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ABSTRACT — Liming is beneficial for plants as it promotes pH elevation, neutralization of toxic aluminum,
increase in calcium (Ca?') and magnesium (Mg?") supply, and provides greater root systems. However, it is
known that different species, mainly those native to the Cerrado, respond in different ways to this technique.
Given the above, the objective of this study was to determine how Hymenaea stigonocarpa (“Jatoba-do-
Cerrado”) seedlings respond to liming in Dystrophic Red Latosol. The plants were cultivated in four-liter pots,
submitted to different base saturation (natural soil, 30, 45, 60 and 75% V) and maintained in a greenhouse.
Biometrics, biomass, nutritional content and physiological parameters were evaluated. A difference in Ca?*
and Mg?' contents between leaves and stems was observed, leading to significant reductions in stomatal
conductance, transpiration, internal CO, concentration and internal and external CO, concentration ratios,
resulting in a reduction of the investment in growth and biomass. Given these results, there is no need for
liming in the production of H. stigonocarpa seedlings in a Dystrophic Red Latosol.
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COMPORTAMENTO MORFOFISIOLOGICO E NUTRICIONAL DE MUDAS DE
Hymenaea stigonocarpa Mart. ex Hayne (FABACEAE) SUBMETIDAS A CALAGEM

RESUMO — A calagem é benéfica para as plantas por promover a elevagdo do pH, neutraliza¢do do aluminio
toxico, aumentar o fornecimento de cdlcio (Ca®') e magnésio (Mg?') e propiciar maior sistema radicular.
No entanto, sabe-se que as espécies, principalmente nativas do Cerrado, respondem de formas distintas a
essa técnica. Diante do exposto, o objetivo deste estudo foi determinar de que forma mudas de Hymenaea
stigonocarpa (“Jatoba-do-Cerrado”) respondem a calagem em Latossolo Vermelho Distrofico. As plantas
Joram cultivadas em vasos de quatro litros, submetidas a diferentes saturagoes de bases (solo natural, 30, 45,
60 e 75% de V) e mantidas em casa de vegetagdo. Foram avaliadas a biometria, biomassa, teor nutricional
e pardametros fisiologicos. Houve diferenca para o teor de Ca®" e Mg*' nas folhas e caule e isso culminou
na redugdo significativa da condutdancia estomdtica, transpirag¢do, concentragdo interna de CO, e a relagdo
concentragdo interna e externa de CO,, o que levou a redugdo do investimento em crescimento e biomassa.
Diante dos resultados obtidos, para a producgdo de mudas de H. stigonocarpa em Latossolo Vermelho Distrofico
ndo hd necessidade de realizar calagem.

Palavras-Chave: Crescimento, Jatobd do cerrado, Saturac¢oes de bases.
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1.INTRODUCTION

Low fertility and nutrient availability, problems
such as soil acidity and aluminum toxicity limit plant
productivity, preventing plants from reaching their full
potential (Rao et al., 2016). To correct these factors,
liming is practiced. This technique aims to improve
production potential by correcting soil acidity to
obtain optimum yields. The soil acid/alkaline balance
(as measured by pH) is very important in maintaining
optimal soil nutrient availability and minimizing
potential toxicities (Agegnehu et al., 2019). Liming
increases base saturation and calcium and magnesium
availability, while phosphorus and molybdenum
fixation which are reduced by the inactivation of
reactive constituents and toxicity due to excess
soluble aluminum, iron and manganese, is corrected,
also promoting root growth and improving nutrient
absorption (Agegnehu et al., 2019).

Several studies have applied this technique in the
production of forest species seedlings. These studies
indicate that species from different ecological groups
present positive to liming responses, and that this result
is only obtained for plants classified as pioneers and
secondary species (Furtini Neto et al., 1999). However,
some studies report no difference between pioneer and
climax species (Macedo, 2008), and others demonstrate
that liming did not promote differences even in
pioneers, as in the case of Schizolobium parahyba
(Vell.) S. F. Blake and Leucochloron incuriale (Vellozo)
Barneby and Grimes (Coneglian et al., 2016; Santos
et al., 2019). Liming promoted negative responses to
seedling growth in Plathymenia foliolosa Benth and
Dimorphandra mollis Benth (Freitas et al., 2017b;
Cota et al., 2019), while positive response was noted
in Dalbergia nigra (Vell.) Allemdo ex Benth (Carlos et
al., 2018). These results indicate that forest species may
respond in different ways.

