviano®?, Eunice Maia de Andrade®?®

Abstract: The availability of potassium (K), calcium (Ca) and magnesium (Mg) in the soil affects the nutrition
and productivity of the plant cover. The Ca:Mg, Ca:K and Mg:K stoichiometric ratios indicate the nutrient
load balance in the soil. However, limited attention has been paid to providing a scientific basis for how
changes in land use, especially the cultivation of forage, impacts the availability and reserves of base
cations in semi-arid regions, since, in these environments, fertiliser is not used. Therefore, the aim of this
study was to quantify the concentrations of soil K, Ca and Mg in areas of preserved Caatinga (PC), and
areas where buffel grass (BG) has been cultivated for 40 years and Leucaena grass (LE) for 11 years. Four
100 x 100 cm trenches were opened in each type of plant cover and collections were made in the 0-5,
5-10, 10-15 and 15-20 cm layers. The concentrations of K, Ca and Mg and their ratios were determined
and compared using the Mann-Whitney test. The soil under buffel grass showed higher concentrations of
K and Mg, and a lower concentration of Ca. Compared to PC, LE presented a lower Ca content in the 0-5
cm layer only. BG had the lowest values for the Ca:Mg and Ca:K stoichiometric ratios due to depletion of
the Ca. Despite being soluble and easily leached, K remained in the soil under each type of cover, favoured
by the semi-arid climate. Soil Ca, which is exported due to grazing of the produced biomass, should be
replaced so as not to compromise the support capacity of seasonally dry tropical environments through the
cultivation of forages.
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Resumo: A disponibilidade de potassio (K), célcio (Ca) e magnésio (Mg) no solo influencia na nutrigdo
e produtividade das coberturas vegetais. As relacdes estequiométricas Ca:Mg, Ca:K e Mg:K indicam o
equilibrio das cargas no solo. Entretanto, limitada atengcéo tem sido dispensada para prover as bases
cientificas de como a mudang¢a do uso da terra, principalmente com o cultivo de forrageiras, impacta a
disponibilidade e a reserva de cations basicos no Semiarido, visto que nestes ambientes a adubacéo
ndo é utilizada. Assim, objetivou-se quantificar as concentragdes de K, Ca e Mg do solo nas areas de
Caatinga preservada (CP) e cultivadas com capim buffel (CB) por 40 anos e leucena (LE) por 11 anos.
Em cada cobertura vegetal foram abertas quatro trincheiras, dimens&o de 100 x 100 cm, e as coletas
realizadas nas camadas: 0-5, 5-10, 10-15 e 15-20 cm. Concentra¢des de K, Ca e Mg e suas relagcbes
foram determinadas e comparadas pelo teste Mann-Whitney. O solo sob capim buffel apresentou
maiores concentracfes de K e Mg e menor de Ca. A LE apresentou apenas na camada 0-5 cm menor
teor de Ca que a CP. O CB apresentou os menores valores nas relagées estequiométricas Ca:Mg e
Ca:K devido a deplegao de Ca. O K, embora soluvel e facilmente lixiviado, permaneceu no solo em
todos os usos, favorecido pelo clima semiarido. Deve haver reposi¢cdo de Ca no solo exportado pelo
pastejo da biomassa produzida para nao comprometer a capacidade suporte de ambientes tropicais
sazonalmente secos, com o cultivo de forragens.

Palavras-chave: Calcio. Capacidade suporte. Fertilidade do solo. Magnésio. Potassio.
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INTRODUCTION

The removal of native vegetation together with
intensive land use promotes a reduction in the natural
fertility of the soil and the quality of the environment
(BRONICK; LAL, 2005; FREITAS et al., 2014).
When agricultural crops exceed the support capacity of
ecosystems, it becomes necessary to add external inputs
to ensure the desired productivity (MATIAS et al., 2015;
GOULD et al., 2016). Potassium (K), calcium (Ca) and
magnesium (Mg), together with sodium (Na), make up
the base cations in the soil (CHAGANTI; CULMAN,
2018). In plants, the nutrients K, Ca and Mg remain in
the form of ions in the solutions found in the cytosol and/
or vacuoles, or linked to carbon compounds in the cell
structure (SENBAYRAM et al., 2015; TANG; LUAN,
2017). A lack of these nutrients in the soil results in
poor plant nutrition and a low net primary production
in ecosystems.

Different plant species have specific macronutrient
requirements. Nutrient cycling in preserved environments
ensures the nutritional replacement of K, Ca and Mg
in the soil, which in turn makes them available to the
vegetation (GRANSEE; FUHRS, 2013; ROWLEY
et al., 2018). The stoichiometric ratios between base
cations (i.e. Ca:Mg, Ca:K and Mg:K) are essential for
understanding the balance of nutrient loads in the soil
that directly influence the productivity of the different
types of plant cover (SALVADOR et al., 2011).

Among the species grown for animal feed in the
semi-arid region of Brazil, the exotic species, buffel
grass (Cenchrus ciliaris L.) and leucaena (Leucena
leucocephala L.), have been used by producers. Cenchrus
ciliaris L. is a grass that originated in Africa and spread
quickly around the world during the early 20th century as
a drought-resistant plant and a source of protein for feed
(MARSHALL et al., 2012); while Leucena leucocephala
L. is native to Central America and employed in several
countries in agrosilvopastoral systems, where it results in
increases in animal productivity (ESCALANTE, 2019).

The nutrient concentration in the soil under
native vegetation represents a condition of dynamic
equilibrium in which addition and extraction rates are
equal (JOBBAGY; JACKSON, 2004). In environments
cultivated with forage species, the rate of extraction may
be higher than that of addition, represented by animals
grazing in areas of buffel grass and the cutting down
of leucaena to produce forage in agricultural systems
where no fertiliser is used. The result is the depletion of
soil nutrients over time. The support capacity and the
characteristics of extraction determine how long these
crops can be grown without the addition of nutrients
from an external source.