Studies of this nature are scarce for some
Cerrado species, and no information in the literature
to help seedling producers is available. This is the
case for Hymenaea stigonocarpa Mart ex Hayne from
the Fabaceae botanical family, a medicinal species
found in the Brazilian savannah, popularly known
as "Jatobda-do-Cerrado" and widely used against
general and respiratory pain (Fiebig and Pasa, 2018).
H. stigonocarpa also produces high quality hard and
sturdy wood (Moraes et al., 2018) and is also used in
the recovery of degraded areas (Silva et al., 2014).
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In nutritional terms, studies indicate that H.
stigonocarpa responds to phosphate fertilization
(Alves et al., 2015) as well as agro-industrial waste
(Mizobata et al., 2016). However, no research
demonstrating liming effects on H. stigonocarpa
seedling production is available. Given the above,
the aim of this study was to determine how H.
stigonocarpa seedlings respond to elevation base
saturation (liming) in a Dystrophic Red Latosol.

2.MATERIAL AND METHODS

2.1 Cultivation conditions and experimental design

This study was conducted in a greenhouse at the
Federal Institute Goiano-campus Rio Verde (17°47’
S e 50°54°W), Goias, Brazil. The soil classified
as a Dystrophic Red Latosol (Embrapa, 2013),
was collected from the 0.0-0.20 m deep soil layer.
Samples from 0.0-0.20 m in depth were collected
at five different points for chemical analyses,
according to the Embrapa (2009) methodology and
granulometry assessments according to the pipette
method (Embrapa, 1997). Thus, the soil in its natural
condition displays the following characteristics: pH of
4.3; 0.30 cmolc dm? of aluminum (Al**); 0.4 cmolc
dm-3 of calcium (Ca?"); 0.1 cmolc dm of magnesium
(Mg?"); 1 mg dm? of phosphorous (P); 100 mg dm™ of
potassium (K); 2.7 g kg-' of organic matter, 12% base
saturation (V) and 500, 320 and 180 g kg-' clay, sand
and silt, respectively.

Plants were grown in four-liter pots and the
experimental design was completely randomized,
consisting of five treatments (natural soil, 30, 45, 60
and 75% de V) and four repetitions each, totaling 20
experimental units. The Raij (1981) methodology
was used to raise the soil base saturation to the levels
of interest. The corrective agents calcium carbonate
(CaCO,) and magnesium carbonate (MgCO,)
were used at a 4: 1 ratio (Freitas et al., 2017a) and
incorporated individually into the pots.

Basic fertilization was calculated by meeting
the basic fertilization requirements (mg dm?),
according to Carlos et al. (2015): 180 of N, 300 of
P, 150 of K, 40 of S, 1.33 of Cu, 0.81 of B and 4
of Zn. Monoammonium phosphate, urea, ammonium
sulfate, potassium chloride, copper sulfate, boric acid
and zinc sulfate were used as sources, all applied as a
nutrient solution.
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H. stigonocarpa seeds were manually scarified
according to Santos (2011) and two were placed in
each pot. After germination, thinning was performed
leaving only one plant per pot. Planting occurred after
20 days of incubation in potted soil. The soil was
maintained at 60% of field capacity according to the
International Association of Engineering Geology
(IAEG, 1979).

2.2 Biometric and biomass assessments

Biometric evaluations consisted of plant height
(H) obtained with a millimeter ruler, taking as default
the apical meristem (Delarmelina et al., 2014) and
stem diameter (SD) measured with a digital caliper.
The total number of expanded leaves (NL) was also
counted.

Using photographic records of the leaves of each
experimental unit, the leaf area (LA) was calculated
using The Image J Software (Research Services
Branch, National Institute of Mental Health, Bethesda,
Maryland, USA). With the leaf area and leaf dry
mass (LDM) data, the specific leaf area (SFA) was
calculated using the formula proposed by Barbieri
Junior et al. (2007): SFA= LA/LDM.

The plants were cut into leaves, stems and root
and washed in distilled water. After separation of the
vegetative organs, they were maintained in a forced
air circulation oven at 65 °C until constant weight.
Subsequently, the leaf dry mass (LDM), stem dry
mass (SDM) and root dry mass (RDM) were obtained
(Delarmelina et al., 2014).

2.3 Gas exchanges

The physiological analyses comprised
photosynthetic rate [4, umol (CO,) m? s')] and
transpiratory rate [£, mmol (H,0) m? s'], stomatal
conductance [gs, mol (H,0) m? s'], internal CO2
concentration (Ci), relationship between internal and
external CO, concentrations(Ci/Ca) and electron
transport rate (ETR, pmol m? s), all performed using
portable infrared gas analyzer (Infra Red Gas Analyser
— IRGA, model Li-6400XT, Li-Cor, Nebraska, EUA)
on a fully expanded leaf, between 8 and 11 am.

2.4 Nutritional Content

Leaf, stem and root Ca** and Mg*"
determinations were performed by atomic absorption
spectrophotometry (Embrapa, 2009).
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2.5 Data analysis

The data were subjected to analysis of variance
by the F test for all variables at a significance level of
5% (p<0.05). When differences were found between
treatments, the regression analysis was used as
function of base saturation levels for each significant
variable, through the SISVAR 5.3 statistical program
(Ferreira, 2011).

3.RESULTS

3.1 Biometric and biomass results

Biometric and biomass variables were not
significantly affected by increased base saturation.
However, both decreased with increasing base
saturation (Figure 1A, C, D, E, F, G and H), except for
stem diameter. The treatment resulting in the highest
growth and biomass was the no liming (12%). The
highest increase in stem diameter was observed at the
highest base saturation (75%) (Figure 1B).

3.2 Nutritional Content

A difference between treatments was noted
for nutritional content. Increased base saturation
led to increased Ca?* and Mg?" content in both H.
stigonocarpa seedling leaves (Figure 2A and C) and
stems (Figure 2B and D). The data fit an increasing
linear model, where the higher base saturation (75%)
allowed for greater Ca** and Mg>" translocation to
leaves and stems.

3.3 Gas exchanges

All physiological H. stigonocarpa seedling
parameters were reduced with increasing base
saturation. Differences were found between
treatments for transpiration, stomatal conductance,
internal CO, concentration internal and external CO,
ratios (Figure 3). The obtained data for these variables
fit a decreasing linear model (Figure 3). The highest
values found for physiological variables were 11.3 for
A; 0.15 for gs; 2.6 for E; 274.8 for Ci; 0.68 for Ci/Ca
and 104.5 for ETR, all promoted in the non-liming
treatment (12%).

4.DISCUSSION

The increases base saturation did not influence

H. stigonocarpa seedling growth and biomass
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Figure 1 — Biometry and biomass for Hymenaea stigonocarpa (Fabaceae) seedlings submitted to base saturation elevation in Dystrophic
Red Latosol. H-height, SD-stem diameter, NF-leaf number, LA-leaf area, SLA-specific leaf area, LDM-leaf dry mass, SDM-
stem dry mass and RDM-root dry mass.

Figura 1 — Biometria e biomassa de mudas de Hymenaea stigonocarpa (Fabaceae) submetidas a elevagdo da saturagdo de bases em
Latossolo Vermelho Distréfico. H-altura, D-didmetro, NF-niimero de folhas, AF- drea foliar, AFE-drea foliar especifica, MSF-
massa seca foliar, MSC-massa seca do caule e MSR-massa seca radicular.
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Figure 2 — Nutritional content of Calcium (Ca?+) and Magnesium (Mg?+) in Hymenaea stigonocarpa (Fabaceae) seedling leaves and stems
submitted to different base saturations in Dystrophic Red Latosol.