INTRODUCAO

A retirada da vegetagdo nativa aliada ao uso intensivo
do solo promove a diminui¢@o da sua fertilidade natural
e da qualidade do ambiente (BRONICK; LAL, 2005;
FREITAS et al., 2014). Quando os cultivos agricolas
excedem a capacidade suporte dos ecossistemas, ha a
necessidade de adigdo de insumos externos para garantir
a produtividade esperada (MATIAS et al., 2015; GOULD
et al., 2016). Potassio (K), calcio (Ca) e magnésio (Mg),
juntamente com o sodio (Na), formam os cations basicos
do solo (CHAGANTI; CULMAN, 2018). Nas plantas, os
nutrientes K, Ca e Mg permanecem na forma de ions nas
solugdes que se encontram no citosol e/ou vacuolos, ou
ligados a compostos de carbono estruturando as células
(SENBAYRAM et al., 2015; TANG; LUAN, 2017). A falta
desses nutrientes no solo acarreta a ma nutri¢ao das plantas
¢ a baixa producdo primaria liquida dos ecossistemas.

Diferentes espécies vegetais possuem necessidades
especificas dos macronutrientes. A ciclagem de
nutrientes em ambientes preservados garante a reposigao
nutricional de K, Ca e Mg para os solos, que por sua
vez se disponibilizados para a vegetagdo (GRANSEE;
FUHRS, 2013; ROWLEY et al, 2018). As relacdes
estequiométricas entre os cations basicos (i.e. Ca:Mg,
Ca:K e Mg:K) sdo fundamentais para compreender o
equilibrio das cargas no solo, que influenciam diretamente
na produtividade das coberturas vegetais (SALVADOR
etal, 2011).

Dentre as espécies cultivadas para alimentacdo
animal no Semiarido brasileiro, as espécies exoticas
capim buffel (Cenchrus ciliaris L.) e leucena (Leucena
leucocephala L.) vém sendo utilizadas pelos produtores.
O Cenchrus ciliaris L. ¢ uma graminea originaria da
Africa e foi amplamente difundida pelo mundo no
inicio do século XX, como planta resistente a seca ¢
fonte proteica na alimentacio (MARSHALL et al.,
2012). Enquanto a Leucena leucocephala L. é nativa da
América Central e utilizada em varios paises em sistemas
agrossilvipastoris, permitindo aumento da produtividade
animal (ESCALANTE, 2019).

As concentragdes dos nutrientes no solo da vegetagao
nativa representam uma condic¢ao de equilibrio dinamico,
em que as taxas de adi¢do e extragdo sdo iguais (JOBBAGY;
JACKSON, 2004). Nos ambientes cultivados com espécies
forrageiras, a taxa de extracdo pode ser maior do que a de
adigdo, representada pelo pastejo dos animais nas areas
de capim buffel e pelo corte da leucena para produgio
de forragem, em sistemas agricolas que ndo recebem
adubacdo. Assim, acarreta a deple¢do de nutrientes do
solo ao longo do tempo. A capacidade de suporte ¢ as
caracteristicas da extracdo determinardo o tempo que esses
cultivos podem ser realizados sem a adig¢@o de nutrientes
de uma fonte externa.
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In semi-arid environments, buffel grass can produce
7,207 kg ha! yr'! dry matter (PINHO et al., 2013), which
contain an average of 2.44, 1.69 and 4.87 g kg of K,
Ca and Mg respectively (LEITE et al., 2006), while
leucaena, which produces between 1,311 and 7,043
kg ha'! yr! depending on the type of cultivar (SILVA,
1992), contains an average of 17.9, 10.8 and 4.4 g kg
of K, Ca and Mg respectively. The removal of biomass
from these forages can result in a decrease in the levels
of nutrients in the soil.

Based on the above, the hypothesis is that after 40
years cultivating buffel grass and 11 years cultivating
leucaena, the nutritional support capacity of the
environment where no fertiliser was used was exceeded,
resulting in depletion of the K, Ca and Mg content of the
soil. As such, the aim of this study was to quantify the
concentrations of K, Ca and Mg and their stoichiometric
ratios in areas of buffel and leucaena grass in a Red-
Yellow Argisol, and to compare them with an area of
preserved Caatinga (seasonally dry tropical forest)
representing a condition of dynamic equilibrium, in
order to outline strategies for soil management and
conservation, while maintaining the support capacity
of the environment.

MATERIAL AND METHODS

The study was carried out in the experimental
area of Embrapa Semiarido, located in the city of
Petrolina, Pernambuco (PE) (09°09” S, 40°22W,
altitude 366 m) (Figure 1). The soil in the area
is classified as a Argisol eutrophic plinthosolic
(SiBCS, 2018) or Acrisol (WRB, 2014) with a light
to medium sandy texture, hyperxerophytic caatinga
phase, and flat/gently rolling terrain. According
to the Koppen classification, the climate in the
region is type BSh’, hot semi-arid with average
temperatures during the coldest month above 18
°C, and a mean air temperature of 26.5 °C, relative
humidity of 66%, mean annual rainfall in the region
of 541 mm, and annual class-A pan evaporation
of 2,500 mm yr!, with the monthly maximum not
exceeding 400 mm (Figure 2).

Em ambientes semidaridos, o capim buffel chega a
produzir 7.207 kg ha' ano! de massa seca (PINHO
et al., 2013), que contém em média 2,44, 1,69 ¢ 4,87
g kg' de K, Ca e Mg, respectivamente (LEITE et al.,
2006). Enquanto a leucena, que produz entre 1.311 e
7.043 kg ha'!' ano!, dependendo do tipo de cultivar
(SILVA, 1992), contém em média 17,9, 10,8 e 4,4 g
kg' de K, Ca e Mg, respectivamente, do sistema. A
retirada da biomassa dessas forrageiras pode acarretar
diminui¢@o dos teores de nutrientes no solo.