Figura 2 — Teor nutricional de Calcio (Ca’+) e Magnésio (Mg*+) em folhas e caule de mudas de Hymenaea stigonocarpa (Fabaceae)
submetidas a diferentes saturagées de bases em Latossolo Vermelho Distrofico.

parameters, although the highest values were obtained
in the non-liming treatment, except for stem diameter.
This indicates that Ca** and Mg?*" content found in the
studied soil associated to high seed nutritional reserves
are sufficient for initial demands (Carlos et al., 2014),
and is one of the reasons why liming is not necessary
for the seedling production of other Cerrado species,
such as Hymenaea courbaril L (Furtini Neto et al.,
1999), Mimosa caesalpiniifolia Benth (Costa Filho
et al., 2013), S. parahyba (Coneglian et al., 2016), P,
foliolosa (Freitas et al., 2017b) and D. mollis (Cota et
al., 2019).

Although no difference in growth and biomass
was noted, a difference in Ca?>" and Mg?>" content in
both H. stigonocarpa seedling leaves and stems was
observed. This is due to the fact that liming increases
the availability of these nutrients in soil. However,
this technique seems to be advantageous only for fast-
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growing species, as slow-growing species may absorb
and translocate these nutrients, but do not use them as
efficiently. Thus, liming under the conditions of this
study for H. stigonocarpa seedlings is characterized
as a waste, since no responses in terms of growth due
to increased base saturation in Dystrophic Red Latosol
were observed. This is not uncommon, as several
Cerrado species, such as Astronium fraxinifolium
Schott, Guazuma ulmifolia Lam, Anadenanthera
macrocarpa (Benth.) Brenan, Inga edulis Mart (Silva
etal., 2011) and L. incuriale (Santos et al., 2019) have
displayed the same behavior in relation to liming.

Even considering that liming is unnecessary
under the studied conditions, the nutritional
requirement of seedlings in other soil types may be
different. For example, Bernardino et al. (2005),
Souza et al. (2008) and Souza et al. (2010) observed
no significant effect under increased base saturation

Revista Arvore 2019;43(3):e430305
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Figure 3 — Physiological parameters of Hymenaea stigonocarpa (Fabaceae) seedlings submitted to base saturation elevation in Dystrophic
Red Latosol. 4 -photosynthesis, gs -stomatal conductance, E-transpiration, Ci-internal CO, concentration, Ci/Ca-relationship
between internal and external CO, concentrations and ETR-electron transport rate.

Figura 3 — Pardmetros fisiologicos de mudas de Hymenaea stigonocarpa (Fabaceae) submetidas a saturagdes de bases em Latossolo
Vermelho Distrofico. A-fotossintese, gs-condutdncia estomdtica, E-transpirag¢do, Ci-concentragdo interno de CO2, Ci/Ca-
relagdo entre concentragdo interna e externa de CO2 e ETR-taxa de transporte de elétrons.

elevation on the morphological characteristics of A.
macrocarpa, Machaerium nictitans (Vell.) Benth
and Senna macranthera (DC. Ex Collad.) HS Irwin
and Barneby seedlings when grown in Argisol, while
a significant response was noted when these same
species were cultivated in dystrophic Alatosol.

The increased Ca?* and Mg?" content in leaves
and stems inversely affected stomatal conductance,
transpiration, internal CO, concentrations and the
relationship between internal and external CO,
concentration in H. stigonocarpa seedlings. With
reduced stomatal conductance, both transpiration

Revista Arvore 2019;43(3):e430305

and internal CO, concentration become limited. This
affects other physiological parameters such as internal
and external CO, concentration ratios and, mainly,
photosynthesis. In addition, decreased gas exchanges
lead to growth, development and seedling quality
compromises, as these factors are related (Taiz and
Zeiger, 2013).

The behavior noted in the seedlings as a function
of liming indicates the possibility of toxicity.
According to White and Broadley (2003), excess
Ca?" in soil can lead to toxicity and reduced plant
growth. Rothwell and Dodd (2014) observed leaf area
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reduction, gs, A and shoot biomass of two Fabaceae
family species as a function of liming. The authors
state that an alternative signal transmitted by the
xylem decreases the stomatal conductance and gas
exchange of the assessed species.