Nesse sentido, a hipotese ¢ que 40 anos de cultivo
de capim buffel e 11 anos de leucena excederam a
capacidade de suporte nutricional do ambiente sem a
adubacdo, promovendo a deplegdo dos teores de K, Ca
e Mg no solo. Portanto, objetivou-se com o presente
trabalho quantificar as concentragdes de K, Ca e Mg
e suas relagdes estequiométricas nas areas de capim
buffel e leucena em ARGISSOLOS VERMELHO-
AMARELO e compara-las com a Caatinga preservada
(floresta tropical sazonalmente seca), por representar
uma condi¢do de equilibrio dinamico. Para tragar
estratégias de manejo e conservacdo do solo,
considerando a manutenc¢do da capacidade de suporte
do ambiente.

MATERIAL E METODOS

O estudo foi realizado no campo experimental
da Embrapa Semiarido, localizado no municipio
de Petrolina-PE (09°09°’S, 40°22°W, altitude 366
m) (Figura 1). O solo da area ¢ classificado como
ARGISSOLO VERMELHO-AMARELO Eutréfico
plintossélico A fraco textura arenosa/média fase
caatinga hiperxerofila relevo plano/suave ondulado
(SiBCS, 2018). A regido apresenta clima do tipo
BSh’, segundo a classificagdo climatica de Kdppen,
semiarido quente com temperaturas médias do més
mais frio superior a 18 °C. A temperatura média
do ar de 26,5 °C, umidade relativa do ar de 66%,
precipitacdo média anual da regido de 541 mm e
evaporagdo do tanque classe A anual equivalente a
2.500 mm ano’!, e a maxima mensal ndo ultrapassa
400 mm (Figura 2).
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Pernambuco

Brazil

Latin America

BG - Buffel grass

PC — Preserved Caatinga

LE - Leucaena

Figure 1 - Study area located in the experimental area of Embrapa
Semiarido, Petrolina, PE.

Figura 1 - Area de estudo localizada na Estacdo experimental da
Embrapa Semiarido, Petrolina-PE.
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Figure 2 - Climate data from the study area for the years of collecting soil samples.

Figura 2 - Dados climatoldgicos da drea de estudo nos anos de coleta das amostras de
solo.
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Between 2010 and 2011, soil samples were
collected from areas under three types of plant cover:
(1) Preserved Caatinga (PC), seasonally dry tropical
forest; (2) Buffel grass (BG) - Cenchrus ciliaris L.
under 40 years cultivation, with animals (i.e. cattle and
sheep) grazing in the area during the dry season; (3)
Leucena (LE) - Leucena leucocephala L. under 11 years
cultivation, the biomass being periodically removed
for animal feed. No type of fertiliser has been applied
since the areas were set up. In the area of buffel grass,
cattle and sheep were introduced to feed on the pasture,
whereas in the area of leucaena, the biomass was cut
to feed the animals from troughs. Four trenches were
opened in each area at a minimum distance of 10 m,
randomised into transects along the central area of each
type of plant cover. Soil samples were collected from
each trench in the 0-5, 5-10, 10-15 and 15-20 cm layers.

The samples were then air-dried and sieved (2
mm mesh) to obtain air-dried fine soil (ADFS). The
potassium concentration was determined by flame
photometry after extraction with Mehlich-1 solution.
The calcium and magnesium content was extracted in
KCI solution (1 mol L") and determined by atomic
absorption spectrophotometry, flame mode (TEIXEIRA
et al.,2017). A physical and chemical characterisation
of the soil was also carried out using methods proposed
by Teixeira et al. (2017) (Table 1).

To assess the normality of the data for each layer
of soil, the Shapiro-Wilk test (p < 0.05) was applied
using the R v3.4.0 software. Data that did not meet
the criterion for normality were compared by the non-
parametric Mann-Whitney test (p < 0.05), using the
Past v3.20 software.

Entre os anos de 2010 e 2011 foram coletadas amostras
de solo em areas com trés coberturas vegetais: (1) Caatinga
Preservada (CP), floresta tropical sazonalmente seca; (2)
Capim Buffel (CB) - Cenchrus ciliaris L. com 40 anos
de cultivo, animais (i.e. bovinos e ovinos) pastam na
area no periodo de seca; (3) Leucena (LE) - Leucena
leucocephala L. com 11 anos de cultivo, sendo a biomassa
periodicamente retirada para alimentar animais. Desde a
instalagdo das areas, ndo houve a aplicagdo de nenhum
tipo de fertilizante. Nas areas de capim buffel, bovinos e
ovinossdo introduzidos para se alimentarem do pasto, ja
na area de leucena, a biomassa é cortada para alimentar
os animais no cocho. Foram abertas quatro trincheiras em
cada cobertura vegetal, com distancia minima de 10 m,
aleatorizadas em transectos na area central de cada uso.
Amostras de solo foram coletadas em cada trincheira nas
camadas: 0-5, 5-10, 10-15 e 15-20 cm.

Em seguida, as amostras foram secas ao ar e passadas
em peneira (malha 2 mm) para obtencdo de terra fina
seca ao ar (TFSA). As concentragdes de potassio foram
determinadas por fotometria de chama apds extracdo com
solu¢do Mehlich'. Os teores de célcio e magnésio foram
extraidos em solugdo de KCI (1 mol L") e determinados
por espectrofotometria de absor¢do atomica, modo chama
(TEIXEIRA et al, 2017). A caracterizagao fisica e quimica
do solo também foi realizada seguindo os métodos
propostos por Teixeira et al. (2017) (Tabela 1).

Para avaliar a normalidade dos dados, para cada
camada de solo, foi realizado o teste de Shapiro Wilk (p <
0,05) usando o programa R versao 3.4.0. Os dados que néo
atenderam ao critério de normalidade foram comparados
pelo teste ndo paramétrico de Mann-Whitney (p < 0,05),
empregando-se o programa Past versao 3.20.

Table 1 - Physical characterisation of the
Argisol/Acrisol eutrophic plinthosolic, Petrolina,

PE, Brazil, 2011

Tabela 1 - Caracterizagdo fisica do Argissolos

Vermelho-amarelos Eutrdfico  plintossdlico,
Petrolina, PE, Brasil, 2011
Layer Density Sand Silt Clay
cm gcmd g kg
0-5 1.29 666.67  292.66 40.67
5-10 1.34 682.50 260.12 47.38
10-15 1.35 701.61 246.61 51.77
15-20 1.38 691.99 247.06 60.95

*Average of four replications.
*Médias de quatro repeticoes.
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RESULTS

The area of buffel grass showed the highest K
concentration in the upper surface layers (Figure 3).
Only in the final layer sampled (15-20 cm) was there no
significant difference between plant cover. The variation
in K between layers was smaller in the preserved Caatinga
(0.07 to 0.11 g kg™, followed by the leucaena (0.06 to
0.12 g kg™). In the area of buffel grass, the K concentration
ranged from 0.11 to 0.20 g kg™ between layers (Figure 3).

In the surface layer (0-5 cm), the leucaena (0.3 g
kg') showed a calcium content significantly lower than
that of the preserved caatinga (0.5 g kg') (Figure 4). In
this layer, the buffel grass did not show any significant
difference in relation to the other types of plant cover,
whereas in the 10°15 cm layer, the Ca concentration in
the buffel grass (0.18 g kg') was significantly lower
compared to the leucaena (0.28 = 0.02 g kg'), but was
no different to that of the preserved Caatinga (0.28 +
0.04 g kg) (Figure 4).

In the other soil layers (5710 and 15-20 cm) there was
no significant difference between plant cover. As such,
cultivating buffel grass for 40 years did not alter the
calcium concentration in the soil. For the leucaena, the
Ca content was depleted in the first layer of soil only.

RESULTADOS

A area do capim buffel apresentou maior concentragao
de K nas camadas mais superficiais (Figura 3). Apenas na
ultima camada amostrada (15-20 cm) ndo houve diferenca
significativa entre as coberturas vegetais. A variagdo de K
entre as camadas foi menor na Caatinga preservada (0,07 a
0,11 g kg™"), seguida pela leucena (0,06 a 0,12 g kg'). Na
area do capim buffel, por sua vez, a concentragdo variou
de 0,11 a 0,20 g kg ' entre as camadas (Figura 3).

Na camada superficial (0-5 cm), a leucena (0,3 g kg™)
apresentou teor de calcio significativamente inferior a
caatinga preservada (0,5 g kg') (Figura 4). Nessa camada,
o capim buffel ndo apresentou diferencga significativa em
relagdo as demais coberturas vegetais. Enquanto na camada
10-15 cm, o capim buffel apresentou, significativamente,
menor“concentragdo de Ca (0,18 g kg™') quando comparado
com a leucena (0,28 + 0,02 g kg'), mas ndo diferiu da
Caatinga preservada (0,28 + 0,04 g kg!") (Figura 4).

Nas demais camadas do solo (5-10 e 15-20 cm) ndo
houve diferenca significativa entre as coberturas vegetais.
Desse modo, o cultivo, por 40 anos, de capim buffel ndo
alterou as concentragdes de calcio no solo. No cultivo com
leucena, observou-se deplegdo do teor de Ca somente na
primeira camada do solo.

K(gks!)
0.00 0.07 0.14 0.21
I
03 - a
b
- b
= 510 a
2 —b
] b
= 10-15 a
b mEC
% EBG
15-20 a
a OLE

Figure 3 - Potassium concentration (standard error) within
each vegetal cover: preserved caatinga (PC), buffel grass
(BG) and leucaena (LE) in a Argisol/Acrisol, in Petrolina,
PE, Brazil, 2011.

*Lowercase letters compare potassium concentrations by the Mann-
Whitney test (p < 0.05).

Figura 3 - Concentracbes de potdssio (erro padrdo)
dentro de cada cobertura vegetal: caatinga preservada
(CP), capim buffel (CB) e leucena (LE) em ARGISSOLOS
VERMELHO-AMARELOS em Petrolina-PE, Brasil, 2011.

*Letras mindsculas comparam as concentracdes de potassio pelo
teste de Mann-White (p < 0,05).

Revista Agro@mbiente On-line, v. 14, 2020



Stoichiometric ratios in the soil of native and forage areas in a seasonally dry tropical forest

Ca (gkg?)
Q.00 020 0.40 Q.80
—— a
0--5 ab
H b
a
g 510 5 a
= Hoa
s I
] n_1%
5 10-13 b — mpC
a oBG
15=20 _|l:|—|l+| a OLE
a

Figure 4 - Calcium concentration (standard error) within
each vegetal cover: preserved caatinga (PC), buffel grass
(BG) and leucaena (LE) in a Argisol/Acrisol, in Petrolina,
PE, Brazil, 2011.

*Lower case letters compare calcium concentrations by the Mann-
Whitney test (p < 0.05).

Figura 4 - Concentracoes de calcio (erro padrao) dentro
de cada cobertura vegetal: caatinga preservada (CP),
capim buffel (CB) e leucena (LE) em ARGISSOLOS
VERMELHO-AMARELQOS em Petrolina-PE, Brasil, 2011.