Liming effects on three Fabaceae family species
studied by Rothwell et al. (2015) were similar to those
observed in the present study, with no differences
in nutritional contents, except for Ca?". In addition,
the authors also observed decreased gs, Ci, 4 and
biomass accumulation. The authors attributed this
behavior to increased Abscisic Acid (ABA) as a
result of liming. Liming decreases water potential,
resulting in increased ABA, which in turn decreases
plant transpiration through stomatal closure, limiting
CO, absorption and leading to low internal CO,
concentrations, interfering with photosynthesis and,
thus, resulting in decreased biometric parameters and
biomass (Rothwell et al., 2015), as in observed herein.

Given this information, it is noted that some
plants grow well at low soil Ca?" concentrations and
respond very little when the availability of this nutrient
increases, in some cases leading to growth inhibition,
as observed in P. foliolosa and D. mollis (Freitas et
al., 2017b; Cota et al., 2019). This is due to the fact
that excessive Ca?* absorption in plants leads to ionic
balance disturbances, decreased absorption of other
nutrients or changes in cytosol pH (Balakrishnan et
al., 2000).

5.CONCLUSIONS

Hymenaea seedlings respond
negatively to base saturation increases in Dystrophic
Red Latosol, indicating no need for liming for seedling
production.

stigonocarpa

6. ACKNOWLEDGMENTS

The authors thank the Coordination for the
Improvement of Higher Education Personnel (CAPES)
and the Federal Institute of Goiano (IFGoiano), Rio
Verde.

7.REFERENCES
Agegnehu G, Yirga C, Erkossa T. Soil Acidity
Management. 1. ed. Ethiopian Institute of

Agricultural Research (EIAR). Addis Ababa,
Ethiopia; 2019. ISBN: 9789994466597

SilF

Alves JDN, Souza FCA, Oliveira ML, Oliveira
MCMA, Okumura RS. Fontes de fésforo no
crescimento inicial de mudas de jatoba-do-cerrado
(Hymenaea stigonocarpa Mart.). Nucleus. 2015;
12(2): 299-308. doi: 10.3738/1982.2278.1460

Balakrishnan K, Rajendran C, Kulandaivelu G.
Differential responses of iron, magnesium, and
zinc deficiency on pigment composition, nutrient
content, and photosynthetic activity in tropical fruit
crops. Photosynthetica. 2000; 38 (3): 477-479. doi:
10.1023 / A: 1010958512210

Barbieri Junior D, Braga LF, Roque CG, Sousa MP.
Analise de crescimento de Hymenaea courbaril
sob efeito da inoculagao micorrizica e adubacao
fosfatada. Revista de Ciéncias Agroambientais.
2007; 5(1):1-15. Disponivel https://www.
researchgate.net/profile/Cassiano_Roque2/
publication/228537923

Bernardino DCS, Paiva HN, Neves JCL, Gomes
JM, Marques VB. Crescimento e qualidade de
mudas de Anadenanthera macrocarpa (Benth.)
Brenan em resposta a saturacdo por bases do
substrato. Revista Arvore. 2005; 29(6): 863-870.
doi: 10.1590/S0100-67622005000600004.

Carlos LC, Venturin N, Farias ES, Venturin RP,
Macedo RLG. Growth and mineral nutrition in
seedlings of jacaranda-da-bahia subjected to
nutrient deprivation. Floresta. 2015; 45(1): 107-116.
doi: 10.5380/rf.v45i1.34312.