*Letras mindsculas comparam as concentragoes de potassio pelo teste

de Mann-White (p < 0,05).

There was a significant difference (p<0.05) in the
Mg concentrations in the soil between the types of
plant cover in the 5-10 and 10-15 cm layers (Figure
5). The area of buffel grass showed greater levels of
magnesium (0.14 g kg™') in the soil than did the areas
of preserved Caatinga and leucaena (both 0.08 g kg™!)
in the 5-10 cm layer, also differing from the preserved
Caatinga in the next layer (10-15 cm). In the other
layers (0-5 and 15-20 cm), there was no significant
difference in mean value for the Mg content of the soil
between the systems (Figure 5).

The Ca:Mg ratio in the soil ranged from 2.26 to
4.75 (Table 2). The area of buffel grass showed the
lowest Ca:Mg ratios in the first three layers, while
in the areas of preserved Caatinga and Leucena the
ratios were similar. The Ca:K ratio in the soil followed
a similar trend to the Ca:Mg ratio, with the cover of
buffel grass showing the lowest values, except for the
final layer (15-20 cm), where the Caatinga showed a
lower ratio than the other types of cover (Table 2).
There was a significant difference (p<0.05) in the
Mg:K ratio of the soil in the 10-15 cm layer only,
where the buffel grass continued to show the lowest
ratio (Table 2).

Em relagdo as concentracdes de Mg no solo
(Figura 5), houve diferenca significativa (p<0,05)
entre as coberturas vegetais nas camadas 5-10 e
10-15 cm. A area do capim buffel apresentou maior
teor de magnésio (0,14 g kg') no solo que as areas
da Caatinga preservada e da leucena (ambas com
0,08 g kg') na camada 5-10 cm, diferindo também
da Caatinga preservada na camada seguinte (10-15
cm). Nas demais camadas (0-5 e 15-20 cm) nao houve
diferenga significativa para as médias dos teores de
Mg no solo entre os sistemas (Figura 5).

A relagdo Ca:Mg no solo variou de 2,26 a 4,75
(Tabela 2). A area do capim buffel apresentou as
menores relagdes de Ca:Mg nas trés primeiras
camadas, enquanto nas areas de Caatinga preservada
e leucena essas relagdes sdo semelhantes. A relagdo
Ca:K do solo seguiu tendéncia semelhante ao Ca:Mg,
com a cobertura do capim buffel apresentando os
menores valores, com excecao da Gltima camada (15-
20 cm), em que a Caatinga apresentou menor relagdo
que as demais coberturas (Tabela 2). Na relagdo Mg:K
do solo, s6 houve diferenca significativa (p<0,05)
na camada 10-15 cm, onde o capim buffel seguiu
apresentando a menor relagdo (Tabela 2).
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Table 2 - Mean values and standard error of the stoichiometric ratios of calcium, magnesium and
potassium in a Argisol/Acrisol under preserved caatinga (PC), buffel grass (BG) and leucaena grass
(LE), in Petrolina, PE

Tabela 2 - Médias e erro padrdo das relacdes estequiométricas de calcio, magnésio e potdssio em
ARGISSOLOS VERMELHO-AMARELOS sob as coberturas vegetais caatinga preservada (CP), capim

Mg (g kg)
0.00 0.06 012 0.18
a
0--3 a
|—|—| a
—_ b
5 10 a
= =
2. b
= 10-15 a
— ab mEC
—— =56
3-20 |_|_| a OLE
a

Figure 5 - Magnesium concentration (standard error) within
each vegetal cover: preserved caatinga (PC), buffel grass
(BG) and leucaena (LE) in a Argisol/Acrisol, in Petrolina,
PE, Brazil, 2011.

*Lower case letters the compare magnesium concentrations by the
Mann-Whitney test (p < 0.05).

Figura 5 - Concentragcbes de magnésio (erro padrdo)
dentro de cada cobertura vegetal: caatinga preservada
(CP), capim buffel (CB) e leucena (LE) em ARGISSOLOS
VERMELHO-AMARELOS em Petrolina-PE, Brasil, 2011.

*Letras minusculas comparam as concentragdes de magnésio pelo teste
de Mann-White (p < 0,05).

buffel (CB) e leucena (LE), Petrolina-PE

Layer
cm

0-5

5-10
10-15
15-20

2.45 (0.15)
2.51(0.33)
2.26 (0.14)
3.07(0.36)a 3.39(0.26)a 3.22(0,30

BG LE PC BG LE PC
Ca:Mg CaK
3.64(0.24)a 4.50(0.55)a 1.58(0.14)b 255(0.05)a 1.01(0.10)a

b (0.55) (0.05)

b 3.65(0.08)a 4.14(0,34)a 2.24(009)b 3.39(0.26)a 0.98(0.15)a

b 3.73(0.07)a 3.96(048)a 1.28(007)b 3.53(0.27)a 0.95(0.04)a
(0.30)b 3.20(1.15)ab 4.67(0.54)a 1.08(0.20)a

*Lowercase letters compare the stoichiometric ratios of calcium, magnesium and potassium by the Mann-Whitney test (p < 0.05).
*Letras mindsculas comparam as relagbes estequiométricas de célcio, magnésio e potdssio pelo teste de Mann-White (p < 0,05).
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DISCUSSION

Buffel grass can become established in soils of low
natural fertility (MARSHALL et al., 2012), reflecting
the smaller input of nutrients in the semi-arid region
(LEITE et al., 2016) and the extent to which it is
found around the world (Table 3). However, the
higher potassium concentrations in soil cultivated
with buffel grass can be attributed to the greater plant
cover afforded by the crop, which reduces losses
through leaching, and to animal grazing in the area,
which increases the input of nutrients through animal
waste, contributing to the cycling and maintenance
of these nutrients in the soil system.

Even after 40 years cultivation, the buffel grass
continued to show higher levels of potassium in the
surface layers of the soil; if species adapt well to
the nutritional requirements of a certain element,
with intense root activity and nutrient deposition
through animal excreta, a greater amount remains in
the soil (BOWEN; CHUDLEIGH, 2018). Potassium,
although a very soluble and easily leached element,
remained in the soil system under each type of plant
cover, favoured by the semi-arid climate. Even
after 11 years cultivation, the Leucaena showed K
concentrations similar to those of the native forest.
Leucaena is drought tolerant and has a developed
root system (SILVA, 1992); cycling is via the fall of
folioles throughout the year, which helps K to remain
in the system.

DISCUSSAO

O capim buffel pode se estabelecer em solos com
baixa fertilidade natural (MARSHALL et al., 2012),
refletindo no menor aporte de nutrientes no Semiarido
(LEITE et al., 2016) e amplitude ao redor do mundo
(Tabela 3). Entretanto, a maior concentragao de potassio
no solo cultivado com capim buffel pode ser atribuida
aos fatores com maior cobertura vegetal proporcionada
pela cultura, que reduz as perdas por lixiviacdo; bem
como ao pastejo de animais na area, que aumenta o
aporte de nutrientes pela deposig@o de dejetos animais,
contribuindo para a ciclagem e manutengdo desses
nutrientes no sistema solo.

Mesmo com 40 anos de cultivo o capim buffel
seguiu apresentando maiores teores de potassio nas
camadas superficiais do solo, pois, se ha boa adaptagao
das espécies a necessidade nutricional de determinado
elemento, atividade radicular intensa e deposigdo de
nutrientes por excretas animais, este permanece em
maior quantidade no solo (BOWEN; CHUDLEIGH,
2018). O potassio, embora seja um elemento bastante
soluvel e facilmente lixiviado, permaneceu no sistema
solo em todas as coberturas vegetais, favorecido pelo
clima semidrido. Mesmo com 11 anos de cultivo, a
Leucena apresentou concentragdes de K semelhantes
a mata nativa. A leucena ¢ tolerante a seca com sistema
radicular desenvolvido (SILVA, 1992) e ciclagem por
meio das quedas dos foliolos ao longo do ano, o que
favorece a permanéncia do K no sistema.

Table 3 - Variations in the concentrations
of K, Ca and Mg exported in the aerial
biomass of buffel grass and Leucaena

Tabela 3 - Variagbes das concentracbes
de K, Ca e Mg exportada na biomassa
aérea de Capim buffel e Leucena

. Buffel grass* Leucaena**
Nutrient
g kg’
K 242245 7.9a21.1
Ca 0.4a48 8a?29
Mg 0.4a49 1.7a48

*Source: Ramirez et al., 1995; Dessommes et
al. 2003; Leite et al., 2006.

**Source: Silva, 1992; Garcia, 1996.
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Calcium in the soil can stabilise and boost the net
primary production of soil organic carbon via the
creation of exchange sites with functional organic
groups (ROWLEY et al., 2018). This increases the
cation exchange capacity of the soil, maintaining
or improving the chemical quality of soils under
preserved caatinga. This area, considered a reference
for assessing the changes caused by land use,
showed a concentration of 0.5 g kg in the 0-5 cm
layer. Preserved caatinga is considered a balanced
ecosystem due to the constant deposition of organic
matter from plant biomass that is deposited on the
ground throughout the year by the native vegetation.
Even with a short rainy season, there is annual
deposition of organic material in dry forests such
as the Caatinga, which ensures sufficient nutrient
input to maintain the productivity of the ecosystem
(ARAUJO FILHO, 2013). In areas of preserved
Caatinga, animals, such as cattle, goats and sheep,
have no access to plant material below the ground,
and the rate of deposition and decomposition of
organic residue remains balanced.

For the leucaena, the lower Ca concentration in
the surface layer (0-5 cm) was due to the removal
of aerial biomass from this forage for animal feed
(Table 3), reducing the return of nutrients to the soil
and the fertility of the environment (MILK ef al.,
2006). The lower concentration of Ca under BG in
the 10-15 cm layer, is due to the greater extraction
of this element by the roots in this layer (MNIF;
CHAIEB, 2009). In addition, a reduction in the
addition of organic material on the surface, together
with the low mobility of this element in the soil
profile (RIEKERK, 1971), decreases the input of
Ca to the subsurface layers (Table 3), altering the
fertility throughout the soil profile.

This reduction in the calcium content of the soil
takes place slowly in areas of pasture, since, after
40 years, the BG showed no significant differences
(p < 0.05) to the PC. According to Jobbagy and
Jackson (2004), Ca cycles more quickly in forests
than in pasture, as such, calcium must be less deeply
distributed under native forest than under pasture;
a trend also seen in the results for the first layer
(Figure 4).

Grasses such as buffel grass have simpler
leaves and a C4 photosynthetic cycle, requiring
less nutrients such as magnesium (MARSHALL et
al., 2012). In addition to nutrient deposition by the
aerial biomass, decomposition of the root system
contributes to nutrient cycling (SCHNEIDER;
LYNCH, 2018), a process that may have influenced
the higher concentrations of Mg in the area of buffel
grass compared to the preserved Caatinga.