Carlos L, Venturin N, Macedo RLG, Higashika
WAEM, Garcia MB, Farias ES. Crescimento ¢
nutri¢do mineral de mudas de pequi sob efeito da
omissdo de nutrientes. Ciéncia Florestal. 2014;
24(1): 13-21. doi: 10.5902/1980509813318

Carlos L, Venturin N, Venturin RP, Alves JM,
Silva PO. Liming and phosphating in Dalbergia
nigra (Vell.) Allemdo ex Benth. seedlings. Floresta
Ambiente. 2018; 25(4): 1-10. doi:10.1590/2179-
8087.023917

Coneglian A, Ribeiro PHP, Melo BS, Pereira RF,
Dorneles Junior J. Initial growth of Schizolobium
parahybae in Brazilian Cerrado soil under liming
and mineral fertilization. Revista Brasileira de
Engenharia Agricola e Ambiental. 2016; 20(10):
908-912. doi: 10.1590/1807-1929/agriambi.
v20n10p908-912

Revista Arvore 2019;43(3):e430305



Costa Filho RT, Valeri SV, Pesséa da Cruz MC.
Calagem e adubacdo fosfatada no crescimento
de mudas de Mimosa caesalpiniifolia Benth. em
Latossolo Vermelho Amarelo. Ciéncia Florestal.
2013; 23(1):89-98. doi: 10.5902/198050988442

Cota CG, Silva MAS, Martins ER, Fernandes

LA, Magalhaes JR, Brito TR. Atributos do solo,
crescimento inicial e teor de flavonoides em mudas
de fava-d’anta sob niveis de saturagido por bases.
Revista de Ciéncias Agrarias. 2019, 42(1): 226-236.
doi: 10.19084/RCA17341

Delarmelina WM, Caldeira MVW, Faria JCT,
Gongalves EO, Rocha RLF. Diferentes Substratos
para a Producao de Mudas de Sesbania virgata.
Floresta e Ambiente. 2014; 21(2):224-233. doi:
10.4322/floram.2014.027

Empresa Brasileira de Pesquisa Agropecuéaria —
EMBRAPA. Manual de métodos de analise de solo.
1. ed. Rio de Janeiro: Centro Nacional de Pesquisas
de Solos; 1997. ISBN 85-85864-03-6.

Empresa Brasileira de Pesquisa Agropecudria —
EMBRAPA. Manual de andlises quimicas de solos,
plantas e fertilizantes. 2. ed. Brasilia: Embrapa
Informacao Tecnologica; 2009. ISBN 978-85-7383-
430-7

Empresa Brasileira de Pesquisa Agropecuaria-
EMBRAPA. Sistema brasileiro de classificacdo de
solos.3. ed. Brasilia: Embrapa; 2013. ISBN 978-85-
7035-198-2

Ferreira DF. Sisvar: a computer statistical analysis
system. Ciéncia e Agrotecnologia. 2011; 35(6): 1039-
1042. doi: 10.1590/S1413-70542011000600001

Fiebig GA, Pasa MC. As plantas medicinais na
comunidade Passagem da Concei¢do, Mato Grosso,
Brasil. Advances in Forestry Science. 2018;
5(1):237-248. doi: 10.34062/afs.v5il.5444

Freitas ECS, Paiva HN, Leite HG, Oliveira Neto SN.
Crescimento e qualidade de mudas de Cassia grandis
Linnaeus F. em resposta a adubacao fosfatada e
calagem. Ciéncia Florestal. 2017a; 27(2): 509-519.
doi: 10.5902/1980509827732

Freitas ECS, Paiva HN, Leite HG, Oliveira Neto SN.

Effect of phosphate fertilization and base saturation
of substrate on the seedlings growth and quality of

Revista Arvore 2019;43(3):e430305

SILVA P.O. et al.

Plathymenia foliolosa Benth. Revista Arvore. 2017b;
41(1):1-9. doi: 10.1590/1806-90882017000100011

Furtini Neto AE, Resende AV, Vale FR, Silva AR.
Liming effects on growth of native woody species
from brazilian savannah. Pesquisa Agropecuaria
Brasileira. 1999; 34(5):829-837. doi: 10.1590/S0100-
204X1999000500014

International Association for Engeneering Geology
—TAEG. Classification of rocks and soils for
engeneering geological mapping. Bulletin of
Engineering Geology and the Environment 1979;
19(1): 355-371.

Macedo ST. Crescimento inicial de espécies
pioneiras e climax em reposta a aplicagdo de calcario
e formulacdes NPK em plantios para recuperagdo

de areas degradadas na regido do Rio Urucu. 59 £,
2008. Dissertacao de mestrado, Instituto Nacional de
Pesquisas da Amazonia.