O calcio presente no solo pode potencializar a
produgdo primaria liquida e estabilizar o carbono
orgénico do solo, a partir da criagdo de sitios de troca
com grupos organicos funcionais (ROWLEY et al,,
2018). Isso aumenta a capacidade de troca de cations do
solo, permitindo a manuten¢@o ou melhoria da qualidade
quimica dos solos sob caatinga preservada. Essa area,
considerada referéncia para avaliagdo das alteragdes
provocadas pelo uso do solo, apresentou concentragdo
de 0,5 g kg na camada 0-5 cm. A caatinga preservada
¢ considerada um ecossistema em equilibrio devido a
constante deposi¢cdo de matéria organica proveniente
da fitomassa que ¢ depositada sobre o solo ao longo
do ano pela vegetagdo nativa. Mesmo tendo uma época
chuvosa curta, ha deposi¢do anual de material organico
nas matas secas, como a Caatinga, que garante o aporte
de nutrientes suficientes para manter a produtividade
do ecossistema (ARAUJO FILHO, 2013). Nas areas
preservadas da Caatinga, animais, como bovinos,
caprinos e ovinos, ndo possuem acesso para consumir
o material vegetal sob o solo, e as taxas de deposi¢do
e decomposi¢do de residuos organicos permanecem
em equilibrio.

No cultivo de leucena, a menor concentragdo de Ca
na camada superficial (0-5 cm) ocorreu pela retirada de
biomassa aérea dessa forrageira para alimentacao dos
animais (Tabela 3), reduzindo o retorno dos nutrientes
ao solo e a fertilidade do ambiente (LEITE et al., 2006).
A menor concentracdo de Ca no CB, na camada 10-15
cm, ¢ devida a maior extragdo deste elemento pelas
raizes nessa camada (MNIF; CHAIEB, 2009). Além
disso, a reducdo da adicdo de material organico na
superficie associado a baixa mobilidade deste elemento
no perfil do solo (RIEKERK, 1971) diminui o aporte de
Ca nas camadas subsuperficiais (Tabela 3), alterando
a fertilidade ao longo do perfil do solo.

A diminuigao dos teores de calcio no solo ocorre
lentamente nas areas de pastos, pois o CB com 40 anos
de instalagdo ndo apresentou diferenca significativa (p
< 0,05) com a CP. Segundo Jobbagy e Jackson (2004),
o Ca cicla mais rapido em florestas que em pastagens,
assim a distribui¢ao de calcio deve ser menos profunda
na mata nativa do que em pastos. Tendéncia que se
observa nos resultados da primeira camada (Figura 4).

Gramineas como o capim buffel possuem folhas
mais simples, com ciclo fotossintético C4, possuindo
menor exigéncia de nutrientes, como o magnésio
(MARSHALL et al., 2012). Além da deposigao de
nutrientes pela biomassa aérea, a decomposi¢do do
sistema radicular contribui na ciclagem de nutrientes
(SCHNEIDER; LYNCH, 2018), esse processo pode ter
influenciado na maior concentragdo de Mg nas areas
de capim buffel quando comparados com a Caatinga
preservada.
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In addition to aspects related to the greater input
and the smaller losses due to leaching afforded by
the agrosystem of buffel grass discussed above,
herbaceous plants, such as buffel grass, have a rapid
life cycle where nutrients are input to the soil via
the decomposition of fine roots (AQUINO et al.,
2017). This allows for greater cycling of nutrients
previously absorbed by the plants, with elements
such as Ca and Mg being once again available in the
system. Considering that buffel grass has fasciculate
roots and has been grown in the area for 40 years,
the surface roots reduce the loss of such nutrients as
Mg and K through leaching, whereas the Leucaena,
which is used as a source of protein for animals
(ESCALATE, 2019), presented Mg concentrations
similar to the preserved caatinga. This result shows
that the nutritional requirement for Mg is low in
Leucaena (Table 3), because despite biomass being
extracted for animal feed, the levels of Mg do not
differ from those of the native forest. Magnesium
shows high mobility in the soil and undergoes
several cycling processes in ecosystems, whether
native or anthropic, because of this, for agricultural
systems to be sustainable, the Mg concentration
needs to be considered (GRANSEE; FUHRS, 2013;
SENBAYRAM et al., 2015).

A Ca:Mg ratio of around 3:1 has shown greater
efficiency for increasing dry matter and nutrient
absorption (SALVADOR et al., 2011). The lower
Ca:Mg and Ca:K ratio seen in the buffel grass was
due to the Mg and K concentrations being maintained
in the soil under this cover. Buffel grass exports a
small amount of Mg and K to the plant tissue, leaving
them available in the soil. Nutrients are also added
via the excreta of animals grazing in the area of
buffel grass, as well as from the nutrient cycling
of the fine roots. Ca uptake in the plant tissue was
higher (LEITE et al., 2006; MARSHALL et al.,
2012), thereby reducing its concentration in the soil
(Figure 4).

The Mg:K ratio shows that there is a greater
amount of K compared to Mg, since this ratio varied
from 0.58 to 1.37 between each layer and type of
cover. Only the 0-5 cm layer of preserved Caatinga
and the 15-20 cm layer of the three types of cover
under evaluation showed values equal to or greater
than 1, demonstrating that 67% of the layers have a
lower concentration of Mg than K.

Além dos aspectos relacionados ao maior aporte
e as menores perdas por lixiviag@o proporcionadas
pelo agrossistema do capim Buffel, ja discutidos
anteriormente, plantas herbaceas, como o buffel,
possuem ciclo de vida rdapido com aporte de
nutrientes ao solo pela decomposi¢do das raizes
finas (AQUINO et al., 2017). Isso permite maior
ciclagem de nutrientes ja absorvidos pelas plantas
disponibilizando novamente elementos como Ca e
Mg no sistema. Considerando que o capim buffel
possui raizes fasciculadas e sendo cultivado na
area ha 40 anos, as raizes superficiais diminuiram
as perdas de nutrientes, como Mg ¢ K, pelo
processo de lixiviagdo. Enquanto a Leucena, que
¢ utilizada como fonte proteica para os animais
(ESCALATE, 2019), apresentou concentragdes
de Mg semelhantes a caatinga preservada. Esse
resultado indica que a exigéncia nutricional de Mg
pela Leucena ¢é baixa (Tabela 3), pois, mesmo a sua
biomassa sendo extraida para alimentac¢ao animal,
os teores ndo diferenciaram da mata nativa. O
magnésio possui alta mobilidade no solo e passa por
diversos processos de ciclagem nos ecossistemas,
sejam eles nativos ou antropizados, por isso sua
concentragdo precisa ser considerada para que os
sistemas agricolas sejam sustentaveis (GRANSEE;
FUHRS, 2013; SENBAYRAM et al., 2015).

A relagdo Ca:Mg em torno de 3:1 vem
demonstrando maior eficiéncia para incrementos de
massa seca e absor¢do de nutrientes (SALVADOR
et al., 2011). A menor relagdo Ca:Mg e Ca:K
observada no capim buffel foi devido a manutengao
da concentragdo de Mg e K no solo nessa cobertura.
O capim buffel exporta pouca quantidade de Mg e K
para seus tecidos vegetais, deixando-os disponiveis
no solo. Ha também entrada de nutrientes pelas
excretas dos animais que pastejam na area do capim
buffel, bem como pela ciclagem de nutrientes das
raizes finas. A absor¢do de Ca em secus tecidos
foi maior (LEITE et al., 2006; MARSHALL et
al., 2012) e por isso sua concentragdo no solo foi
reduzida (Figura 4).

A relagdo Mg:K indica que ha maior quantidade
de K em comparagdo ao Mg, ja que essa relagdo
variou de 0,58 a 1,37 entre todas as camadas e
coberturas. Apenas a camada 0-5 cm da Caatinga
preservada e 15-20 cm das trés coberturas avaliadas
apresentaram valores iguais ou maiores que 1,
demonstrando que em 67% das camadas ocorre
menor concentragdo de Mg que K.
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Studies of soil fertility conducted in the late 19th
and early 20th centuries showed that an ideal soil should
have 65% Ca, 10% Mg and 5% K (BEAR et al., 1945).
Later studies suggested a range of variation for these
elements, such as 60 to 75% for Ca, 10 to 20% for Mg,
and 2 to 5% for K (ALBRECHT, 1975). In the present
study, considering only the three elements (Ca, Mg and
K), we obtained a mean value between the different
types of land use and layers of 60% Ca, 18% Mg and
21% K, showing that in general there is a higher K
content than Mg content in the soil under evaluation.
Soil aggregate stability benefits when the cations
follow the order: Ca** > Mg?* > K* > Na", since Ca and
Mg bind to the clay and carbon particles, improving the
soil structure; while K in greater quantities can limit
the absorption of Ca and Mg from the soil (BRONICK;
LAL, 2005; CHAGANTI; CULMAN, 2018).

CONCLUSIONS

The Ca concentration in the soil was reduced
locally by the buffel grass (in the 10-15 cm layer) and
leucaena (0-5 cm) compared to the area of preserved
caatinga;

Cultivating buffel grass maintained the levels of
K and Mg in the soil, and shows that the ability for
cycling these elements under this type of cover is
good, maintaining them and/or adding them to the
system by means of animal excretion, and reducing
losses through leaching;

The stoichiometric ratios under evaluation were
lower in the buffel grass due to the greater extraction
of Ca;

The Mg:K ratio points to a greater concentration
of K in the soils under evaluation, regardless of the
production system installed;

The amount of Ca removed by the export of forage
biomass should be restored to the soil so as not to
compromise the availability of this nutrient and the
productivity of the plant cover.
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Os estudos de fertilidade do solo realizados no final
do século XIX e inicio do XX indicaram que um solo
ideal deveria ter 65% de Ca, 10% de Mg e 5% de K
(BEAR et al., 1945). Estudos posteriores sugeriram
uma faixa de variagdo desses elementos, como 60 a
75% de Ca, 10 a20% de Mg, 2 a 5% de K (ALBRECHT,
1975). No nosso estudo, considerando apenas os trés
elementos (Ca, Mg e K), obtivemos uma média entre os
usos e camadas de 60% de Ca, 18% de Mg e 21% de K,
indicando que no geral ha maior teor de K que Mg nos
solos avaliados. A estabilidade de agregacdo no solo é
beneficiada quando os cations seguem a ordem: Ca®*>
Mg?*> K* > Na*, pois Ca e Mg se ligam as particulas
de argila e carbono, melhorando a estrutura do solo.
Enquanto o K em maior quantidade pode limitar a
absor¢do de Ca e Mg do solo (BRONICK; LAL, 2005;
CHAGANTI; CULMAN, 2018).

CONCLUSOES

A concentragdo de Ca no solo foi reduzida de
forma pontual pelos cultivos de capim buffel (na
camada 10-15 cm) e leucena (0-5 cm) em relagédo a
area com caatinga preservada;

O cultivo com capim buffel manteve os teores
de K e Mg do solo, mostrando que essa cobertura
possui boa capacidade de ciclagem desses elementos,
mantendo-os e¢/ou adicionando-os ao sistema por
meio da excre¢do dos animais ¢ da redugdo das
perdas por lixiviagdo;

As relagdes estequiométricas avaliadas foram
menores no capim buffel devido a maior extracgao
de Ca;

A relagdo Mg:K aponta para a maior concentragdo
de K nos solos avaliados, independente do sistema
de producdo instalado;

A quantidade de Ca retirada pela exportagao da
biomassa de forrageiras deve ser reposta ao solo
para ndo comprometer a disponibilidade desse
nutriente e a produtividade das coberturas vegetais.
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