Mizobata KKGS, Santos CM, Maltoni KL, Faria
GA, Cassiolato AMR. Crescimento de Hymenaea
stigonocarpa em funcdo da adicéo de residuos em
solo degradado. Revista Brasileira de Engenharia
Agricola. 2016; 20(3): 223-229. doi: 10.1590/1807-
1929/agriambi.v20n3p223-229

Moraes MA, Kubota TIK, Rossini BC, Marino CL,
Freitas MLM, Moraes MLT, et al. Long-distance
pollen and seed dispersal and inbreeding depression in
Hymenaea stigonocarpa (Fabaceae: Caesalpinioideac)
in the Brazilian savannah. Ecology and Evolution.
2018; 8:7800—7816. 7800. doi: 10.1002/ece3.4253

Raij BV. Avaliacdo da fertilidade do solo. Piracicaba:
Instituto de Potassa e fosfato; 1981.

Rao IM, Miles JW, Beebe SE, Horst WJ. Root
adaptations to soils with low fertility and aluminium
toxicity. Annals of Botany. 2016; 118(4): 593—-605.
doi: 10.1093/a0b/mcw073

Rothwell SA, Dodd IC. Xylem sap calcium
concentrations do not explain liming-induced
inhibition of legume gas exchange. Plant Soil. 2014;
382(1-2): 17-30. doi: 10.1007/s11104-014-2118-5

Rothwell SA, Elphinstone ED, Dodd IC. Liming can
decrease legume crop yield and leaf gas exchange by
enhancing root to shoot ABA signaling. Journal of
Experimental Botany. 2015; 66(8): 2335-2345. doi:

SiF



Morphophysiological and nutritional behavior of...

10.1093 / jxb / erv042

Santos LCR, Costa E, Leal PAM, Nardelli EMV,
Souza GSA. Ambientes protegidos e substratos com
doses de composto organico comercial e solo na
formacao de mudas de Jatobazeiro em Aquidauana-
MS. Engenharia Agricola. 2011; 31(2): 249-259. doi:
10.1590/S0100-69162011000200005

Santos PAR, Freitas ECS, Paiva HN. Growth and
quality of Leucochloron incuriale seedlings subjected
to liming and phosphorus. Floresta Ambiente. 2019;
26(3): 1-9. doi:10.1590/2179-8087.069217

Silva AH, Pereira JS, Rodrigues SC.
Desenvolvimento inicial de espécies exoticas e
nativas e necessidade de calagem em area degradada
do Cerrado no tridngulo mineiro (Minas Gerais,
Brasil). Agronomia Colombiana. 2011; 29(2): 287-
292. Disponivel https://revistas.unal.edu.co/index.
php/agrocol/article/view/30214

Silva CP, Sousa MSB, Siguemoto ES, Soares
RAM, Areas JAG. Chemical composition

SilF

and antioxidant activity of jatoba-do-cerrado
(Hymenaea stigonocarpa Mart.) flour. Food
Science and Technology. 2014; 34(3): 597-603. doi:
10.1590/1678-457x.6405

Souza PH, Paiva HN, Neves JCL, Gomes JM,
Marques LS. Influéncia da saturacao por bases do
substrato no crescimento e qualidade de mudas

de Machaerium nictitans (Vell.) Benth. Revista
Arvore. 2008; 32(2): 193-201. doi: 10.1590/S0100-
67622008000200001

Souza PH, Paiva HN, Neves JCL, Gomes JM,
Marques LS. Crescimento e qualidade de mudas

de Senna macranthera (Collad.) Irwin et Barn. em
resposta & calagem. Revista Arvore. 2010; 34(2):233-
240. doi: 10.1590/S0100-67622010000200005

Taiz L, Zeiger E. Fisiologia vegetal. Porto Alegre:
Artmed; 2013. ISBN: 978-85-363-2795-2.

White PJ, Broadley MR. Calcium in Plants.

Annals of Botany. 2003; 92(4): 487-511. doi:
10.1093%2Faob%2Fmcg164

Revista Arvore 2019;43(3):e430305



